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cost of four different methods of shipment to major cities
in the United States and Canada, door-to-door.

There is no charge for our domestic packing or for
regular export packing and no charge for shipping con-
tainers or cases. Cases are not returnable.

OUR ADDRESS

Communications may be addressed to General Radio
Company, West Concord, Massachusetts, to one of the
Sales Engineering Offices listed on the inside front cover
of this catalog, or to the appropriate export representative.

Customers may call on whichever Sales Engineering
Office is most convenient for them. Areas regularly served
by the various offices are listed on the inside front cover.
States not listed are covered by the Sales Engineering
Department at West Concord.

We have direct teleprinter connections with both West-
ern Union and Bell System TWX. Our ecable address is
GENRADCO CONCORD (MASS), and our TWX call
numbers are 617-369-5708. Complete addresses and tele-
phone numbers for our Sales Engineering Offices are listed
on the inside front cover.

PRICES

All prices given in this catalog are established on a
direct-to-customer basis, with no discounts other than the
quantity discounts noted below. Prices are f.0.b. our plant,
West Concord, Massachusetts, and are exclusive of all
taxes now in effect or that may be imposed hereafter by
Federal, State, or local governments. Prices given are
subject to change without notice. Formal price quotations
remain in effect for 30 days in the U.S.A. and Canada,
60 days in other areas.

Canadian customers may obtain prices f.0.b. Toronto
from our Toronto Office.

Customers outside the U. S. and Canada may obtain
delivered prices from the General Radio representatives
listed inside the rear cover of this catalog.

QUANTITY DISCOUNTS

Quantity discounts apply only to Variac® autotrans-
formers and to parts, not to instruments. When 10 or
more identical parts or autotransformers are ordered at the
same time for single shipment to the same place, with
ultimate destination in the continental United States
(not including the Canal Zone) or Canada, the following
quantity discounts are allowed, except where otherwise
noted:

Quantity Discount

10 through 19 5 percent
20 through 99 10 percent
100 or more 15 percent

MINIMUM BILLING

The minimum billing per order is $10.00. This applies
to all purchases except repair parts and ecash-with-order
transactions.

SOURCE INSPECTION SURCHARGE

A surcharge of 1 percent ($2.50 minimum) applies on
all orders requiring inspection at our plant either by one
of the Government services or by the customer’s own in-
spection department or other private agency. The inspec-
tion surcharge applies on each shipment inspected.

CONDITIONS OF SALE

Determination of prices, terms, and conditions of sale,
and final acceptance of orders are made only at our plant,
West Concord, Massachusetts.

For customers in the United States and Canada, terms
are net 30 days if credit has been arranged; otherwise,
unless payment is received before shipment, shipment will
be made COD.

When full payment accompanies an order, except for
repairs, we pay transportation charges to any point in
the continental United States (not including Alaska and
the Canal Zone) on carrier of our choice.

WARRANTY

We warrant that each new instrument sold by us is free
from defects in material and workmanship and that, prop-
erly used, it will perform in full accordance with applicable
specifications for a period of two years after original ship-
ment. Any instrument or component that is found within
the two-year period not to meet these standards, after
examination by our factory, district offices, or authorized
repair agency personnel, will be repaired or, at our option,
replaced without charge, except for tubes or batteries that
have given normal service.

SERVICE AND REPAIR

Repair service is available from our plant at West
Concord, Massachusetts, or from our field service facilities
(see inside front cover).

Before returning an instrument for repair, please write
to us, requesting a Returned Material Tag, which includes
shipping instructions. Also state the type and serial num-
bers of the instrument, date of purchase, and details
concerning the difficulty.

Repair parts may be obtained from our home plant or
Sales Engineering Offices. When ordering repair parts,
please specify the part number and description of the
item and the type and serial numbers of the instrument
in which it is used.

S B

We warrant that each new instru- ]
ment sold hv nc ic fraa fram dafna.
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General Radio’s comprehensive line of acoustical and
audiofrequency instruments provides the essential ele-
ments for the efficient evaluation of noise and vibration
and for the measurement of other acoustical phenomena.
The basic instruments described in this section comprise
a sound-level meter, a vibration meter, and a variety of
transducers and calibrators, for the quantitative measure-
ment of both air-borne and solid-borne vibrations.

These are supplemented by:

(1) A group of analyzers, described in the section follow-
ing, which operate from the electrical output of the
sound-level meter* to measure the amplitude and fre-
quency of the components of the sound or vibration
spectrum. These include narrow-band, 14-octave, and
octave-band instruments, as well as a peak-reading
device for evaluating impact-type sounds.

(2) Audio-frequency oscillators, a random-noise generator,
and pulse generators for exciting acoustical and elec-
trical systems under test.

(3) A graphic level recorder for automatic spectrum analy-
sis, reverberation-time measurements, and perma-
nent records of measurements.

(4) Stroboscopes for visual analysis of vibrating phe-
nomena.

(5) Impedance bridges for determining the characteristics
of transducers and other acoustical devices.

(6) Auxiliary equipment, such as frequency meters and
amplifiers.

SOUND-LEVEL MEASUREMENTS

The standard sound-level meter is the basic sound-
measuring instrument and has been improved in each
suceessive model in performance, in convenience, and in
versatility, culminating in the Typg 1551-C Sound-Level
Meter, which meets the requirements of the current
American Standard Specification for General-Purpose
Sound Level Meter.t

An excellent, general-purpose pzT microphone is now
supplied as standard equipment. This stable and rugged
microphone has a smooth frequency response and is rela-
tively unaffected by normal temperature changes. It can
be mounted directly on the instrument or separately with
connection by extension cable when it is necessary to
avoid the effects of the observer on the acoustical measure-
ment. For broad-band measurements the Type 1551-P1
Condenser Microphone System is available.

The Type 1555-A Sound-Survey Meter is a simplified
version of the sound-level meter, particularly designed for
convenience in use, small size, and low cost.

Either of these instruments can be used to measure over-
all level, the first important measure of a noise. A fre-
quency analysis is also often desirable to estimate the
effects of the noise, to track down the source, and to
determine efficient control measures.

* The Type 1564-A Sound and Vibration Analyzer and the Tyrr 1558-A Octave-
Band Analyzer can also be operated directly from a microphone.

T ASA 814 — 1961,

AGOUSTICAL INSTRIIMENTS

OCTAVE-BAND AND NARROWER-BAND
MEASUREMENTS — SPECTRUM ANALYSIS
The Types 1558-A and 1558-AP Octave-Band Noise
Analyzers and Tyre 1564-A Sound and Vibration Analyzer
can be used directly with the pzr microphone to measure
octave-band, or 1/3-octave and 1/10-octave band, sound-
pressure levels in the range from 44 to 150 db, which is
often all that is necessary to check against hearing-damage
criteria or compliance with test codes or noise ordinances.
When even lower band levels must be measured, the elec-
trical output of the Type 1551-C Sound-Level Meter can
be analyzed. This output is the amplified electrical replica
of the acoustic signal at the microphone, and it has a
wide dynamic range. Its frequency spectrum can be
analyzed by the broad-band Type 1558 Octave-Band
Noise Analyzers, the TyrE 1564-A Sound and Vibration
Analyzer with both 1/10-octave and 1/3-octave band-
widths, and the Type 1900-A Wave Analyzer with 3-,
10-, and 50-cycle bandwidths.

IMPACT NOISE

The measurement of impact noise, which has previously
required extensive instrumentation including an oscillo-
scope, 1s now possible with a simple setup consisting of
the TypE 1551-C Sound-Level Meter and the Tyrr 1556-B
Impact-Noise Analyzer. This analyzer is also used to
measure electrical noise peaks in communication circuits.

CALIBRATION

Satisfactory noise measurements depend upon measur-
ing equipment that is kept in proper operating condition.
Although the instruments are inherently reliable and
stable, after long periods of use their performance may
change. In order to ensure that important changes will be
discovered and corrected, the Type 1552-B Sound-Level
Calibrator has been developed. It provides an over-all
calibration of the system at 400 cps. When driven by a
400-cycle oscillator at a 2-volt level, it supplies a known
acoustic signal to the microphone. The Type 1307-A
Transistor Oscillator is a convenient 400-cycle source.

Where greatest accuracy is desired, the Type 1559-A
Microphone Reciprocity Calibrator should be used. This
new device, which uses the closed-coupler reciprocity
method of calibration, will determine the sensitivity of the
Tyre 1560-P3 and -P4 PZT Microphones over a frequency
range of 20 to 8000 cps. It is also a precision acoustic
source, as well as a sound-level calibrator.

With these instruments, one can make the measure-
ments necessary for evaluating practically any industrial
noise problem. They can be used by nontechnical per-
sounel and are designed for long life and trouble-free
operation. The use of these and other noise-measuring
instruments is discussed thoroughly in the Handbook of
Noise Measurement, published by General Radio Company,
and available at one dollar a copy, postpaid. A Primer
of Noise Measurement, an elementary treatise, is free on
request.
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AMPLIFIERS

The two amplifiers listed in this section are broadband
instruments, adaptable to a variety of applications en-
countered in the electronics laboratory. The Tyre 1206-B
Unit Amplifier, with 3 watts output, covers audio, sub-
audio, and ultrasonic frequencies. The Typrr 1233-A Power
Amplifier, a 15-watt instrument, operates well up into
the rf range.

Other amplifiers, with many applications in addition to
those for which they arc primarily designed, are listed in
other sections of the catalog. Among them are:

f'ype 1206-B UNIT AMPLIFIER

This well-designed, high-quality, compact amplifier de-
livers 3 watts at audio and ultrasonic frequencies. It has
many uses in the laboratory — as a bridge amplifier, as
a driver for low-power electronic and electro-acoustical
devices, and as an amplifier for use with the Typr 1210-C
Unit R-C Oscillator. Single-ended, push-pull circuit* pro-
duces excellent low-frequency response.

* Arnold Peterson and Donald B. Sinclair, ‘A Single-Ended Push-Pull Audio Ampli-
fier,” Proceedings of the Institute of Radio Engineers, January 1952,

INPUT

Voltoge: Less than 1 volt for full power output.

impedance: 100,000 ohms in parallel with 35 pf.

QUTPUT

Power: With-300-volt plate supply, 600-ohm load: 3 watts from 10 cps
to 50 ke; 1.5 watts from 5 eps to 100 ke; 0.5 watt at 250 ke.

Load Impedance: 600 ohms optimum. Blocking capacitor is 100 uf.
(Internal impedance about 100 ohms.)

Distortion: Less than 19% harmonic distortion with 2 watts output
(29, with 3 watts) into 600 ohms from 20 cps to 40 ke.

AC Hum in Output: Less than 15 millivolts, rms, with Type 1203-B
Unit Power Supply; less than 3 millivolts, rms, with Tyre 1201-B
Unit Regulated Power Supply.

GENERAL

Voltage Gain: Continuously adjustable. Maximum gain is 50 to 1
(34 db), with no load; 42.5 to 1 (32.6 db) into 600 ochms.

Frequency Response: (See curve above.) Down less than 3 db at 2 cps
and 500 ke at 10 volts (or less) output, with gain control set at
maximum. See also power output specification.

Power Requirements: 6.3 volts, 2.7 amperes; 300 volts, 50 milliamperes.
Type 1203-B Unit Power Supply or Tyepe 1201-B Unit Regulated

Tuned Amplifier, TyrE 1232-A, page 79, is a selective
amplifier, tunable continuously from 20 cps to 20 ke, and
at 50 ke and 100 ke; it also has a broadband characteristie,
20 cps to 100 ke.

DC Amplifier, Tyre 1230-A, page 1140, amplifies weak
voltages and currents to operate a recorder.

High-gain Logarithmic Amplifier, Type 1551-C Sound-
Level Meter, page 4, has a full-scale sensitivity of 20
microvolts and a range of 126 db.

See also the section on DETECTORS, page 78.
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) (QUTPUT MEASURED ON PEAX-READING VOLTMETER}
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100c 1000¢ [ 100k iMe
FREQUENCY

Power Supply is recommended. The amplifier plugs directly into a
Unit Power Supply (page 173). It can be rigidly attached, with lock-
ing strips supplied, to form a complete assembly. The combination
will operate satisfactorily from a 400-cyele supply.

Pulse Response: NO LOAD 600 Q
Droop in 30-cycle square wave 159%, 209,
Approx rise time: 50 v peak-to-peak 1 usec 2 usec

100 v peak-to-pea’ 2 usec 4 usec
Max output, peak-to-peak magnitude 260 v 120 v

Accessories Supplied: Two multipoint connectors.

Terminals: Jack-top binding posts with 3f-inch spacing.

Cabinet: Unit Instrument (see page 210).

Dimensions: Width 1014, height 534, depth 614 inches (260 by 145 by
160 mm), over-all. As shown here, including power supply, 15 by
534 by 614 inches (380 by 145 by 160 mm), over-all. Relay-rack
adaptor set listed below mounts both instrument and power supply
(panel 19 by 7 inches).

Net Weight: 4 pounds (1.9 kg).

Shipping Weight: 14 pounds (6.5 kg).

Type Code Number Price
1206-B Unit Amplifier 1206-9702 $95.00
1203-B Unit Power Supply (for 115-volt line) 1203-9702 55.00
480-P4U3 Relay-Rack Adaptor Panel {for Amplifier
and Power Supply) 0480-9986 12.00
PATENT NOTICE. See wvotes 5, 9, and 14, page viii.
Type 1206-B Unit Amplifier
with Type 1203-B Unit Power
Supply.
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The wide frequency range and high power output
ot us amplifier make it adaptable to many wses in clee-
fronic and electro-acoustical laboratories. Typical uses ure:

Exciting antennas for radiation-pattern and impedance
measurements.

Output pulse waveforms 20-cps to 3-Mc range; input-pulse rise time,
0,03 psec; three pulse lengths shown.

Input Voltage: Less than 0.2 volt for full output.
Input Impedance: 100,000 ohms in parallel with 37 pf (grounded).
Power Requirements: 105 to 125 (or 210 to 250) volts, 40 to 60 cps;
120 watts at zero output; 140 watts maximum.

Instrument will operate with a maximum output of 10 watts on
power-supply frequencies up to 400 cps.
Voltmeter: Full-wave-average type; 150, 50, and 15 volts, full scale;
accuracy +109%, compensated to 3 Mc.
Terminals: Input and output, Tyere 874 Coaxial Connectors with

Type 1233-A POWER AMPLIFIER

Driving acoustical generators.
Amplifying received signals for operating remote modu-
Intinn and *‘"“"11(‘11(’}’ mUll‘ltOI'S.
reak signals for oscilloscope deflection.

The excellent frequency response of this
amplner 18 optained in three push-pull, broadband cir-
cuits with series-peaked interstage couplings. The two
power ranges use toroidal output transformers; the
voltage-amplification range uses a series-peaked video-
output network with gradual roll-off above 3 Mec. Ranges
are selected by panel switch. Meter reads output volts
and can be switched to read plate current of output tubes.

ground post for double-plug connection; Tyre 938 Binding Posts for
balanced output.

Accessories Supplied: Two Tyre 274-MB Double Plugs, two Tyre
874-C58A Cable Connectors, Type CAP-22 Power Cord, spare fuses.

Cabinet: Relay-rack panel with end frames supplied for bench use.
Dimensions: Width 1914, height 714, depth 1514 inches (495 by 190
by 395 mm) over-all.

Net Weight: 4614 pounds (21.5 kg).

Shipping Weight: 56 pounds (26 kg).

Distortion
Range Switch Operating Mnitput Optrmum Load Rise at Rated
Position Freq Range Power* Voltage I'mpedance Time Output Noise Level
20 ¢ to 20 ke 20 cps — 20 ke 8 watts 600 or 150 4% 60 db below 15 watts or
50 ¢ps — 15 ke 15 watts equivalent to 200 uv input,
20 ke to 1.5 Mc 20 ke — 1.5 Mc 8 watts 50 @ grounded 4% 70 db below 15 watts or
20ke — 0.5 Mc 15 watts equivalent to 63 puv input.
20 c to 3 Mc 20 cps — 3 Mc 150 volts, CRO deflection 0.1 4% Less than 0.6 v, peak-to-
peak-to-peak, plates; 1 ML, usec peak, bal, or equivalent
bal; 50 volts 36" leads ta 600 uv peak-to-peak
grounded input.

Disconnected Any single frequency, 20 cpsto &

mc; 15 watts, with exrernal tuned outpur rransformer

* Rated output is optamable at 105-volt line; output is greater for higher line voltages.

_,/_] 4\_77
20c TO_ 3M itk

_20c 70 20k
RAIIGE

AMPLITUDE
DEGIBELS

Typical respanse curves for the three amplifier ranges. The
20-cps to 3-Mc range is given a smooth roll-off at the high end
fo assure good transient response,

Type

20c ro 3he B Q_*lu‘

20¢ TOZORE
RANGE

DEGREES

PHASE SHIFT

e 2 T 5 Toke 2 5 Ok 2 5 M 2 5 I0Mc

Phase shift versus frequency for Type 1233-A Power Amplifier.

Code Number Price

1233-A

PATENT NOTICE.

Power Amplifier

See Note 4, page vitl.

20 cps to 20 ke
20 kc to 1.5 Mc
20 cps to 3 Mc

1233-9701 $690.00
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BRIDGES AND- IMPEDANGE-MEASURING INSTRIIMENTS

For the measurement of all types of impedance, resistive or re-
active, inductive or capacitive, at frequencies well up into the uhf
band, null methods have proved to be the most acceptable on grounds
of both precision and convenience. While most of the null circuits
used from de to about 100 Mc are adaptations of the fundamental
Wheatstone bridge circuit, many other types of networks that can
be adjusted to give zero transmission are also used. Still other
systems, such as resonant circuits using deflection-type instruments,
have advantages for certain applications.

At very-high and ultra-high frequencies, where impedances can no
longer be treated as lumped elements, null circuits based on coaxial-
line techniques have been developed in the General Radio laboratories.

DIRECT-CURRENT BRIDGES

The so-called Wheatstone bridge, Figure 1, has been used for over
a century for the measurement of direct-current resistance and is
still considered the fundamental circuit for the purpose. It measures
an unknown resistance in terms of calibrated standards of resistance
from the relationship:
Rs Ry

Ra~ Re =

which is satisfied when the voltage across the detector terminals
is zero.

ALTERNATING-CURRENT BRIDGES

The basic circuit of Figure 1 is also applicable to alternating-
current measurement.* With complex impedances, two conditions of
balance must be satisfied, one for the resistive component and one for
the reactive component At balance:

= Rp +jXp = YaZpZy (2)
or =GCGp +3Bp = Z4¥pYw (3)

Equation (2) expresses the unknown in terms of its impedance
components, while Equation (3) expresses the unknown in terms of
its admattance components. To satisfy these equations, at least one
of the three arms A, N, or B must be complex.

The reactance X r can be measured in terms of a similar reactance
in an ad]acent arm or an unlike reactance in the opposite arm, as
indicated in Figure 2.

* B. Hague, “Alternating-Current Bridge Methods,” Sir Isaac Pitman & Sons,
Ltd., London, 1957.

OGENO

RN [ Cp Ry Cp

o
oMo
\ )

Figure 1. The general Figure 2. Circuits for capacitance bridges in
Wheatstone  bridge which like reactances, CN and Cp, or unlike
circuit, reactances, LA and Cp, are compared.

Phase Balance The complex arm required to satisfy the balance con-
ditions of (2) or (3) is a combination of a resistance and a reactance,
either in series or in parallel. With a series combination in an arm
adjacent to the unknown or a parallel combination in the arm
opposite to the unknown, the bridge will measure the equivalent
series components of the unknown, while, conversely, with an adja-
cent parallel or an opposite series combination, the bridge will
measure the equivalent parallel components. Examples of various
combinations as used in the TyPe 1608-A Impedance Bridge are
shown on page 33.

If the two components in this complex arm are both adjustable,
the bridge will have independent and orthogonal balances for the
real and imaginary parts of the unknown. If only one of the cotn-
ponents in the complex arm is adjustable, this component will be
proportional to either the D or Q of the unknown impedance, which
1s a measure of the loss of a reactive component or the reactance of
a resistor (see below). If this adjustable component is the more
prominent of the two, as it is when very-low-@ inductors are meas-
ured, the bridge balance convergence is slow, if not impossible. The
TyprE 1650-A Impedance Bridge uses a mechanical ganging of the
bridge controls (ORTHONULL® balance finder) to facilitate the con-
vergence (see page 34).

Dissipation Factor and Storage Factor An important characteristic of

an inductor or a capacitor, and often even a resistor, is the ratio of
resistance to reactance or of conductance to susceptance. This ratio

Figure 3. Vector

diagram showing

the relations be-

tween factors D

and Q, and angles
6 and 8.

is termed dissipation factor, D, and its reciprocal is storage factor, Q.
These ratios are defined in Figure 3 in terms of phase angle ¢ and
loss angle s. Dissipation factor 1s directly proportional to the energy
dissipated, and storage factor to the energy stored, per cycle. Power
factor is defined as

PF = cos e =sin s

and differs from dissipation factor by less than 19, when their mag-
nitudes are less than 0.1.

In Flgure 3, R and X are the series resistance and reactance, and
@ and B are the parallel conductance and susceptance, of the im-
pedance or admittance involved.

Dissipation factor, which varies directly with the power loss, is
commonly used for capacitors and, to a lesser extent, for inductors.
Its reciprocal, storage factor, @, is more often used for inductors,
because it is a measure of the voltage step-up in a tuned circuit.
@ 1s also used for resistors, in which case it is usually very small.

Series and Parallel Components Ivery impedance can be expressed
in terms of either series or parallel components. The choice is a matter
of convenience for the problem at hand. One cannot tell from a single
measurement whether a combination of a resistive and a reactive
element is actually parallel or series, and, regardless of the physical
configuration, the resistive and reactive components can be measured

e aamveus ApamBe AUJ AR WG L LEA LZOU-A ILIECTIOMETEr (page L4u).
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Elementary schematics of the capacitance, conductance, resistance, and reactance bridges.

resistors are similar to those used in General Radio decade
resistance boxes, and the standard capacitor is a special,
combination silver-mica and stabilized-polystyrene ca-
pacitor, with a low temperature coefficient.

The readout system is digital for C, R, L, and G, as well
as for the @ of resistors. The D and @ readings for ca-
pacitors and inductors are directly read from a dial with
the correct scale illuminated. Decimal points and units
are indicated where necessary, and there are no multi-
plying factors for any quantity indicated at 1 ke or de.

The main readout has both coarse and fine adjustments

RANGES
Capacitance: 0.05 pf to 1100 pf in seven ranges, series or parallel.
Inductance: 0.05 ph to 1100 h in seven ranges, series or parallel.
Resistance: (series) 0.056 milliohm to 1.1 megohms, ac or dc.
Conductance: (parallel) 0.05 nanomhos to 1.1 mhos, ac or de (20,000
megohms to 0.9 ohm).
D: (of series capacitance) — 0.0005 to 1 at 1 ke.

(of parallel capacitance) — 0.02 to 2 at 1 ke.
Q: (of series inductance) — 0.5 to 50 at 1 ke.

(of parallel inductance) — 1 to 2000 at 1 ke.

(of series resistance) — 0.0005 to 1.2 inductive at 1 ke.

(of parallel conductance) — 0.0005 to 1.2 capacitive at 1 ke.
Frequency: 1 k¢ with internal oscillator module supplied; 20 eps to
20 ke with external oscillator.

ACCURACY
C, G R L
At 1 ke: +0.19 4 0.005% of full scale except on lowest R and L

ranges and highest C and @ ranges, where it is £0.2% + 0.005%, of
full scale.
Additional % error terms for high frequency and large phase angle:
Cand L: (+0.00177, £ 0.1Dfk * 0.5D%)%, of measured quantity.
R and G: (£0.002f7, +0.000001f;, +0.1Q)% of measured quantity.
Residual Terminal Impedance: R =~ 0.001 ohm, L >~ 0.15 xh, C >~ 0.25
pf.
DC Resistance and Conductance: Sane as for 1-ke measurement, except
that accuracy is limited by sensitivity at the range extremes. Balances
to 0.19% are possible from 1 ohm to 1 megohm with the internal
supply and detector.

D (or é) of C or L: +0.0005 + 5%, at 1 ke or lower.

+0.0005f %, + 5% above 1 ke.
Q of R or G: +0.0005f; + 2%.

controlled by concentric knobs. The fine control is a com-
pensated, wire-wound rheostat. The coarse control, which
vields approximately 100 fixed unit steps of resistance,
uses only 40 individual resistors combined in an ingenious
switching system called a centade.

The 1-ke frequency-selective networks for the internal
oscillator and tuned detector are on a plug-in module,
which can be easily replaced with modules available for
other internal test frequencies. Provision is made for use
with an external oscillator. Three de supplies are included to
obtain good dc sensitivity over a wide range of resistance.

GENERATOR AND DETECTOR

Internal Oscillater: 1 ke + 19, normally supplied. Plug-in modules
for other frequencies available on request. Level control provided.

Internal AC Detector: Can be used either flat or selective at frequency
of plug-in module (normally 1 ke). Second-harmonic rejection approx-
imately 25 db; sensitivity control provided.

Internal DC Supplies: 3.5 volts, 35 volts, 350 volts, adjustable, and
power limited to less than 14 watt.

External Oscillator and Detector; For measurement at other frequencies
from 20 cps to 20 ke, Type 1210-C Unit R-C Oscillator (page 105),
the Type 1311-A Audio Oscillator (page 109), and Typre 1232-A
Tuned Amplifier and Null Detector (page 79) are recommended.

DC Bias: Provision is made for biasing capacitors to 500 volts with
external supplies, and for biasing current in inductors.

GENERAL

Accessories Supplied: TYPE CAP-22 Power Cord, spare fuses, spare
indicator lamps.

Accessories Available: Tyre 1650-P1 Test Jig (page 35); external
generator and detector, if used, as listed above.

Power Requirements: 105 to 125 (or 210 to 250) volts, 50 to 60 cps,
10 watts.

Cabinet: Rack-bench (see page 210).

Dimensions: Bench model — width 19, height 1214, depth 1114 inches
(485 by 320 by 295 mm), over-all; rack model — panel, 19 by 1214
inches (485 by 315 mm), depth behind panel 10 inches (255 mm).

Net Weight: Bench model, 3634 pounds (17 kg); rack model, 3434
pounds (15.8 kg).

Shipping Weight: Bench model, 50 pounds (22.7 kg); rack model,
48 pounds (22 kg).

For a complete description, see General Radio Experimenter, 36, 3,
March, 1962.

Type Code Number Price
1608-AM Impedance Bridge, Bench Model 1608-9801 $1300.00
1608-AR Impedance Bridge, Rack Model 1608-9811 1300.00
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Type 1650-A IMPEDANCE BRIDGE

Completely self-contained and portable.
Wide impedance range, covering all commonly used components.

orTHONULLY balance finder to facilitate low-@ balances.

Visual null indicator.

Transistor oscillator and detector powered by commonly available “D” cells.

Provision for applying de bi
Very small residual errors.

The Type 1650-A Impedance Bridge will measure
wie sductance and storage factor, @, of inductors,* the
capacitance and dissipation factor, D, of capacitors, and
the ac and dc resistance of all types of resistors.

In the laboratory it is extremely useful for measuring
the circuit constants in experimental equipment, testing
preliminary samples, and identifying unlabeled parts. In
the shop and on the test bench it has many applications
for testing and component sorting.

Three-terminal measurements can be made in the
presence of considerable stray capacitance to ground.

This bridge is a completely self-contained
anu purvave wstrument. Five separate bridge circuits are
included to give flexibility and wide range. Battery-
powered, low-drain transistor oscillator and detector are
included. The panel meter indicates both de and ac bridge

* Including such low-Q inductors as rf coils measured at 1 ke.

RANGES OF MEASUREMENT
Resistance: 1 milliohm to 11 megohms, eight ranges, ac or dc.
Capacitance: 1 pf to 1100 nf, seven ranges, series or parallel.
Inductance: 1 ph to 1100 h, seven ranges, series or parallel.
D: (of series capacitance) — 0.001 to 1 at 1 ke.

(of parallel capacitance) — 0.1 to 50 at 1 ke.

(Cy = Cp within 1%, if D < 0.1.)
Q: (of series inductance) — 0.02 to 10 at 1 ke.

(of parallel inductance) — 1 to 1000 at 1 ke.

(Ls = L, within 1%, if @ > 10.)

ACCURACY
AC Resistance: 19, +1 milliohm (residual R = 1 milliohm).

Easy-to-read dials.
ng battery life; easy replacement.

unbalances, and, therefore, earphones are not required.

The measured quantities, R, L, €, D, and @, are in-
dicated directly on dials with logarithmic scales. No
multiplier is necessary for the D and @ indications, and
the C, R, or L multiplier and the units of measurement are
indicated by the range switch setting.

The bridge circuits are made up of high-quality, stable
components to give accuracy for many years under a wide
range of conditions. The orrHONULL balance finder, a
patented mechanical-ganging device, is used to make
low-@ (high-D) balances possible without a “sliding null.”
This mechanism, which may be switched in or out as
desired, adds accuracy as well as convenience and makes
easy many low-@ measurements that are practically im-
possible on other impedance bridges.

The Flip-Tilt case provides a handle and a captive, pro-
tective cover and allows the bridge panel to be tilted and
held firmly at any angle.

DC Resistance: 19, from 1 ohm to 100 kilohms. An external de supply
is required for 19, accuracy above 100 kilohms.

Capacitance: +17%, +1 pf (residual ¢ = 0.5 pf).

Inductance: +19%, +1 ph (residual L < 0.2 ph).

D: +59%, £0.001 at 1 ke or lower.

1/Q: +£59% +0.001 at 1 ke or lower.

Frequency: (1 ke supplied internally)

19, accuracy for R, 20 cps to 5 ke; for L and C, 20 ¢ps to 20 ke.
D and @ ranges are functions of frequency. With reduced accuracy,
measurements can be made up to 100 ke.

GENERATOR AND DETECTOR

Internal Oscillator Frequency (external ac and dc¢ sources can also bhe
vsed): 1 ke +29,.

COMPLETELY SELF-CONTAINED
UNIVERSAL BRIDGE

<
it
)
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f'ype 1652-A RESISTANCE LIMIT BRIDGE

Rapid, accurate for limit tests.
Large, open-scale meter, color coded.

Eq—~"y useful for null measurements.
Wide range — onc ohm to one megohm.

AC-operated — no batteries needed.

This resistance limit bridge is intended for the pro-
duction testing of resistors at de. It can be used:

To indicate deviation from nominal value.

To match pairs of resistors.

To compare resistors to a standard sample.

To measure resistance by the null method.

For manufacturers and uscrs of resistors, this bridge is
a rapid and accurate means for sorting into tolerance
classifications, for selection to close tolerances, and for
matching pairs of resistors for balanced cireuits.

In the laboratory, its accuracy is adequate for all but
the most exacting requirements, and it will measure re-
sistors up to one megohm.

For automatic sorling, a relay and amplifier can be
connected to actuate a selector mechanism.

+

METER

CD \ swiTon

UNKNOWN

BRIDGE SUPPLY
SET TO 2 VOLTS

—_ —PERCENT+ =

[f__ 5

OVERLOAD
SWITCH

Schematic circuit diagram of the Type 1652-A Resistance Llimit Bridge.

The circuit is a conventional equal-arm
Wheatstone bridge, supplied from a constant-voltage dc
source. The meter indicates pereentage deviation directly.
The internal standard consists of seven TypE 510 Decade-
Resistance Units and is adjustable in 0.1-ohm steps from
one ohm to 1,111,111 ohms.

For limit testing, the standard is set to the desired
nominal value, and the percentage deviation is read from
the meter. Terminals are provided for connection of a
test jig such as the Tyre 1650-P1 (page 35).

For matching pairs, the resistor to be matched is sub-
stituted for the internal standard.

For null measurements, the internal standard is ad-
justed to equality with the unknown resistor.

Resistance Range: As a limit bridge, 1 ohm to 1,111,111 ohms with
internal standard; for null measurement, 1 ohm to 1,111,111 ohms
with internal standard; 1 ohm to 2 megohms with external standard.
Limit Range: Meter reads from —209%, to +209%, with the standard
EIA (RETMA) tolerance range of +59% and +109%, clearly indicated
by gold and silver coloring, respectively.

Accuracy: As a limit bridge, +0.59%, or better; for matching, +0.2%;
for null measurement, with internal standard, +0.259, ahove
10 obms and +0.49%, between 1 ohm and 10 ohms; with an exter-
nal standard, from 1 ohm to 2 megohms =(0.2%, + accuracy
of standard).

Voltage Applied to Unknown: One volt when the meter indication is
zero; 0.9 volt at —209,; 1.1 volts at +20%.

Power Requirements: 105 to 125 (or 210 to 250} volts, 60 cps. The
power input is approximately 30 watts.

Accessories Supplied: TYPE CAP-22 Power Cord, spare fuses.

Cabinet: Rack-bench (see page 210).

Dimensions: Bench mode] — width 19, height 8%, depth 1214 inches
(485 by 225 by 315 mm), over-all; rack model — panel 19 by 834
inches (485 by 225 mm), depth behind panel 11 inches (280 mm).
Net Weight: 20 pounds (13.5 kg).

Shipping Weight: 43 pounds (19.6 kg).

Type Code Number Price
1652-AM Resistance Limit Bridge, Bench Model 1652-9801 $600.00
1652-AR Resistance Limit Bridge, Rack Model 1652-9811 600.00
1652-AMQ1 Resistance Limit Bridge (50 cps), Bench Model 1652-9495 725.00
1652-ARQ1 Resistance Limit Bridge (50 cps), Rack Model 1652-9496 725.00
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f'ype 1602-B UHF ADMITTANCE METER

Direct reading in admittance components — conductance and susceptance — independent

of frequency.

With line stretcher, can indicate impedance directly.

Can measure vswr directly, with Type DNT Detector or any other linear detector.
No sliding balance — resistive and reactive adjustments are independent.

Wide frequency range — direct reading from 40 to 1500 Me.

Accurate, rapid, easy to use.

This null-type impedance-measuring instrument is
paruicularly useful for measurements on coaxial systems:
antennas, lines, coaxial components.

It can be used as an indicator for adjusting a network

"to a predetermined admittance or for matching one net-

work to another, and is particularly useful in matching
antennas and other networks to 50-ohm circuits.

As a comparator, the Admittance Meter can be used
to determine impedance magnitude, reflection-coefficient
magnitude, and voltage standing-wave ratio. Direct-read-
ing measurements of vswRr can be made when a linear
detector is used.

The usefulness of the Admittance Meter is greatly en-
hanced by the many accessories available for use with it.
Among these are:

The Typre 874-LK20L Constant-Impedance Adjustable
Line, which can be set to one-half wavelength to eliminate
corrections for the length of transmission line between the
unknown and the measuring point. When the line is set
to one-quarter wavelength, the Admittance Meter dials
read directly in impedance parameters, i.e., the series
resistance and reactance of the unknown,

The Typr 874-UBL Balun, for use in measuring balanced
impedances.

The Tyre 874-ML Component Mount, which provides
a convenient means of connecting lumped elements (resis-
tors, capacitors, or inductors) to the Admittance Meter
for measurement.

Low-vswr adaptors (which can be locked in place) for
most types of military connectors and (nonlocking) for

2
VARIABLE
AR CAPAGITOR o,

Schematic diagram of admittance-meter circuit, with standards, generator,
and null detector connected for admittance measurements.

rigid vhf and uhf transmission lines used with Tv trans-
mitting antennas. With these adaptors and the adjustable
line mentioned above, the over-all accuracy of measure-
ment is more than adequate for measurements in the
design, test, and installation of antennas.

A UNIQUE INSTRUMENT FOR UHF-VHF ADMITTANCE,

IMPEDANCE, AND VSWR MEASUREMENT FROM
40 TO 1500 Mc
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Accessories and storage

box for the Transfer-

Function and Immittance
Bridge.

Frequency Range: 25 to 1500 Mec, with reduced accuracy above 1UUU
Me and when flexible cable is used in the lines. The use of this cable
is required at frequencies below 150 Mec and is optional at other
frequencies.

Measurement Range:

Voltage and Current Ratios
(R) 0-30

Accyracy: (up to 1000 Mc)
2501 + VE) % + 0.025*

2.5 <1 + \%) % + 1.25 ohms*
2.5 (1 ¥, /;S_l) % + 0.5 mmho*
2.0 (1 + \/%(IE) % 4 1.0 chm*

2.0 (1 + 12’_(1)1> % +0.4 mmho*

Transimpedance (Z,;)
0-1500 ohms

Transadmittance (¥5)
0—600 mmhos

Impedance (Zn)
0-1000 ohms

Admitta,nce (Yu)
0—400 mmhos

*When the 0.1 multiplier plate is used, these residual errors are significantly
reduced.

DC Bias: Terminals are provided for introducing de bias from exter-
nal sources. Maximum bias current, 2.5 amperes, continuous; higher
currents are permissible for short periods; maximum bias voltage,
400 volts.

Accessories Supplied: Range-Extension Unit; Transfer-Function Indi-
cator; Immittance Indicator; 6 terminations (open, short, matched,
ete.); standards; 10-db attenuator; 8 air lines (21.5 and 43 cm);
3 U-line sections; constant-impedance adjustable line; a special tee;
two 0.1 multiplier plates; 10 patch cords; carrying case with storage
space for instrument and accessories.

Accessories Required: Generator, detector, and mount for unknown
device. Unit Oscillators (page 112) and Type DNT Detectors (page
81) are recommended. For coaxial adaptors, see page 64. See below
for mounts available.

Other Accessories Available: Four transistor mounts, ungrounded
component mount, and tube mounts listed in the price table below.

Dimensions: Case, 1114 by 1414 by 40 inches (290 by 370 by 1020 mm),
over-all.

Net Weight: 63 pounds (29 kg).
Shipping Weight: 132 pounds (61 kg).

For a more complete description of this instrument, refer to the
General Radio Experimenter, 32, 10, March, 1958, and 33, 5, May, 1959.

= 220 mmho

External
Detector

"Network Input" Line
length = n,A/4, n=even
or odd in!eqzrk

p
.u”_T _E.'i—___J

JwaIL

ork Qutput” Line

:nyX/4, n, = even or odd
‘(n' not alwoys equol to "2)

Schematic diagram of rf circuits of the Transfer-Function and
Immittonce Bridge.

Type Code Number Price
1607-A Transfer-Function and Immittance Bridgt 1607-9701 $1775.00
1607-P101 Transistor Mount (JETEC-30, 0.200 in. D

pin circle, for TO-5, -9, -11, -39 and simi-

lar packages) 1607-9992 60.00
1607-P102 Transistor Mount {JETEC-30, 0.200 in. D

pin circle, grounded emitter, for TO-5, 9-,

-11, -39, and similar packages) 1607-9993 60.00
1607-P111 Transistor Mount (0.100 in. D pin circle,

grounded base, for TO-1, -18, -23, -24,

and similar packages) 1607-9994 65.00
1607 -P201 Tube Mount {7-pin miniature, grounded

cathode, for Type 6AN4 and similarly

based tubes) 1607 -9995 75.00
1607-P401 Tetrode Transistor Mount {0.200 in. D

pin circle, grounded base, for TO-12 and

similar packages) 1607-9996 65.00
1607-P601 Ungrounded Component Mount 1607-9997 25.00

PATENT NOTICE. See ivote 4, page viii.
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COAXIAL INGTRUMENTS AND FAIMPANENTS

The inductance, capacitance, and radiation of ordinary
wire leads make them unsuitable for most circuit applica-
tions at vhf and above. When they are arranged as con-
centric lines with uniform spacing, lead radiation and
stray-field effects are eliminated, and inductance and
capacitance are distributed uniformly. This coaxial-line
arrangement also ideally has a constant value of character-
istic impedance due to the uniform distribution of in-
ductance and capacitance. One value of characteristic
impedance — 50 ohms — has been widely adopted.

General Radio coaxial components are built around a
standard 9{g-inch-diameter rigid air line with a charac-
teristic impedance of 50 ohms. While rigid line closely
approximates the ideal, flexible coaxial cable (with solid
dielectric between the conductors) is required for a variety
of practical situations. Connectors compatible with a
broad range of flexible cable sizes are available to supple-
ment the basic air-line components.

Measurements at these frequencies pose special problems
which are most readily overcome by use of coaxial tech-
niques; the basic general-purpose coaxial instrument is
the slotted line (see page 65). Bridge-type circuits built in
coaxial-line form are also used for measurements at very-
high and ultra-high frequencies. Instruments of this type
are the Admittance Meter and the Transfer-Function and
Immittance Bridge (see pages 54-57).

In coaxial measurements, even minor variations in the
characteristic impedance anywhere in the system introduce
reflections of incident energy and set up voltage standing-
wave (Vewr) patterns, which reduce system precision

DC TO MICROWAVE

and increase frequency sensitivity. Careful design, close-
tolerance production, and exacting quality control are
required to achieve the consistently low vswr that is
characteristic of General Radio coaxial components.

Since coaxial instruments are no better than the con-
nectors used with them, the core element of any family
of coaxial devices is the connector. It must combine
repeatable, low-reflection performance with ruggedness
and ease of use. Fifteen years ago General Radio developed
the TyPE 874 connector series, which uniquely meets those
requirements in general laboratory use. Through the years
the Type 874 design has undergone many refinements
and has been extended to a host of new applications. In
that time it has become standard on all GR instruments
requiring a coaxial terminal and has been the basis for
the development of a broad line of coaxial instruments
and accessories of ever-increasing accuracy.

To meet the growing need of standards laboratories for
even higher accuracy, General Radio has developed a
practical, ultra-precision, coaxial connector and associated
instruments and accessories. This new line (see page 74)
is based on the Type 900-BT Precision Coaxial Connector.

For maximum utilization of instruments and for the
construction of developmental and measurement circuits,
many different types of coaxial elements are required.
The General Radio line of coaxial connectors, adaptors,
terminations, filters, attenuators, isolators, detectors, fixed
and adjustable air lines, tees, elbows, and other accessories
includes most types of commonly used coaxial-circuit
components.

1 IGLIRIVIE LWURIGI COMPONeENTs in tne Iype YUU series are described on pages 74—77.
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'ype 874 SERIES COMPONENTS

A comprehensive line of coaxial components and
instruments for general laboratory use comprises the
General Radio TypE 874 series. All elements have a
characteristic impedance of 50 ohms, and most have
a low vswr from de through 7 Ge. By virtue of its
broad line of connectors and low-reflection adaptors,
the TypE 874 series can be combined with most repre-~
sentative military-type coaxial-cable and -connector
series and with larger air lines. Power-handling and
peak-voltage capabilities for the entire line appear in
the adjacent figure and the chart below.

Since a coaxial connector is very much a part of a
transmission line, it must not significantly add to the
vswk of the line. The General Radio Type 874 Coaxial
Connector, designed primarily for use in measurement
systems, offers excellent performance in this respect as
well as unmatched mechanical convenience. It possesses
the lowest reflection characteristics of any standard,
general-purpose, 50-ohm coaxial connector in its frequency
range. Typically, its vswr performance is superior to that
of the most highly regarded military-type connector in
common laboratory use, as is demonstrated by the curves
given in the adjacent figure.

Lz

110
CURRENT TYPE N
108 BN

«

2106 i I

X ~1 =T >
1.02 ad E NS
1.00 TYPE 674-B
: 30 40 50

FREQUENCY-Ge

Typical VSWR of
pairs of Type 874-B
and -BL Connectors
compared with a
pair of the latest
standard type-N
connectors.

0 1.0 6.0 70

A unique mechanical advantage is that any two of these
connectors, although identical, can be plugged together,
eliminating the inconvenience so often encountered with
the usual plug-jack type connectors. This hermaphrodite
feature, plus the fact that Tvyre 874 connectors merely
plug together without twisting, makes them the easiest~
to-use coaxial connectors available. These connectors can
be used with air lines, with most types of coaxial cables
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(on patch cords or panel mounted), with single-wire
solder terminals, and as panel feedthroughs.

The basic elements of the Typr 874 Coaxial Connector,
as shown in the exploded view, are an inner conductor,
an outer conductor, a supporting polystyrene bead, a
phosphor-bronze retaining ring, and a threaded coupling
nut. All metal parts are machined and formed to extremely
close tolerance from hard-drawn brass, except for the
center conductor, which is made of heat-treated beryllium
copper to ensure good gripping capability and wear. An
Albaloy finish on all surfaces produces high-conductivity
for low loss and gives long-lasting tarnish resistance and
durability.

Inner and outer conductors are similar in principle;
each is essentially a tube with four longitudinal slots in
one end, with two opposite quadrants displaced inward.
When two connectors are joined, the undisplaced quadrants
of one overlap the displaced quadrants of the other and
form circular inner and outer surfaces. The overlapping,
as well as the circularity of the joined connectors, can be
seen In the cutaway view.

*PATENT NOTICE. See Note 4, page viii,

Detail parts of basic
Type 874 Connector.
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lf'ype 874-LBA SLOTTED LINE

Highly accurate but reasonably priced.
Rugged enough for production use.

Integral probe and crystal.

Wide frequency range, 300 Mec to 5 Ge.
Wide variety of accessories available. )
Low-reflection adaptors available to connect to most coaxial-connector series.

One of the most important basic measuring instru-
ments used at uhf and above is the slotted line. With it,
vsWR, phase of the reflected wave, impedance or admit-
tance of the load, wavelength of the rf signal, losses in
attached elements, degree of mismatch between load and
line, and other characteristics of antennas, components,
coaxial elements, and networks can be determined.

The Tyre 874-LBA is ideally suited for general-purpose
measurements where accuracies of a few percent are
sufficient. The TypE 900-LB Precision Slotted Line (page
76) is available for users requiring accuracies of a few
tenths percent.

Measurements can be made on balanced lines and com-
ponents with the aid of a Tyer 874-UBL Balun (page 73).

Characteristic Impedance: 50 ohms + 0.5,
Probe Travel: 50 cm. Scale in centimeters; each division is 1 mm.
Scale Accuracy: + (0.1 mm +0.05%).

Frequency Range: 300 Mc to 5 Ge. At 300 Mc, the slotted line covers a
half wavelength. Operation below 300 Mc is possible with slightly
reduced accuracy by use of lengths of TypE 874 Air Lines (page 71).

Constancy of Probe Pickup: +1.5%,.

Residual VSWR: Less than 1.025 at 1 Ge, 1.04 at 2 Ge, 1.055 at 3 Ge,
1.07 at 4 Ge, 1.1 at 5 Ge.

Accessories Supplied: Storage box and spare drive cable.

Accessories Required: Adjustable Stub (Tvyre 874-D20L) for tuning
the crystal rectifier when audio-frequency detector or microammeter
i~ =~~1; suitable detector and generator; one each, Tyre 874-R22LA

fype 874-LV MICROMETER VERNIER

For precise measurements of large vswr by the width-
of-minimum method, and for precise phase measurements.
Consists of a micrometer head calibrated in centimeters
(calibrated to 0.001 ¢m), mounted on an arm that can be
attached to the rear base rod of the slotted line. One turn
of the micrometer barrel advances the head by 0.5 mm.
Maximum range is 2.5 cm. Can be read to +0.002 mm.

Net Weight: 8 ounces (230 grams).

The Typr 874-LBA Slotted Line is a 50-
onm air-dielectric, coaxial line whose electric field is
sampled by an integral probe that projects through a
longitudinal slot in the line. Probe couplirg is adjustable.
The probe carriage is driven by a pulley-and-cord arrange-
ment conveniently operated from one end of the line, and
can be precisely set. A source of about one milliwatt rf
power is adequate for most measurements; suitable gener-
ators are listed on the next page. A crystal rectifier is
built into the carriage and can be tuned to the operating
frequency by means of an adjustable stub. Three suitable
types of detector are described on the next page.

and Tyre 874-R22A Patch Cords, for generator and detector con-
nections.

Accessories Available: A complete slotted-line kit is described on
page 66. For measurement of vswr greater than 10, a Type 874-LV
Micrometer Vernier is recommended. Smith Charts are listed below.
Adaptors are listed on page 64.

Dimensions: 26 by 414 by 314 inches (660 by 115 by 89 mm).

Net Weight: 814 pounds (3.9 kg).

Shipping Weight: 23 pounds (10.5 kg).

Type Zode Numbe Price
874-LBA Slotted Line 0874-9650 3255.00
874.LV Micrometer Vernier 0874-9652 37.50

SMITH CHARTS

The Smith Chart facilitates measurements made with
the TypE 874-LBA Slotted Line. It can be used to deter-
mine the impedance corresponding to any veswwr and to
convert from impedance to admittance, and vice versa.
Four forms of Smith Chart are available; see below. Those
with normalized coordinates are for use with lines of any
impedance. The 50-ohm characteristic impedance (20-
mmho characteristic admittance) is common to all General
Radio coaxial equipment. Charts are 814 by 11 inches.

Code Number Quantity Price

Smith Chart — Admittance Coordinates (20-mmho 5301-7568Y 50* $ 2.00

characteristic admittance) 100 3.75

Smith Chart —.Irtlp'edance Coordinates (50-ohm 5301-75692 200 7.00
characteristic impedance)

Smith Chart — Normalized Coordinates 5301-7560N 500 14.00

Smith Chart — Normalized Expanded Coordinate: 5301-7561NE 1000 25.00

* Minimum quantity sold.

Type 874-1BA Slotted Line with Type 874-LV Micrometer Vernier.
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'LOTTED-LINE ACCESSORIES

GENERATORS

Oscillators covering the frequency range of the slotted line are
described on pages 112 to 118, They can be square-wave modulated
at 1 ke with the Type 1264-A Modulating Power Supply. For use
at the higher frequencies, both the Type 1220-A Unit I{lystron
Oscillator and the Type 1360-A Microwave Osecillator have internal
1-ke square-wave modulation. Where a calibrated output is desired,
a standard-signal generator (such as the Typr 1021-AU, page 124)
can be used. To modulate any of these generators at frequencies
other than 1 ke, the Type 1210-C Unit R-C Oscillator (page 105)
is recommended.

DETECTORS

Any one of three types of detector can be used with the slotted
line. The heterodyne detector is an excellent general-purpose instru-
ment. The General Radio Type DNT Detectors cover the frequency
range from 40 to 2030 Mec (up to § Ge by the use of harmonies).

STANDING WAVE
874-D20L iNDICATOR
TUNING

TYPE 1360-A
MICROWAVE OSCILLATOR sTuB

T
[ NS
5“’“@

o0

Typical measurement setups show-
ing use of slofted line, VSWR

Each Type DNT system includes local oscillator, i-f amplifier,
mixer, filter, attenuator pad, and ell (see page 81).

The simplest suitable detector is a microammeter used with the
slotted line’s built-in crystal. Its sensitivity is low, but satisactory
with high-power oscillators. Excellent results can be obtained with a
50-microampere meter and oscillator power levels between 100 milli-
watts and 20 watts, for vSwr between 1 and 5. A Type 874-D20L
20-centimeter Tuning Stub is required. A meter-sensitivity control,
consisting of a 10-kilohm variable shunt resistor, is recommended.

Most popular vswr indicators will serve as satsfactory detectors
with the Type 874-LBA. Use of such a detector requires that the
generator be modulated at 1 ke. Also, a Type 874-D20L 20-centi-
meter Stub is required for tuning.

FILTERS AND ISOLATORS

A low-pass coaxial filter should be used between generator and slot-
ted line to eliminate harmonies of the signal source. Anisolator prevents
load-generator interaction. See page 68 for complete specifications.

-
| STANDARD RECEIVER
| OR TYPE DNT
1, DETECTOR MADE
" MADE UP OF

INDICATED PARTS

TYPE 1216-A
1-F AMPLIFIER

CILLATOR
B74-R22A OSCILLATOH
FETGH CORD

UNIT
OSCILLATOR

|
|
i
|
|
|

<y nzac '>ABT7C<H-RC202;D indicator (left), cmd. heterodyne sra-rzzLAl | ooweR supRLy
S on detector (right). e < Ty T o
0= E = — }g—‘_—%—q\f
FILTER -’ ~ j T LOWN-PAsS ' I
ahang 874-LBA SLOTTED LINE power  FILTER L goEA
ATTENUATOR SuPPLY ATTENUATOR
JOAXIAL KITS
TYPE 874-EKA BASIC SLOTTED-LINE KIT Type Quantity Price
For impedance and vswr measurements with the slotted line, a 874-QNJL Adaptor, Locking, Connects
group of coaxial elements is available as the Type 874-EKA Basic type N Plug 1 $6.00
Slotted-Line Kit. The Tyre 874-LBA Slotted Line is included in the 874-QNP  Adaptor, Connects fo fype | . 5.00
kit, but the generator and detector are not. 874-R22A 'u!J:thCord 1 ‘0:00
Shipping Weight: 38 pounds (17.5 kg). 874-R22L,  'aich Cord, Locking 1 12.00
874-R34 'atch Cord 1 6.00
Type Q Price 874-TL ‘ee, Locking 1 15.00
- —_— 874-W50 10-ohm Termination 1 18.50
874.A2 oaxial Cable $10.00 874-WN thort-Circuit Termination 1 3.50
874-A3 oaxial Cable 5.00 874-WO dpen-Circvit Termination 1 2.50
874-BL asic Connector, Locking 6.50 874-TOK ‘a0l Kit 1 25.00
874-B asic Connector 4,50 874.-7 itand 1 19.50
874-CA able Connector 6.00
874-C8A able Connector 6.00 Type yde Numbe Price
STAeaA  obiS Sonnecior Locking pped 874-EKA  lasic Slofted-Line Kit 1874-9521)  513.75
874-CL584 able Connector, Locking 8.00
874-D20L .djvstable Stub 16.00 KITS FOR CABLE MEASUREMENTS
874-D50L .djustable Stub 19.00 Various combinations of Type 874 coaxial elements can be used
874.-LAL \djustable Line 27.00 very effectively with Unit Instruments and associated equipment, to
874-LBA lotted Line 255.00 measure attenuation, characteristic impedance, velocity of propaga-~
874-PL584  anel Connector, Locking 4.00 tion, and capacitance of both coaxial and twin-conductor cables.
874PRL58:  anel Connector, Locking For convenience in ordering, the necessary equipment is offered
Recessed 4.00 in assemblies for specific types of measurement. These kits and their
874-QBJL .daptor, Locking, Connects t use are described in Reprint E-104, “The Measurement of Cable
type BNC Plug 5.75 Characteristics,” available on request.

)AXIAL CABLES

TYPE 874-A2 COAXIAL CABLE Flexible, double-shielded, bulk cable.

Consists of No. 14 stranded inner conductor separated from the two

tinned-copper braids by 0.250-inch op polyethylene dielectric and a

0.365-inch op gray polyvinyl-chloride jacket.

Characteristic Impedance: 50 ohms + 59.

Nominal Capuacitance: 29 pf per foot.

fdée:nuuﬁon: 2.6 db per 100 feet at 100 Mc; 10.5 db per 100 feet at
c.

Propagation Velocity Factor: 669.

Net Weight: 234 pounds (1.3 kg) per 25 feet.

TYPE 874.-A3 COAXIAL CABLE Same as TYPE 874-A2 except inner
conductor is 19 strands of 0.0066-inch tinned, soft-copper wire,
separated from the double braid by 0.116-inch op polyethylene di-
electric, and a 0.206-inch op black polyvinyl-chloride jacket. More

flexible than the Type 874-A2, but losses are higher. Recommended
for most general-purpose applications.

Characteristic Impedance: 50 ohms + 59,

Nominal Capacitance: 29 pf per foot.

Attenuation: 5.3 db per 100 feet at 100 Mc; 22 db per 100 feet at
1 Ge; 45 db per 100 feet at 3 Ge.

Propagation Velocity Factor: 667,

Net Weight: 1 pound (0.45 kg) per 25 feet.

Type Jode Numbe: Price
874-A2 Coaxial Cable 0874-9500 $0.60/ft
'0.40/ft in lengths of
25 ft or more)
874-A3 Coaxial Cable 0874-9501 0.35/f1

'0.20/ft in lengths of
25 £t or more)
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‘ype 874-GAL ADJUSTABLE ATTENUATOR

A waveguide-below-cutoff type, useful as a calibrated
attenuator or as a sampling device. It is calibrated in
decibels on a micrometer-type scale. Absolute attenuation
is the sum of insertion loss and scale reading. The main line
is a short coaxial section with locking connectors, one end
for source and the other for load. It introduces minimum
discontinuity when inserted in a 50-ohm line. The loop
output is brought out through three feet of 50-ohm cable.

Can be used with Typr 874-VR/VRL Voltmeter Recti-
fier and Type 874-VI Voltmeter Indicator to convert a
Unit Oscillator (pages 112 to 118) into a signal generator.

Calibrated Range: 120 db (relative attenuation) with input line termi-
nated in 50 ohms; 129 db with input line terminated in adjustable
stub to minimize the electric field at the coupling point (scale reads
—9 to 120 db).

Insertion Loss (from input connector to end of output cable at 1 Ge,
when signal source impedance is 50 ohms):

With input line terminated in 50 ohms, and scale sel at 0 db, 33 + 2 db;
set at —9 db, 18 + 2 db (settings below 0 are not accurate).

With input line terminated in adjustable stub (which extends the range
over which the calibration is accurate to the — 9 db scale seiting), 20 + 2
db minimum.

(Insertion loss is approximately inversely proportional to fre-
quency up to 1 Ge.)

.16
114 !

iz B74-GAL/\
1.10 / \
/1A

1
Z 1.08
. /
1.06
| T~
1.04 ——
1.02 __L/
-0 | 2 3 4 5 3 7

FREQUENCY—-Gc
Typical main-line VSWR of Type 874-GAL Adjustable Attenuator,

(Specifications in red.)

Insertion Loss Directly Through Tee: Negligible.
Accuracy of Attenuation:

Stub-terminated input, + (0.01 times difference in attenuation read-
ing +0.2) db, direct reading.

50-ohm terminated input, + (0.015 times difference in attenuation
reading + 0.2) db, when corrected. Correction chart supplied.
VSWR Introduced into Line: Less than 1.03 at 1 Ge; less than 1.12
between 1 and 4 Ge.
VSWR of Output: Less than 4 at 1 Ge, less than 5 to 4 Ge.
Maximum Power: Input power inversely proportional to square root
of frequency, and should not exceed 300 watts at 1 Ge. Output power
should not exceed 14 watt.
Frequency Range: 100 Me¢ to 4 Ge.

‘ype 874-G FIXED ATTENUATORS

2.00

1.90 ﬁ‘;—

1.80 > B874-G6

1.70 // =

874-GlO

1.60 — >
£ 1.50 . > /: Typical VSWR of
2 Type 874-G Atten-

A uators.  (Specifica-

tions in red.)

1.3C

I

T\ AN
|8

[

[P i s =14
ool

FREQUENCY—Gc

Single-section, T-type resistance pads, for adding fixed
attenuation in 50-ochm systems and for matching to 50
ohms over a broad frequency range. Consist of one disk and
two cylindrical resistors, as shunt and series elements,
respectively. Available with regular or locking TyprE 874
connectors.

DC Resistance: 50 onms *+ LY when termunated in 50 ohms.

VSWR: Less than 1.1 to 1 Ge, 1.2 to 3 Ge for all units; to 4 Ge, less
than 1.3 for -G20, 1.35 for -G10, and 1.4 for -G3 and -G6.

Accuracy in 50-ohm System: +1.59, of nominal at de; +0.2 db from
value indicated on curve to 1 Ge, +0.4 db to 2 Ge, £0.6 db to 4 Ge.
Temperature Coefficient: Less than 0.0003 db/°C/db.

Maximum Power: CW — 1 watt; pulse — 3000 watts peak, 1 watt
average.

Physical Length: 314 inches (90 mm), over-all.

Type Net Weight Code Number Price
874-GAL Adjustable Attenuator 1% Ib (0.6 kg) 0874-9577 $67.00
874-G3 Fixed Attenuator (3 db) 3 oz (85 grams) 0874-9564 36.00
874-G3L Fixed Attenuator (3 db), locking connectors 4 0z {115 grams) 0874-9565 38.00
874.G6 Fixed Attenvator (6 db) ) 3 oz (85 grams) 0874-9568 30.00
874-G6L Fixed Attenuator (6 db), locking connectors 4 oz (115 grams) 087 4-9549 32.00
874-G10 Fixed AHtenuator (10 db) 3 oz (85 grams) 0874-9570 30.00
874-G10L Fixed Attenvator (10 db), locking connectors 4 oz (115 grams} 0874-9571 32.00
874.G20 Fixed Attenyator (20 db) 3 oz (85 grams) 0874-9572 30.00
874-G20L Fixed Attenuator (20 db), locking connectors 4 0z (115 grams) 0874-9573 32.00

+

b

ATTENUATION- DB

2
FREQUENCY—Ge

TYPF R74-GA~ s B TR -

Type 874-G3L

e

gt
Type 874-GAL
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' TANDARD TERMINATIONS

TYPE 874-W50 50-CHM TERMINATION A 50-ohm cylin-
drical resistor mounted in a tapered coaxial holder, useful
for impedance matching, establishment of reference
conditions, and terminations. Locking- and nonlocking-
connector versions available.

DC Resistance: 50 ohms + 0.5%,.
Maximum Power: 2 watts continuous.
VSWR: Less than 1.06 at 4 Gce; see curve.

TYPE 874-WN SHORT-CIRCUIT TERMINATION A fixed
shorting strap mounted in a connector, for establishing
reference conditions on coaxial lines and for use in sub-
stitution measurements.

TYPE 874-WN3 SHORT-CIRCUIT TERMINATION Used
same as Type 874-WN. The short circuit is at a point
3 em (3.2-cm electrical distance) beyond the face of the
bead in the TYPE 874 connector. This distance corresponds
to the distance between the bead and the ground plane
of the Type 874-ML Component Mount (see page 72)
and the effective distance between the bead and the bal-
anced terminals in the Typr 874-UBL Balun (see page 73).

TYPE 874-WO OPEN-CIRCUIT TERMINATION A shielding
cap for open-circuited lines, for establishing reference
conditions on coaxial lines, and for use in substitution
measurements. Produces an open circuit at same point in
line that TvrEe 874-WN produces a short circuit.

.16 | I

114 ] A

L2 ¥

Lo SPEC\FICA‘[ION

< los By ]
VSWR of b - A
Type 874-W50. > 106 X
104 <
TYPICAL
102 e ] h
|'ooo 1 2 3 4 5 6 7

FREQUENCY GC

TYPE 874-WO3 OPEN-CIRCUIT TERMINATION Same as
TyrEe 874-WO, except that position of open circuit cor-
responds to position of short circuit in Tyre 874-WN3.

TYPE 874-W100 100-OHM COAXIAL STANDARD Pro-
duces known resistive termination at specific locations on
coaxial lines. Useful for checking accuracy of directional
couplers, bridges, and admittance meters. The known
location of the purely resistive termination permits the
production of many known complex impedances through
the addition of sections of TyeE 874-L Air Line (page 71).

DC Resistance: 100 ohms + 1.

Maximum Power: 14 watt continuous, 150 watts peak.
TYPE 874-W200 200-OHM COAXIAL STANDARD Same
as Tyre 874-W100 except standard resistance is 200 ohms,

DC Resistance: 200 ohms + 19,
Maximum Power: 14 watt continuous, 50 watts peak.

Type el Wit* ‘ode Numbe  Price R — R (e S R
x 20 e e
874-W50 30-0hm Termination V2 oz 0874-9952 318.50 A iyl v “I/: i
874-W50L 50-ohm Termination, locking oz 0874-9953 19.50 = | GLACCURACY LiMiTS VSWR OF TYRICAL INIT =~ e — "2
874-WN ihort-Circuit Termination oz 0874-9970 3.50 T ) -
874-WN3 thort-Circuit Termination V2 oz 0874-9972 5.50 « !__r___l___l___[__‘_‘__‘ i 8
874.WO Jpen-Circuit Termination oz 0874-9980 2.50 = 40»—&————&;—4__‘1?{':\\_‘/“ -
874-W03 dpen-Circuit Termination V2 oz 0874-9982 4.00 2 181—“””7” o e =%
874-W100 100-ohm Coaxial Standard oz 0874-9956 35.00 et [ e =
874-W200 100-ohm Coaxial Standard oz 0874-9958 35.00

* To convert ounces tu x.ams, multiply by 28.

Typical VSWR of Types 874-W100 and -W200.

)ATCH CORDS

These coaxial patch cords meet the need for flexible
connections in measurements work. All are 3 feet long
and are terminated in representative General Radio con-

nectors, The Tyres 874-R20A and -R22A Patch Cords
have very low vswr characteristics (see curves) and are
available with either locking or nonlocking connectors.

o Cable Connectors engtl Freq Net Code

o8 WA I Type Type Used Braic  Feet) Range W Number  °rice

¥ - = L
2106 /J‘ - - TIPE:FRZZA = 874-R20A 374-A2 374-CA Joubl: 3 -7G "oz 874-968¢ 11.00
§|.04 — 4 i —& 874-R20LA 374-A2 374-CLA doubl: 3 -7G ? oz 874-968° 13.00

ol fe” _ | 874-R22A  374-A3  374.C58A doubli 3 -7G loz 874968 10.00

|00V l 874-R22LA B74-A3  374-CL58A Joubl¢ 3 -7G 5 oz 187 4-968! 12.00

CRN ooy & © 874-R33 Coaxial 374-C58A & 274-N  ingle 3 —  ho 874969  6.00
Average VSWR of Types 874-R20A and 874-R34 Coaxia 874-C58A & 274-N Single 3 — 32 o 187 4-969: 6.00
-R22A, *To convert ounces to grams, multiply by 28.
874-R34
&
oo s —— ~. W, = T @
874-WN3 874-WO 874-WO3 %@7 874-R22LA é%' 874-R20A
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'IXED AND ADJUSTABLE AIR LINES

TYPE 874-L RIGID AIR LINES For spacing stubs or other
elements of a coaxial system; also useful as time-delay
elements. Each air linc consists of a length (10, 20, or
30 cm) of 50-ohm, air-dielectric coaxial line with a TYpPE
873 coaxial connector, either regular or locking, at each
end.

TYPE 874-LAL ADJUSTABLE LINE An air-dielectric co-
axial line that can be telescoped to change its length.
Used in matching networks, as a phase shifter, and as a
variable time-delay element. Contacts are made by multi-
ple-spring fingers. Connectors are locking TypE 874.

Characteristic Impedance: Not constant — approximately 50 ohms
when fully collapsed, approximately 57 ohms when fully extended.

Adjustment Range: 25 cm.
Physical Length: 33 ¢m (minimum) to 58 cm (maximum).

TYPE 874-LK CONSTANT-IMPEDANCE ADJUSTABLE
LINES A line stretcher with a very low vswr and a uniform
characteristic impedance of 50 ohms. Especially useful for
eliminating the usual Smith-chart corrections for length of
line between unknown and impedance-measuring device.
These lines are useful as impedance-matching transformers
and phase-adjustment elements in coaxial systems. Thus
the Type 1602-B UHF Admittance Meter can be made to
read impedance by adjustment of the over-all line length
to an odd multiple of a quarter wavelength. Locking
TyrE 874 connectors on both ends.

Characteristic Impedance: 50 ohms.

Adjustment Range: Type 874-LKI10L — 10 cm (half wavelength at
1.5 Ge); Type 874-LK20L — 22 cm (half wavelength at 680 Mec).
Physical Length: TyrE 874-LK10L — 35 em (minimum) to 45 cm
(maximum); Type 874-LK20L — 58 cm (minimum) to 80 cm
(maximum).

VSWR: TypE 874-LK20L — Less than 1.03 at 500 Mc, less than 1.06
at 1 Ge, less than 1.08 at 1.5 Ge, less than 1.10 at 2 Ge. Type 874-
LK10L — same as Tyre 874-LK20L to 2 Ge, less than 1.15 at 3 Ge,
less than 1.2 at 4 Ge, less than 1.25 at 5 Ge.

T1/X

150
874-LAL

Typical VEWR of
Types 874-1LAL

and -LK10L. i

_ VSWR
5
\

.20

(Specifications 874-LKIO

are shown in 0
red for 110 [—— o /
Type 874- P /
LK10L.) - N
Lao; | A >

3 4
FREQUENCY GC

TYPE 874-LTL TROMBONE CONSTANT-IMPEDANCE AD-
JUSTABLE LINE With this line stretcher, built like a
trombone slide, the user can vary the length of a 50-ohm
transmission line between two fixed terminals without
moving the terminals or using flexible cable. Consists
of two Type 874-LK20L Adjustable Lines mounted in
parallel and joined at one end by a u-shaped section to
form a rigid assembly. Can be plugged into two adjacent
TyrE 874 coaxial connectors or inserted in a line by means
of two ells (not included) when installed vertically to save
bench space. Low vswr. An excellent phase shifter.
Characteristic Impedance: 50 ohms.

Frequency Range: DC to 2 Ge (Type 874-LK10L is recommended
above 2 Ge).

Adjustment Range: 44 cm (half wave at 340 Me).

Physical Length: 61 cm (minimum) to 83 em (maximum).

Spacing: 134 inch between centers.
VSWR: Less than 1.10 to 1 Ge, and 1.25 to 2 Ge.

Type Net Wi* Code Numbe Price
874-L10 10-em Air Line 22 oz 0874-9604 $ 8.50
874-L10L 10-em Air Line, locking connectors 3V2 oz 0874-9605 10.50
874-L20 20-cm Air Line 4 oz 0874-9608 9.00
874-L20L 20-cm Air Line, locking connectors 52 oz 0874-9606 11.00
874-L30 30-cm Air Line 6Y2 oz 0874-9612 9.75
874-L30L 30-cm Air Line, locking connectors 72 oz 0874-9613 11.75
874-LAL Adjustable Line 10 oz 087 4-9621 27.00
874-LK10L 10-cm Constant-Impedance Adjustabie Line 9 oz 0874-9627 42.00
874-LK20L 22-cm Constant-lmpedance Adjustable Line 15 oz 0874-9631 42.00
874-LTL Constant-Impedance Trombone Line 2% Ib 0874-9645 97.00

* To convert ounces to grams, multiply by 28; to convert pounds to kilograms, divide by 2.2.
A 874-120

874-1LAL

¥/4-LI1L

ST W S 08
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COYAXIAL

72

;OUPLING ELEMENTS

TYPE 874-K COUPLING CAPACITOR (DC Block) A short
length of coaxial line having a disk capacitor in series
with the inner conductor. High frequencies are trans-
mitted with small reflections, but d¢ and low audio fre-
quencies are blocked. Available with regular or locking
connectors.

Coupling Capacitance: 4700 pf — 209, 4 50%.

VSWR: Less than 1.06 at 1 Ge, 1.15 at 2 Ge, 1.3 from 2 to 4 Ge.
Voltage Rating: 500 volts.

Length: 3 inches (77 mm).

TYPE 874-LR RADIATING LINE Leakage coupler for
fields within a coaxial system. Short coaxial line with
opening in outer conductor that can be partly or com-
pletely covered by a rotatable sleeve.

VSWR: Closed, less than 1.10 at 1 Ge, less than 1.4 at 3 Ge, and less
than 1.35 at 4 Ge.
Length: 434 inches (112 mm).

TYPE 874-MB COUPLING PROBE Flectrostatic probe
consisting of a binding post mounted on a TypPE 874 co-
axial connector.

Over-all Length: 3 inches (77 mm).

TYPE 874-EL 90° ELL Convenient right-angle line section
with Type 874 coaxial connector at each end. Available
with either regular or locking connectors.

Characteristic Impedance: 50 ohms.

Electrical Length: Approximately 7 cm.

VSWR: Less than 1.06 at 2 Ge; less than 1.15 at 4 Ge.
Dimension: 214 inches (57 mm) on a side.

TYPE 874-JR ROTARY JOINT Used when one part of a
coaxial system must be rotated with respect to another
part. Not for motor-driven applications.

VSWR: Less than 1.06 at 1 Ge; less than 1.3 at 4 Ge.

Length: 214 inches (64 mm).

TYPE 874-T TEE For connecting stubs and other elements
in shunt with a coaxial line. Available with regular or
locking TYpE 874 connectors.

Dimensions: 334 by 214 inches (86 by 58 mm).

TYPE 874-X INSERTION UNIT A hollow cylinder fitted
with a TyprE 874 connector at each end and with a sleeve
that slides back to provide access to a space about 2 inches

874-K
1.30
/ [ere-w
Typical VSWR of ,I‘ &0 1 /// AN
Types 874-K, -EL, and z LT 7 N
i . 2 o N
-JR. {Specifications are 1 10— = — —
shown in red.) L -9 -7 lgra-EL| T
e e
1.00! l L L 1 - |

FREQUENCY-GC

long and 9/16 inch in diameter. In this space may be
mounted arrangements of small components, such as re-
sistors, capacitors, or inductors. The insertion unit can be
used as a shielded housing for impedance-matching net-
works, attenuator pads, vhf transformers, filters, and
many other networks. It offers excellent shielding, mini-
mal discontinuity in the line, and convenience.

Length: 434 inches (115 mm).

TYPE 874-Y CLIPLOCK A cylindrical spring that can be
slipped over nonlocking TYrE 874 connectors to provide a
secure lock, preventing accidental disconnection.

TYPE 874-ML COMPONENT MOUNT A shielded enclosure
with jack-top binding posts inside, a locking Type 874
coaxial connector outside, for convenient mounting of
small components being measured. Use of mount minimizes
lead reactance and stray capacitance in impedance meas-
urements of circuit elements and networks from de to
5 Ge. Connects directly to Typr 874-L.BA Slotted Line,
Tyee 1602-B UHF Admittance Meter, Type 1607-A
Transfer Function and Immittance Bridge, Tyre 874-LK
Adjustable Lines, and all GR coaxial elements.

Supplied with the mount are short- and open-circuit
terminations to simplify determination of corrections for
length of line between measuring point and component
being measured.

Frequency Range: DC to 5 Ge.

Accessories Supplied: One Typr 874-WN3 Short-Circuit Termination,
one Type 874-WO3 Open-Circuit Termination.

Accessory Recommended: One TypE 874-L.K20L Constant-Impedance
Adjustable Line (page 71) for use with Tyer 1602-B UHF Admit-
tance Meter,

Dimensions: Diameter 3 inches (77 mm); height of shield can, 254
inches (67 mm).

Type Net Wt* Code Number Price
874-K Coupling Capacitor 20z 0874-9596 $10.50
874-KL Coupling Capacitor, locking connectors 3oz 0874-9597 12.50
874-LR Radiating Line 4 0z 0874-9660 12.00
874-MB Coupling Probe 1oz 0874-9666 5.00
874-EL 90° Ell 2Y2 oz 0874-9526 9.50
874-EL-L 90° Ell, locking connectors 3oz 0874-9527 11.50
874.JR Rotary Joint 3oz 0874-9590 16.00
874.T Tee 4 oz 0874-9910 12.00
874.TL Tee, locking connectors 50z 0874-9911 15.00
874-X Insertion Unit 3oz 0874-9990 13.00
874-Y Cliplock 1 0z/10 0874-9992 10 for 2.50
874-ML Component Mount 10V2 oz 0874-9663 29.50

*To convert ounces to grams, multiply by 28, - ™ s T T
el 874-EL 874-Y i S oraem

www americanradiohistorv com


www.americanradiohistory.com

Type 874-UBL BALUN

The Type 874-UBL Balun is a tuned coaxial transformer
with a 4:1 ratio that permits measurements on balanced
devices with generally available coaxial and grounded
measuring equipment. The balun converts 50-ohm coaxial
line to 200-ohm balanced line. Thus, the 200-ohm balanced
line can be treated as an extension of the 50-ohm line of the
measuring device. Used with the Tyre 874-LBA Slotted
Line, the Tyre 1602-B UHF Admittance Meter, or the
Typr 1607-A Transfer-Function and Immittance Bridge,
it permits measurements on balanced components from
54 Mec to 1 Ge without appreciable insertion loss or trans-
formation error. When the balun is used with the admit-
tance meter and a Type 874-LK Constant-Impedance
Adjustable Line, the admittance meter reads balanced
impedance.

The balun converts from unbalanced to balanced by
using an artificial half-wave line, adjusted for operation at
a particular frequency by means of shunt tuning elements.
These elements, listed below and described on page 68,
are not supplied with the balun but should be ordered
separately.

Frequency Rang Tuning Elements Required Page Ref
Mc

54 - 88 Type 874-VCL and 2 Type 874-XL 68

88 — 140 Type 874-YCL and 2 Type 874.130 68,71
140 - 174 Type 874-VCL and 2 Type 874-120 68,71
174 - 216 Type 874-VCL and 2 Type 874-L10 68,71
170 - 280 Type 874-D50L and 2 Type 874-L30 68,71
225 - 280 Type 874-D20L and 2 Type 874-L30 68,71
275 — 380 Type 874-D20L and 2 Type 874-120 68,71
350 - 525 Type 874-D20L and 2 Type 874-L10 68,71
470 ~ 1000 Type 874-D20L 68

F]l:')equency Range. v= Mec to 1 Ge with accessory elements as listed
above.

Dimensions: 334 by 334 by 234 inches (79 by 81 by 60 mm), over-all
per assembly.

Accessories Supplied: One Tvpr 874-UB-P1 300-chm Terminal, one
TypE 874-WN3 Short-Circuit Termination, one Tyee 874-WO3
Open-Circuit Termination.

Other Accessories Recommended: One Tyre 874-LK20L Adjustable
Line (for use with the Typr 1602-B UHF Admittance Meter), one
TypE 874-Z Stand, and tuning elements listed above.

TYPE 874-BM 300-OHM BALANCED TERMINATION
Termination for 300-ohm lines under test.

DC Resistance: 300 ohms + 59%,. Frequency Range: DC to 1 Ge.
VSWR: 1.2 to 900 Mec.
Dimensions: 2 by 2 by 214 inches (51 by 51 by 64 mm), over-all.

SALUN AND ACCESSORIES

T | [ ] L]
o ;! .3 i ~ -
=2 B, = = 9 i
» . n AR A
> N > o=

-
B T
1.0 el 1.0
(3 360 206 600 800 1000 () 200 400 600 800 1000

FREQUENCY-Me FREQUENCY-Mc

Typical VSWR of Type 874-UB-P3 (left) and Type 874-BM (right).

TYPE 874-UB-P2 200-OHM TERMINAL UNIT Connects
the balun directly to 200-ohm transmission line or balanced
components via screw terminals.

Characteristic Impedance: 200 ohms.

Frequency Range: DC to 1 Ge.

Recommended Transmission Line: RG-86/U.

VSWR: 1.2 to 300 Me, 1.3 to 1 Ge.

Dimensions: 1 by 134 by 174 inches (25 by 44 by 48 mm), over-all.

TYPE 874-UB-P3 300-OHM TERMINAL PAD Converts to
300 ohms the 200-ohm balanced output impedance pro-
duced by the balun from a 50-ohm unbalanced source. This
pad facilitates power and voltage measurements on
balanced 300-ohm systems with signal generators and
detectors designed for use with 50-ohm coaxial circuits.

TYPE 874-UB-P4 ADAPTOR Provides a reliable, shielded
connection between the balun and Type RG-22/U (small-
size twinax) cable. Adaptor includes UG-422/U twinax
connector, which connects to UG-421/U cable connector.

Type 874-Z STAND

A stable support for components of coaxial systems.
Consists of a heavy cast-iron base with rubber feet, 22-inch
and 8-inch stainless-steel rods, and three universal clamps.
The vertical rod can be used to hold long tuning stubs.
The horizontal rod can be moved longitudinally or can be
interchanged with the vertical rod to provide support
where needed. T'wo bases can be used with one 22-inch rod
between them to support a long horizontal run of coaxial
parts. Clamps will fit a range of diameters and will join any
two rods. Any desired arrangement can be set up quickly.
Base (314 by 4% inches) can be bolted to bench top.

Type Net Wi* Code Number Price
874-UBL Balun 1% b 087 4-9921 $78.00
874-BM 300-o0hm Balanced Termination 1Y2 oz 0874-9928 15.00
874-UB-P2 200-chm Terminal Unit 1oz 0874-9923 9.00
874-UB-P3 300-chm Terminal Pad 1oz 0874-9924 22.00
874-UB-P4 Adapter (Balun to Twinax) 45 oz 087 4-9925 60.00
874-Z Stand 52 b 0874-9996 19.50
874-Z2C Extra Clamp 3oz 0874-9997 2.25

* To convert ounces to grams, multiply by 28; to convert pounds to kg, divide by 2.2.

] 874-UB-P4

f

874-BM i

L srac
E
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[ype 900-LB PRECISION SLOTTED LINE

The basic instrument for the most precise measurements of imped-
ance and vswr at high frequencies is the slotted line. The Tyre
900-LB Precision Slotted Line design takes full advantage of the
accuracy of the Type 900-BT connector; as a result, the vswr
specification of the slotted line is identical to that of the connector.
The line is useful for the most precise calibration and comparison of
rf standard impedances and mismatches, as well as for the design of
components of the lowest possible vswr. The accuracy of this slotted
line ‘eliminates the tedious, time-consuming calibration procedures
required with less accurate instruments. With a TypE 900-QNJ or
-QNP Adaptor, it can be simply converted to a type-N slotted line
with a vewr less than 1.005 + 0.005 X fe..

The Type 900-LB is a slotted section of precision coaxial trans-
mission line whose characteristic impedance is very accurately known
(50.0 ohms 4 0.1%,). The outer conductor is precision-forged brass
tubing lined with pure silver for low loss. The inner conductor, a steel
tube with a layer of silver, is precision-machined. The load end of the
line has a TyPE 900-BT Precision Coaxial Connector, and the gener-
ator end has a locking TyPE 874 connector.

The probe is mounted in a movable carriage which also contains a

Charaeteristic Impedance: 50.0 ohms + 0.1%.

Probe Travel: 50 cm. Scale calibrated in centimeters from the refer-
ence plane. Attached vernier scale can be read to 0.1 mm.

Scale Accuracy: + (0.1 mm + 0.05%,).

Frequency Range: 300 Mc to 9 Ge. At 300 Mec, covers a half wave-
length. Operates below 300 Mc with Type 900 Precision Air Line.
Constancy of Probe Pickup: +0.57,.

Residval VSWR: Less than 1.001 + 0.001 X fg. (e.g., 1.002 at 1 Ge).
Accessories Supplied: Type 874-R22A Patch Cord; TypeE 900-WN
Precision Short-Cireuit; Type 900-WO Precision Open-Circuit;
tuning stub. ~~ha agsembly (including IN21C and 1N23C crystals);

crystal detector, a tuning stub,
and a Tyepe 874 audio output
jack. The removable, barrel-
type tuning stub supplied has
a vernier drive for stability,
smooth rotary action, and easy
settability, and a tuning range
from 300 Mec to 9 Ge. Probe fe
penetration is adjustable by
means of a knob (calibrated in
thousandths of an inch) at the
top of the stub. For measure-
ment of  width-of-minima,
a micrometer carriage drive,
which can be read to 0.002 mm,
is also supplied. For applica-
tions requiring a direct rf out-
put, an rf probe accessory is
rovided; terminated with a

ypE 874-BL connector, this
unit replaces the tuning stub.
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Typical readout of Type 1640-A

Slotted Line Recorder System

{described below and shown on
page 74).

rf probe assembly (with Type &74-BL connector); micrometer
carriage drive (accurate to 0.01 mm); spare drive cable; storage box,
Smith charts.

Accessories Required: Generator and detector (see page 66).
Dimensions: Width 2714, height 10, depth 434 inches (700 by 255
by 125 mm).

Net Weight: 1034 pounds (4.9 kg).

Shipping Weinht: 27 pounds (12.5 kg).

Type
900.1LB

Jode Numbe

0900-9651

Price
$575.00

Precision Slotted Line

ype 1640-A SLOTTED LINE RECORDER SYSTEM

This system automatically plots the standing-wave pattern in
the Type 900-LB Precision Slotted Line. vswr’s from 1.001 to 1.20
can be measured conveniently and accurately. The positions of
minima, with a short circuit at the reference plane, can also be plotted
automatically (see sample strip chart above). In substitution meas-
urements®, several curves may be plotted on the same record, to
facilitate measurement of vswr differences directly and cancel the
effect of nonconstant probe pickup.

The TYPE 1640-A system includes a TyP= 900-LB Precision Slotted
Line, a Type 1521-SL Slotted-Line Recorder, similar to the Tyr
1521-A Graphic Level Recorder (page 144), and an adjustable

Sensitivity: Continuously variable from 0.05 to 2.0 n

Frequency: 1 k¢ + 3%,; 3 db bandwidth — 50 + 10 ¢

Chart: 4-inch recording width with 8 major, total «

Horizontal divisions, 14 inch.

VSWR Range: Continuously variable from 1.008 (0.8%

full scale; accurate to within one minor division at &

Noise Level (referred to input): Short-circuit, less than U.1 microvols;
open-circuit, less than 4.0 picoamperes. Noise figure less than 5 db
at the optimum source resistance (about 25 kilohms).

Power Requirements: 105 to 125 (or 210 to 250) volts, 60 cps, 35 watts;
50-cycle models are available; see price list below.

Dimensions: Width 19, height 9, depth 1414 inches (485 by 229 by
362 mm) — Tyre 1521-SL only. See above for TyrE 900-LB.

Net Weight: 67 pounds (30 kg).

Shipping Weight: 100 pounds (46 kg).
PATENT NOTICE. See Notes 1, 4, and 18, page viii.

mechanical-linkage unit through which the recorder drives the car-
riage of the slotted line. The audio output from the carriage drives
the pen of the completely transistorized recorder, which has a vari-
able expanded-scale vswr presentation. Horizontal scale can be
either 1 em/div or 0.5 em/div, with the two sprockets provided.
Audio input-signal levels from 0.05 to 2 millivolts can be accommo-
dated, thus permitting operation at the signal level producing the
best signal-to-noise ratio.

*A, E. Sanderson, "“An Accurate Substitution Method of Measuring the vswg

gg g‘goaxial Connectors,” The Microwave Journal, January, 1962, Vol 5, No. 1, pp

Jode Nwmbe: Price
Slotted Line Recorder Sys- 1640-9701 11875.00
tem (60 cps)
Slotted Line Recorder Sys- 1640-9494 1875.00

tem (50 cps)

Type 900-LB Precision Slotted Lline. For a photograph
showing this instrument installed as part of the Type 1640-A
Slatted Line Recorder System, see page 74.
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TYPE 900-W50 50-OHM STANDARD TERMINATION A precision,
low-vswr standard, designed around a highly stable, deposited-
metal-film resistor, with Tyee 900-BT connector. Excellent as
50-chm standard for calibration of bridges, slotted lines, and imped-
ance plotters, The combination of a TypE 900-W50 termination plus
a Type 900-QNJ or -QNP adaptor has lower vswr than generally
available 50-ohm series-N terminations alone.

VSWR: Less than 1.005 + 0.005 X fe., up to 9 Ge.

DC Resistance: 50 ohms + 0.39,.

Maximum Power: 1 watt with negligible change; 5 watts without
damage.

Temperature Coefficient: 150 ppm/°C.

TYPE 900-L10, -L15, -L30 PRECISION AIR LINES Short sections
(10, 15, and 30 c¢m) of precision, 50-ochm air line with a Type 900-BT
connector on each end. Conducting surfaces of inner and outer con-
ductors are of pure silver for low loss. Used as low-reflection line
extenders, as an aid in checking the vswr of precision connectors,
and as 50-ohm-impedance standards at frequencies for which the
electrical length is an odd multiple of A/4, for example, in calibrating
a slotted line and termination.

VSWR: Less than 1.0013 + 0.0013 X fe., up to 9 Ge.

Characteristic Impedance: 50 ohms + 0.19.

Electrical Length: TyPE 900-1.10 — 10.00 £ 0.02 ¢m; Tyer 900-L15 —
15.00 + 0.02 cm; Type 900-1.30 — 30.00 £ 0.02 cm.

TYPE 900-WN PRECISION SHORT-CIRCUIT TERMINATION A precision-
machined, silver-plated body, mounted in a centering gear ring
and locking-nut assembly, which short-circuits the face of a TypE
900-BT connector. For establishing reference planes and for use in
loss measurements. Reflection coefficient > 0.9995.

TYPE 900-WO PRECISION OPEN-CIRCUIT TERMINATION A shield-
body mounted in a centering ring and locking-nut assembly. Estah-
lishes a well-shielded open circuit 2.6 + 0.2 mm beyond the face of
a Tyee 900-BT connector. For establishing a reference plane and
for use in loss measurements. Reflection coeflicient > 0.9995.

TYPES 900-QNJ, -QNP ADAPTORS Low-reflection adaptors from
Type 900-BT Precision Coaxial Connector to type-N connector.
Type 900-QNJ contains an improved type-N jack and mates with a
standard type-N plug. Tyer 900-QNP contains an improved type-N
plug and mates with a standard type-N jack.

VSWR: Less than 1.004 + 0.004 X fo, up to 9 Ge, either unit.
Electrical Length: TYPE 900-QNP — 5.50 4+ 0.03 cm to end of male
outer conductor. Type 900-QNJ — 5.00 + 0.03 cm to end of female
inner conductor.

TYPE 900-Q874 ADAPTOR Low-reflection adaptor between Typr
900-BT Precision Coaxial Connector and any Tvpe 874 connector
(see page 63). Contains the new TypE 874-BL Locking Connector.

RECISION COAXIAL ELEMENTS

VSWR: Less than 1.00 4- 0.015 X fe, to 1 Ge; 1.01 + 0.005 X fo.
from 1 to 7 Ge.

Electrical Length: 6.50 + 0.04 cm to front face of mated nonlocking
TypE 874 connector head.

TYPE 900-TOK TOOL KIT  Nine-piece tool kit in fitted case for con-
venient installation of TypeE 900-BT Precision Coaxial Connector
on suitable air line or component. Complete instructions for use of
tools are supplied with each connector to simplify assembly and
ensure precision results.

1. Open-End Wrench

2. Coupling-Nut
Torque Wrench

3. Inner-Conductor
Torque Wrench

4. Gear Wrench
5. Inner-Conductor Plier
6. Bead Pusher
7

. Inner-Conductor
Injector

8. Bead Compres-
sion Sleeve

9. Spring-Contact Wrench

PRECISION ROD AND TUBING TUsed in fabrication of custom air
lines and components employing Type 900-BT Precision Coaxial
Connectors. Diameters are specified at a temperature of 23 C. Both
rod and tubing have been stress-relieved.

PRECISION INNER-CONDUCTOR ROD (0900-9508) Precision, center-
less-ground, silver-layered brass rod stock with a nominal 0.24425-
inch diameter.

Length: 27 inches (710 mm).

Diameter Accuracy: +65 microinches.

Uniformity of Diameter: +25 microinches.

Surface Finish: 20 microinches, max.

Straightness: 0.002 inch per foot.

PRECISION OUTER-CONDUCTOR TUBE (0900-9509) Precision—forged,
silver-lined brass tubing with a nominal OD of 0.830 inch and a
nominal ID of 0.5625 (%4;) inch. Nominal wall is 0.134 inch.

Inner Diameter Accuracy: + 140 microinches.

Inner Surface Finish: 30 microinches, max.

Straightness of ID: 0.005 inch per foot.

Length: 27 inches (710 mm).

ADAPTOR FLANGE (0900-9782) A flange which threads onto the
TyrEe 900-BT connector, in place of the gear ring and locking nut, to
connect the Type 900 components to coaxial systems that terminate
in a flat-plane surface, or to other flange-type connectors.

Mounting Holes: 0.157 + 0.005 inch dia, 120° + 0.5° apart on a
radius of 0.812 + 0.003 inch.

IVIAVUJ

Type Length inche. Net Weight Code Number Price
900-L10 Precision Air Line (10 c¢m) 62 oz 0900-9603 $ 85.00
900-L15 Precision Air Line (15 cm) 10 oz 0900-9607 90.00
900-L30 Precision Air Line {30 c¢m) 12 15 oz 0900-9613 100.00
900-Q874 Adaptor to Type 874 2% 32 oz 0900-9883 45,00
900-QNJ Adaptor (contains type-N Jack) 2V 3% oz 0900-9711 50.00
900-QNP Adaptor (contains type-N Plug) 2% 4 oz 0900-9811 50.00
900-TOK Tool Kit —_ 21b 0900-9902 95.00
900-WN Short-Circuit Termination 114 22 oz 0900-9971 9.00
900-WO Open-Circuit Termination 1/ 2 oz 0900-9981 9.00
900-W50 50-Ohm Termination 2 3Y2 oz 0900-9953 60.00
0900-9508 Precision Inner-Conductor Rod 27 7 oz 0900-9508 25.00
0900-9509 Precision Outer-Conductor Tube 27 2% b 0900-9509 35.00
0900-9782 Adaptor Flange — 3 oz 0900-9782 3.50

*To convert ounces w grams, multiply by 28; pounds to kg, wvide by 2.2.

TYPE
900-W50

TYPE
900-WO

s 2 BOYLS,
Snnn AR LINE

TYPE 900-L30

- SO 5 TYPE
',“ﬁ ' 0900-9508
TYPE TYPE TYPE .
900-QNJ 900-Q874 Adaptor Flange 0900-9509

TYPE 0900-9782
Precision Rod

and Tube
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Fype 1212-A UNIT NULL DETECTOR

50 cps to b Me.

Quasi-logarithmic response.

On-scale range ot approximately 120 db.

Meter sensitivity control provided for setting of voltage range desired.

Sensitivity increases as balance is approached, thus increasing speed and precision.
Regulated tube voltages and balanced meter circuit maintain stability.

This unit null detector is an inexpensive, broad-
vauu valance indicator for ac bridge measurements from
50 c¢ps to 5 Mec. With the Tyer 1212-P3 RF Mixer and a
local oscillator, its range can be extended to 60 Mc as a
heterodyne detector.

Frequency Response: See plot.

Sensitivity: Less than 40 uv at 1 ke for 19 of full scale.

Power Supply: Tyere 1203-B is recommended (see page 173). Power
supply can be attached to detector to form a rigid unit (locking
strips supplied).

Hum and Noise Level: Hum, 20 uv; broadband noise, 30 pv.

Input Terminal: Locking Type 874 Coaxial Connector.

Accessories Supplied: Power-supply plug, Tyre 874 Cable Connector.
Accessory Equipment Available: Types 1212-P1 and -P2 Filters,
Tyer 1212-P3 RF Mixer. (See below.)

Cabinet: Unit Instrument (see page 210).

Dimensions: Width 1034, height 534, depth 614 inches (275 by 150
by 160 mm), over-all. As shown here, including power supply, 15 by
534 by 61 inches (385 by 150 by 160 mm), over-all. Relay-rack
adaptor set listed below mounts both instrument and power supply
(panel 19 by 7 inches).

Type 1212-P1 HIGH-PASS FILTER

This shielded rc filter provides about 50-db attenuation at 60 cps.
Plugs into detector input connector.

Nominal Load impedance: 1 megohm.

Input Voltage Limit: 150 volts maximum.

Terminals: Tyre 874 Coaxial Connector at each end.
Dimensions: Diameter 7%, length 434 inches (25 by 110 mm).
Net Weight: 3 ounces (0.1 kg).

Shipping Weight: 1 pound (0.5 kg).

Type 1212-P3

The Tyee 1212-P3 RF Mixer, which is similar to the Tyee
1232-P1, combines with the Type 1212-A Unit Null Detector to
form a sensitive heterodyne null detector from 3 Mec to 60 Mec.

This combination may also be used as a receiver, spectrum ana-
lyzer, and sensitive level indicator throughout its frequency range.
Frequency Range: 3 Mc to 60 Mc. (Can be used up to 150 Mc if care
is taken in the selection and identification of local-oscillator frequency.)
Sensitivity: (Open-circuit voltage from 50-ohm source, equivalent to
noise level) 10 pv from 3 Me to 5 Me, 6 uv to 60 Me (typical).

I-F Output Frequency: 1 Me.
Bandwidth: 25 k¢ with Type 1212-A Unit Null Detector.

The instrument consists of a three-stage,
proaapana amplifier with series-peaking compensation.
Germanium-diode clippers are used between stages to ob-
tain the quasi-logarithmic response. The output meter has
a linear scale. Earphone terminals are provided.

FREQUENGY
10cps 00cps lhe 10K 00ke IMe 10 Me
Frequency response ‘[ [ i ]
characteristic of the q° ‘ ==
Type 1212-A  Unit B 1 ||
Null Detector. §,° | FREQUENCY RESPONSE h
oL TT ] \
Net Weight: 43/ pounds (2.2 kg).
Shipping Weiaht: 12 pounds (5.5 kg).

Type Jode Numbe Price
1212-A Init Null Detector 1212-9701 }185.00
1203-B Init Power Supply {115-v linei 1203-9702 55.00
480-P4U lelay-Rack Adaptor Set 0480-9986 12.00

PATENT ICE. See Notes 4 and 15, page viu.

t See page 173 for 230-volt supply

Type 1212-P2 1-Mc FILTER

This shielded, tuned vc filter provides insertion gain at 1 Mc and at-
tenuates higher and lower frequencies. Plugs into detector connector.

Insertion Gain: Between 22 db and 32 db at 1 Me.

Second-Harmonic Rejection: At least 39 db.

Maximum Input Voltage: 200 volts.

Terminals: TYrE 874 Coaxial Connector at each end.

Dimensions: Diameter 2, length 5 inches (50 by 130 mm).

Net Weight: 9 ounces (255 grams). Shipping Weight: 1 pound (0.5 kg).

RF MIXER

Input Impedance: 200 ohms (approximately).

Output Impedance: 50 kilohms (approximately).

Terminals: TYPe 874 Coaxial Connector at end of cable.
Dimensions: Diameter 214, length 634 inches (58 by 175 mm).

Net Weight: 1 pound (0.5 kg). Shipping Weight: 2 pounds (1 kg).

Type ‘ode Numbe Price
1212-P1 High-Pass Filter 1212-9601 $15.00
1212-Pi 1-Mc Filter 1212-9602 35.00
1272-P3 RF Mixer 1212-9603 105.00

PATENT 1.. .1CE. See Note 4, page viii.

Type 1212-A Unit Null Detector with Type 1203-B Unit Power Supply

. UNIY POWER SUPPLY
X TYPE it

Pt
e

SERigL

Type 1212-P1

F‘”lé = £ 3
e )
Type 1212-P2

uNIT
NULL DETECTOR
TYPEIEIZ-A

50 CYCLES-S MEGACYOLRS: 7

METER ADJusT.
SENSTIVITY. ZERO;

S

B
S PATENT 2548437 “

Type 1212-P3
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MEASURING

DE LOCAL
Ice OSCILLATOR

A
FILTER ! | MIXER o
f | i - UNIT sensitivity of Type DNT De-
s o Low PASS I |y [ TYPE 874-MRL ot Y P
] | MIXER RECTIFIER ‘ tectors for both fundamental
! ! and harmonic operation.
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SENSITIVITY - [% METER DEFLECTION OVER NOISE

sl - 4

TYPEII_I?G*A [ rdemenmac
2pvl | ‘ OIOHARK’“C
DETECTOR AMPLIFIER oM 50 05 300500 KM [
FREGUENGY
Frequency Ronge — Mc

e 2 i Local

2nd Brd 4th Oscillator Filler Code
Type Fundamental Harmonic* Harmonic* Harmonic* Supplied Supplied Number Price
DNT-1 401-530 100-1030 165-1530 230-2030 1208-C 874-F500L 1235-9601 $714.00
DNT-2 401280 70-530 120-780 170-1030 1215-C 874-F500L 1235-9602 674.00
DNT-3 220950 470-1870 720-2790 970-3710 1209-C 874-F1000L 1235-9603 747.00
DNT-4 870-2030 1770-4030 2670-6030 Not recommended 1218-A 874-F2000L 1235-9604 927.00

* For harmonic operation, the appropriate low-pass filter must be used.
PATENT NOTICE. See Note 4, » i

140 Me is the practieal low-frequency limit.

[ype 1216-A UNIT I-F AMPLIFIER

The basic element of the Type DNT Detector is the
Type 1216-A Unit I-F Amplifier. It consists of four tuned
i-f amplifier stages, a detector, a video amplifier stage, an
accurate rf attenuator, and two power supplies. It is de-
signed to operate from the 400-ohm nominal output im-
pedance of the Typre 874-MRL Mixer Rectifier.

Automatic volume control is provided to facilitate
bridge balancing and other null-type measurements. The
Avc can be switched out for voltage level measurements.

A built-in, precision, film-type-resistor, step attenuator

Center Frequency: 30 Me.

gundwidih: Greater than 0.5 Mc at 3 db down; 9.5 Mec at 60 db
own.

Sensitivity: From a 400-ohm seurce, 2-mierovolt input required for
19, meter deflection (above noise); 50-mierovolt input for full-scale
meter deflection. These are open-circuit source voltages.

Noise Figure: Approximately 5 db.

Attenvator Range: 0 to 70 db in 10-db steps.

Attenuator Accuracy: + (0.3 db + 19;).

Cutput-Circuit Bandwidth (Medulation): 0.4 Mec.

OCutput Impedance: 600 ohms.

Maximum Output Veltage: 2 volts open circuit.

Terminals: Input, Type 874 Connector on 2-foot cable; output,
34-inch-spaced Tyre 938 Binding Posts.

Supplementary Power Supply Qutput: 300 volts de at 30 milliamperes;
6.3 volts ac at 1 ampere. With this power supply, full output will

CENERAL RAGI COMFA

7 oot WATATIE VW

is included to make possible accurate measurements of
relative signal levels. The indicating meter is calibrated in
db, as well as in linear units, for convenient interpolation
between the 10-db attenuator steps.

Provision is made for measuring crystal-mixer current.

One of the internal power supplies operates the amplifier
circuits; the other supplies heater and plate power to the
heterodyning unit oscillator.

Modulation on the input frequency is amplified by a
cathode follower and is available at the output terminals.

not be obtained from a unit oscillator, but output is ample for
heterodyne use.

Power Requirements: 105 to 125 (or 210 to 250) volts, 50 to 60 cps.
Power input, 45 watts at full load. Can also be operated at 400 cps
where line voltage does not drop below 110 volts.

Accessories Supplied: Spare fuses.

Cabinet: Unit Instrument (see page 210). Relay-rack adaptor panel
listed below (panel 19 by 7 inches).

Dimensions: Width 1014, height 534, depth 614 inches (260 by 150
by 160 mm), over-all.

Net Weight: 814 pounds (3.8 kg).
Shipping Weinht: 14 pounds (6.5 kg).

Type 'ode Numbe Price
1216-A Unit 1-F Amplifier 1216-9701 $360.00
480-P4U2 Relay-Rack Adaptor Panel 0480-9985 11.00

PATENT NO 11 E. See Notes 4 and 15, page viu.

< UNIT - AMPLIFIER
i PPE IBEA

5 VOLTS
) 5060 £
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Fype 1213-D UNIT TIME/FREQUENCY CALIBRATOR

High accuracy — a few parts in 107,

Wide range of output frequencies.

Easily adjusted to zero beat with wwv st=ndard-frequency transmissions.

Accurate timing source for oscilloscopes.

T'he Typr 1213-D Unit Time/Frequency Calibrator
1s a compact frequency standard comprising all the cir-
cuits necessary for calibration operations that have
hitherto required several instruments. These circuits
include: (1) a crystal-controlled source of harmonics at
multiples of 10 Me, 1 Me, 100 ke, and 10 ke, (2) mixer and
beat amplifier, and (3) a pulse amplifier.

The self-contained mixer and audio amplifier permit
frequency calibration of oscillators and signal generators
without requiring additional equipment. The standard-
frequency harmonics are useful for receiver calibration and
for frequency measurement with external detectors and
interpolating equipment.

With auxiliary Unit Oscillators for interpolation and an
oscilloscope for zero-beat indications, this calibrator can
measure accurately all the frequencies of radio broadcast
and television transmitters.*

The output of the cathode-follower pulse amplifier can

Internal mixer for maximum utility.

The amplitude of the pulses is sufficient to trigger pulse-
generating equipment and oscilloscope sweeps.

The crystal oscillator can be standardized against
standard-frequency radio transmissions.

The block diagram shows the functional
arrangement o1 circuits. The crystal oscillator uses a 5-Me
aT-cut, hermetically sealed quartz plate of exceptionally
small temperature coefficient at room temperatures. The
multivibrator outputs can be switched to drive either a
video amplifier to supply frequency markers and timing
pulses or a harmonic generator and mixer for frequency
calibrations, with the video amplifier automatically
switched to act as a high-gain audio amplifier.

A narrow-range frequency adjustment is provided, and
also a touch-button deviator for establishing “sense” in
low beat frequencies.

* Described in Technical Publication B10; copy free on request.

be used directly or differen-
tiated in the Tyepe 1213-P1
Differentiator to provide puls-
es at intervals of 0.1 usec,
1.0 usee, 10 usec, and 100 usec ..
for time markers in swept-
frequency applications and
for calibrating variable time-
delay units and oscilloscopes.

CRYSTAL
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T a0 e F—C canepones
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1 %, 0SCICLOSCOPE
It L

! =

\

]

|
TIMING MARKER

OUTPUT

Frequencies: 10 Mc¢, 1 Me, 100 ke, 10 ke.

Frequency Adjustment: +5 ppm.

Amplitude: 10 Mc — 5 volts, peak-to-peak; 30 volts, peak-to-peak,
at lower output frequencies from pulse amplifier; rf harmonics usable
to 1000 Mec from 10-Mc output, to 500 Me from 1-Mc output, to
100 Mec from 100-kc output, and to 10 Mc from 10-ke output.
Impedance: Video cathode-follower, 300 ohms; rf output obtained
from crystal-diode harmonic generator.

Terminal: Locking TvPE 874 Coaxial Connector. This instrument can
be equipped with type N, BNC, TNC, SC, C, or UHF connectors
through the use of locking adaptors, listed on page 64.

FREQUENCY STABILITY

Warmup Drift: Not more than —2 X 1077/°C for ambient tempera-
tures of 25 C, or over. With ambient 0 to 10 C crystal may not
operate until operating temperature is reached. Minimum operating
ambient, 0 C.

Temperature: Between —1 X 1077/°C and 42 X 1077/°C in ambient
range 20 to 40 C.

Line-Voltage: Momentary changes of +10%, affect frequency by less
than 5 X 1078, Changing line voltage will affect frequency per
tempe)rature specification above (4109 line will change temperature
+4C).

Switching and Loading: Over-all, less than 1 X 1077,

Type 1213-D Unit Time/Fre-
quency Calibrator with Type

1203-B Unit Power Supply. X
UNIT POWER SUPPLY. "
i e o

NERAL RADO COMPANY .
ik i

; NPT N
< HB VOLTS 4060 CYCLES i
OUTRUT: .

300VGLTY

SIVOTS
£UIBK.AG 7 SOMA 0

7
&

"F YE < TR-F ouTeuT
G UARMONIC SERIES

RS GNAL

AU010

GENERAL
Sensitivity: Usable beats can be produced with 50 millivolts input to
mixer over the harmonic ranges listed above.
Power Requirements: TYPE 1203-B Unit Power Supply is recom-
mended.
Accessories Supplied: TYPE 1213-P1 Differentiator, Tyre 874 Coaxial
Connector, and multipoint connector.
Cabinet: Unit Instrument (see page 210).
Dimensions: Width 1044, height 534, depth 7 inches (270 by 150 by
180 mm), over-all. As shown here, including power supply, 1434 by
534 by 7 inches (375 by 150 by 180 mm), over-all. Relay-rack adaptor
set listed below mounts both instrument and power supply (panel
19 by 54 inches).
Net Weight: 434 pounds (2.2 kg).
Shipping Weight: 12 pounds (5.5 kg).

For a detailed description of the calibrator, see R. W. Frank and
H. P. Stratemeyer, “A Time/Frequency Calibrator of Improved
Stability,” General Radio Experimenter. 30, 10, October 1959,

Type Jode Numbe:  Price
1213.D Jnit Time/Frequency
Calibrator 1213-9704 1310.00
1203-B Unit Power Supply 1203-9702 55.00
480-P4U3 Relay-Rack Adaptor Pane 0480-9986 12.00

PATENT NG ..JE. See Note 4, page viii.
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Type 1105-B FREQUENCY-MEASURING EQUIPMENT

Can be used to measure intermittent or fading signals.
Can generate a precisely known frequency between 100 ke and 200 Me.

The Type 1105-B Frequency-Measuring Equipment is a
heterodyne-method frequency measurement system. The
method of operation is based on the principles set forth

~in Figure 2 and Figure 3 on page 83. Harmonics of the

10-ke and 100-ke standard frequencies are generated by a
newly developed avalanche-transistor pulse generator,
which produces strong harmonics to 100 Mc and beyond.
It is thus possible to make direct measurement of fre-
quencies up to 100 Mec using the Typr 1107-A Interpola-
tion Oscillator and the Typr 1109-B Comparison Oscil-
loscope as the beat-frequency interpolator to measure
frequency difference ‘“A” in Figure 2. Each Type 1106
Frequency-Transfer Unit contains a regenerative detector
and calibrated transfer oscillator covering a portion of the
spectrum. They are interconnected with the unknown
signal and the frequency standard through the Tyre
1108-B Coupling Panel, which contains the transistor
pulse generators for producing the standard-frequency
harmonies.

In the frequency range from 100 ke to 100 Me, the

-
| [ hereroome | FREGERCY TYPE 11098
| R | T SR
UNIT
. [}
{
S g O, L
r 2
| —F TYPE (1O7-A
| ll*cl)TERPOLATlON
|10k 2 SCILLATOR
I | HAaRMONIC Z
E 100k | GENERATORS i
| TYPE 1130-A
TYPE - -L— DIGITAL TIME &
‘ 1108-8 COUPLING PANEL FREQUENCY METER
| UNKNOWN FREQUENCY o
L A _ PHANESO 7|

Block diagram of the Type 1105-B Frequency-Measuring Equipment,

Specifications and prices of the component instruments will be
furnished on request. All items are available individually. For specifi-
cations for Typr 1107-A Interpolation Oscillator, see page 110.
Terminals and Cables: All units are equipped with Type 874 Coaxial
Connectors at the rear. Suitable connection cables are furnished.
Power Requirements: 105 to 125 (or 210 to 250) volts, 50 to 60 cps,
200 watts.

Dimensions: Width 22, height 7614, depth 2014 inches (560 by 1940
by 520 mm), over-all.

Net Weight: 370 pounds (168 kg).

Shipping Weight: 560 pounds (258 kg).

Type Jode Numbe Price
1105-B requency-Measuring
Equipment 1105-9702 5900.00
PATENT NO" . See Note 4, page viii.

TYPE 1107-A INTERPOLATION OSCILLATOR — |

This unit is a linear-scale, direct-reading, audio-frequency oscillator
covering frequencies from O to 5000 cps. It is used to measure the
audio-frequency difference between the unknown frequency and a
standard 10-kc harmonic. A meter indicates output voltage and can be
used as a beat indicator for matching the interpolator and unknown
frequencies. See also page 110. $1250.00

approximate frequency is read from the dial of the de-
tector, a more exact value from the heterodyne-frequency-
meter (transfer oscillator) scale; and the beat between the
unknown signal and the standard-frequency harmonic is
measured by setting the direct-reading dial of the audio
interpolation oscillator to produce a stationary pattern on
the oscilloscope. The availability of the transfer oscillators
in the same units as the detectors makes it possible to
generate precisely known frequencies between 100 ke and
100 Me. The oscillators cover fundamental frequency
ranges from 100 to 200 ke ((1106-A), 1 to 2 Mec (1106-B),
and 10 to 20 Mec (1106-C), other frequencies being generat-
ed as harmonics of those fundamental ranges.

Provision is made for use of an external radio receiver
to receive signals for which either the sensitivity or
selectivity of the heterodyne detector units is not con-
sidered adequate, or to cover the frequency range above
100 Me. The standard-frequency harmonics extend beyond
100 Mc with adequate amplitude for use with sensitive
recelvers up to approximately 150 Me.

TYPE 1109-B
COMPARISON OSCILLOSCOPE

Includes cathode-ray oscillo-
scope, with power supply; select-
ing, smoothing, and phase-shifting
networks for circular sweeps at
line frequency, 0.1-, 1- and 10-kc
standard frequencies, and at a
variable frequency obtained from
the interpolation oscillator; and all
necessary switching. Most patterns
are presented on a circular sweep
by radial deflection. $600.00

TYPE 1106-A, -B, -C
FREQUENCY.TRANSFER UNITS

(3 panels)

Each of these units contains a
heterodyne frequency meter and
heterodyne detector, with direct-
reading scales. Ranges are as

follows:

Type 1106-A 100 ke to 2000 ke
Type 1106-B 1 Mcto 10 Mc
Type 1106-C 10 Mcto 100 Mc

The harmonic output of the fre-
quency meter is used at frequen-
cies higher than those covered by
the dial ranges. The output of the
frequency meter and the regenera-
tion of the heterodyne detector
are adjustable.

Each model, $1050.00

TYPE 1108-B
COUPLING PANEL
This unit is the centralized

control point at which all necessary
switching and level adjustments

TYPE 480-MA RELAY RACK
The individual units are mounted in the Type 480-MA Relay Rack.
At the base of the rack is mounted a Type 1105-P1 Speaker for audi-
ble monitoring of beat tones.
All connections between standard and measuring assembly are
made by means of patch cords, which are supplied.

can be easily and quickly carried
out. Also generates harmonics
from the standard-frequency in-
puts of 10 and 100 ke. $510.00
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Type 1142-A FREQUENCY METER AND DISCRIMINATOR

Wide frequency range.
High accuracy.

This analog-type frequency meter measures fre-
yueucies from 3 cps to 1.5 Mc with an over-all accuracy
of 40.29,, and can be used with a recorder to produce
time records of frequency change or drift. Its highly linear
discriminator, when used with an external voltmeter, can
measure fm deviation. With a wave analyzer, this fre-
quency meter can measure individual components of in-
cidental fm.

The usable frequency range, particularly for frequency
drift and incidental fm measurements, can be extended
upwards to thousands of megacycles per second if the
unknown frequency is heterodyned against a stable fre-
quency. This gives a proportionate increase in resolution.
At 100 Me, frequency drift and incidental fm can be
measured to at least one part in 10°.

This instrument operates as a pulse-count
weviiuuuawor. Lhe input signal is clipped and amplified.

Frequency Range: 3 cps to 1.5 Mc in five decade ranges. Full-scale
values are 150 cps, 1.5 ke, 15 ke, 150 ke, and 1.5 Me. A calibrated
interpolation feature effectively expands the meter scale by a factor
of 10, so that 1/10 of any range covers the full scale.

Accuracy of Recorder Output Current: Below 15 ke, 0.059, of full scale
+0.05% of reading; above 15 ke, 0.1%, of full scale 4-0.1%, of read-
ing.

Over-all Accuracy:

Over-all accuracy is the sum of recorder output current error
(see above) and any of the following errors that are applicable.

Meter Accuracy — Direct reading, 19, of reading above 109, of
full scale (0.19%, of full scale below 109, of full scale). Interpolating,
0.19%, of full scale (range switch setting).

Line-Voltage Effect — +10%, change produces approximately
+0.29%, change in reading (4+0.5% on 1.5-Mc range).

Warmup Drift — Less than 0.29, of reading after a few minutes,
substantially complete within 30 minutes.

Ambient-Temperature Effect — Output current changes less than
0.019%/° C (0.029,/° C on 1.5-Mc range).

Calibration: Internal calibration at twice line frequency to standard-
ize output current.

Inpul Sensitivity: 20 millivolts, rms, between 20 cps and 130 ke,
rising to 200 millivolts at 3 cps and 1.5 Me. Pesk-to-peak voltage
requirements for pulse and sine-wave inputs are approximately
equal, except for very short pulses. Input pulses on the order of
1 nanosecond may require up to 5 volts.

Maximum Input Voltage: 300 volts peak up to 150 ke; 70 volts peak
above 150 ke.

input Impedance: 100 kilohms, dropping to a minimum of 5000 ohms
above 500 ke.

High sensitivity.

Recorder output.

The resulting rectangular waveform triggers a Schmitt
circuit, which, in turn, triggers a monostable multivibrator
to produce a pulse of constant amplitude and duration
for each input cycle.

The average de component for this pulse train actuates
the meter. For a constant-frequency input, these pulses
are equally spaced in time. When frequency modulation is
present, the time spacing varies, and the resulting ad-
ditional ac component is a faithful reproduction of the
modulating frequency; its amplitude is a measure of the
modulation deviation.

The precision six-inch meter is accurate to 19, of
indication down to 109, of full scale. A calibrated inter-
polation technique effectively expands the meter scale by a
factor of 10, providing a readout accuracy of 0.19.

Output is available for driving conventional 1- to 5-
milliampere recorders. An interpolation output is pro-
vided for higher resolution.

Discriminator Characteristies:

Output Voltage — 15 volts de full scale (1.5) on all ranges.

Residual FM Noise — At input frequencies below 1 Mg, noise is
more than 100 db below full output. (With 400-cycle power, noise is
90 db down.) Narrow-band residual noise at frequencies other than
60 or 120 cps is more than 120 db down from full output.

Linearity — Below 15 ke, 0.05%, of full scale (15 volts) +0.05%,
of output voltage; above 15 ke, 0.1% of full scale (15 volts) £0.1%,
of output voltage.

Recorder Output:

Direct — Qutput current adjustable to drive recorders from 1 milli-
ampere (2700 ohms maximum) to 5 milliamperes (190 ohms maxi-
mum).

Interpolate — Full scale, 0.64 volt behind 4800 ohms.

Power Requirements: 105 to 125 (or 210 to 250) volts, 50 to 60 and
400 cps, 85 watts.

Accessories Supplied: TYPrE CAP-22 Power Cord, spare fuses.

Cabinet: Convertible bench (see page 210).

Dimensions: Width 12, height 574, depth 12 inches (305 by 150 by
305 mm), over-all. Panel adaptor sets are available for 19-inch
relay-rack mounting (panel height 514 inches).

Net Weight: 16 pounds (7.5 kg).

Shipping Weight: 22 pounds (10 kg).

Type Jode Nwmbe  Price
1142-A Frequency Meter and
Discriminator 1142-9701 525.00
480-P312 Relay-Rack Adaptor Set 0480-9632 6.50

PATENT NOTICE. See Notes 15 and 16, page viu,

FREQUENCY METER
AND DISCRIMINATOR

TYRE 1.42-2
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GENERATORS-SIGNAL SOURGES

A signal source is essential in any electrical measuring system
since it provides the stimulus that, in turn, creates the response
to be measured. This source is generally an oscillator or standard-
signal generator of known characteristics, which can be adjusted
to establish a known set of conditions. These characteristics
comprise the output voltage and impedance, the carrier-signal
waveform, which may typically be sine-wave, square-wave, pulse
or random noise, and the modulation, which carries the system
information through variation of phase, frequency, amplitude,
or timing of the carrier waveforni.

Signal sources can be classified functionally as to whether they
vield information that is readily usable in frequency-domain
or time-domain analysis. Sine-wave techniques form the basis of
power-generation and transmission systems and most communica-
tion systems, leading to ready frequency-domain analysis. Many
of the newer developments in information transmission and data
handling, however, such as radar systems, digital computers,
telemetry, and even the more venerable wire telegraphy, are based
upon pulse techniques, which yield most easily to time-domain
analysis.

Common to all these systems are ultimate performance limita-
tions determined by system bandwidths and noise. Bandwidth
and transient performance are the two sides of a coin; they convert
one into the other, and can be measured as phenomena in either
the frequency or the time domain, at the convenience of the
analyst. Noise is most easily measured by comparison with a
noise source having known characteristics.

OSCILLATORS

The sine-wave oscillator is the basic general-purpose signal
source. Its output voltage is closely sinusoidal, and its frequency
is usually adjustable over a wide range. It is therefore eminently
suited to making a series of measurements at uniquely specified
frequencies, which can be combined to specify performance in the
frequency domain, These measurements may be made by manual
settings, point by point, or by a frequency swept automatically
over the desired range to display the system response on a
recorder or cathode-ray oscilloscope. As the increasing sophistica-
tion of communications and data-processing systems demands
more and more measurements of this nature, the value of auto-
matic measuring systems in lightening routine work loads becomes
more and more evident.

The sine-wave oscillators whose characteristics are summarized
on the page opposite are of four types: Lc, re, beat-frequency
and klystron.

The LC oscillator, oldest of the four types, because of its
stability, good waveform, and efficiency, finds many uses at both
audio and radio frequencies.

At radio frequencies where tuning can be accomplished by air
capacitors, the Lc¢ circuit is the best and most economical fre-
quency-determining system. The Type 1330-A Bridge Oscillator
uses tuned circuits to cover a frequency range of 10,000:1. The
Types 1211, 1208, 1215, and 1209 Unit Oscillators, together with
the Typr 1361-A UHF Oscillator, cover a wide range of frequen-
cles from the standard radio broadcast band up through the uhf
television band. All of these employ unique tuned circuits, in
which the inductance and capacitance are varied simultaneously.
Many of them use the General-Radio-developed butterfly cir-
cuit,! which has no sliding or wiping contacts.

At frequencies above about 1000 Me, circuits with distributed
constants are used. The Type 1218-A Unit Oscillator covers a
frequency range from 900 to 2000 Mc with ganged quarter-wave
lines. In rc oscillators the frequency is determined by resistive
and capacitive elements.?

The RC degenerative type, of which the Typre 1311-A is one

example, is an original, patented, General Radio development. It
uses a Wien-bridge network as its tuning element, as does the
Tyee 1210-C, a small, versatile instrument, which produces
either sine-wave or square-wave output over a wide frequency
range. The Tyee 1305-A, a phase-shift oscillator, generates
frequencies as low as 0.01 cps, with single-phase, three-phase,
and four-phase output as well as an output continuously variable
in phase over 360°.

Early mention of the beat-frequency oscrllator is made by Van der
Bijl.} In this oscillator, the output frequency is the difference be-
tween the frequencies of a variable and a fixed oscillator of higher
frequencies. Thus several decades of frequency can be covered in
one band with a single control.

The first commercial beat-frequency oscillator was produced
by General Radio in the middle 1920’s. As the development of
tubes and circuits has progressed, increasingly better models have
been developed, culminating in the present Tyee 1304-B Beat-
Frequency Audio Generator, whose logarithmic scale greatly
facilitates frequency-response measurements, and which can be
driven by the TypE 1521-A Graphic Level Recorder for automatic
plotting.

A still more versatile instrument is the Type 1300-A Beat-
Frequency Video Generator, which can test circuits and networks
by four methods: point-by-point, square-wave, sweep-frequency,
and automatic plotting.

In Eklystron oscillators, first described by the Varians,! the
frequency is determined by a velocity-modulated electron stream,
which excites a resonant cavity. The Type 1360-A Microwave
Oscillator uses a reflex klystron in a coaxial cavity with a non-
contacting plunger to cover frequencies from 1.7 to 4.1 Ge.
Internal square-wave and frequency modulation are provided.

The Type 1220-A Unit Klystron Oscillator is a klystron power
supply which covers frequencies from 2700 to 7425 Mec with plug-
in klystron tubes, each of which operates at a single output fre-
quency or is adjustable over a limited band of frequencies.

MODULATION

The rf oscillators can all be amplitude modulated with sine
waves, and the Typr 1218-A, Tyre 1361-A, and TypE 1220-A can
be directly square-wave and pulse modulated as well.

The Unit Oscillators operating above 50 Mc can be pulse or
square-wave modulated by the Tyre 1264-A Modulating Power
Supply, and can be held to a constant output amplitude vs fre-
quency with the Typr 1263 Amplitude-Regulating Power Supply.

SWEEPING FREQUENCY

Specific provision for automatic display is incorporated in
many General Radio sources.® Electronic sweeping systems are
particularly suited to microwave sources and are incorporated in
the Type 1220-A Unit Klystron Oscillator (page 118) and the
Tvypg 1360-A Microwave Oscillator (page 117) to cover frequencies
from 2 Ge to 7 Ge. The Tyee 1300-A Beat-Frequency Video
Generator 1s also swept electronically.

To convert to automatic operation the many existing manually
operated devices that have given, and are still giving, good
service, the Type 1750-A Sweep Drive (page 127) provides a
! Eduard Karplus, *“'Wide-Range Tuned Circuits and Oscillators for High Frequen-
cies,”’ Proceedings of the Institute of Radio Engineers, July, 1945,

Eduard Karplus, "The Butterfly Circuis,”” General Radio Ezperimenter, 19, 5,
October, 1944.

2 First deseribed by Nichols in 1921; see U. S. Patent 1,442,781.

3 H. J. Van der Bijl, '“Thermionic Vacuum Tube,” McGraw-Hill Book Co., 1920
{first edition), p. 377.

4 Russell H. and Sigurd F. Varian, "'A High-Frequency Oscillator and Amplifier,”
Journal of Applied Physics, May, 1939, p 321,

5 See also the Tvrm 1025-A Standard Sweep-Frequency Generator, which hag the
accurately calibrated output and other features of the standard-signal generator.
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Type 1305-A LOW-FREQUENCY OSCILLATOR

Low-frequency output, 0.01 to 1000 cps.
Known output levels over 80-db range.
Low ripple in direct-reading output voltmeter.

Low distortion.

This generator of subaudible and low audio fre-
quencies has many uses in the development and testing
of servomechanisms, low-frequency amplifiers, recorders,
geophysical equipment, medical instruments, and elec-
trical analogs of mechanical systems. With suitable
amplifiers it can serve as a variable-frequency drive for
low-power, two-phase or three-phase machines.

In addition to its three-phase output (0°, 120°, 240°),
any phase of which can be used singly, an adaptor pro-
duces four-phase output at 0°, 90°, 180°, 270°, independent
of frequency, providing quadrature signals for such ap-
plications as component resolution and circular oscil-
loscope sweeps.

Another output, continuously variable in phase from
0° to 360°, is useful for phase measurements with Lissajous-
pattern techniques, gain and phase-shift measurements of

FREQUENCY

Range: 0.01 to 1000 cps in five decade ranges.

Accuracy: +29,

Stability: Warmup drift is less than 19, in the first ten minutes, less
than 0.2% in the next hour.

THREE-PHASE OUTPUT

Maximum Amplitude: At least 10 volts, rms, open ecircuit, line to
neutral, behind 600 ohms in each phase, constant with frequency to
+59%. Phase voltages are equal to each other within +29,

Impedance: 75 ohms per phase at DIRECT position of OUTPUT ATTENTA-
TOR switch.

Phase Accuracy: Phase difference between adjacent phases is 120° + 2°,
Maximum Power: 167 milliwatts per phase into 600-ohm wye.

Harmonic Distortion: Less than 29, for all loads at all frequencies,
except at DIRECT output, where it is less than 29 for loads of more
than 600 ohms per phase (wye) or 1800 ohms (delta).

Output Meter: Six-phase rectifier minimizes ripple; fluctuations in
indication are between 4+5% and — 109 of true rms at lowest output
frequencies.

FOUR-PHASE OUTPUT (from plug-in odaptor)
Maximum Amplitude: At least 5 volts, rms, line to neutral.

Logarithmic frequency scale.
Excellent amplitude stability.

four-terminal devices, and transfer characteristics of am-
plifiers and servomechanisms.

Three independent, ®rc phase-shift net-
wuine, vouuvuved as low-pass filters, are used in a direct-
coupled, phase-shift oscillator circuit. Miller-effect am-
plifiers increase the effective size of the polystyrene
capacitors for operation at the lowest frequencies. The
amplitude regulator provides an extremely high degree
of amplitude stability, independent of frequency. Cathode-
follower circuits provide low-distortion, low-impedance
outputs. The output meter and attenuator indicate
output voltage directly over an 80-db range.

The phase-shifter resistive network produces an output
signal that is constant in amplitude and continuously
variable in phase, independent of frequency.

Impedance: 600 ohmns. Phase Accuracy: +3°.

VARIABLE-PHASE OUTPUT

Range: 360°. Phase Accuracy: +3°.

Maximum Amplitude: Approximately 0.8 volt, rms, constant to
+ 59, with phase setting.

Impedance: Variable; 15,000 ohms maximum, Distortion: Less than 5%
GENERAL

AC Hum: More than 60 db down from output signal when ourpuT
AMPLITUDE control is at maximum.

Power Requirements: 105 to 125 (or 210 to 250) volts, 50 to 60 cps.
Total power consumption is 165 watts.

Accessaries Supplied: TYPE 1305-P1 Four-Phase Output Adaptor,
Type CAP-22 Power Cord, three Type 274-MB Double Plugs, spare
fuses.

Cabinet: Rack-bench (see page 210).

Dimensions: Bench model — width 19, height 734, depth 1514
inches (485 by 190 by 395 mm), over-all; rack model — panel 19 by
7 inches (485 by 180 mm), depth behind panel 1314 inches (345 mm).
Net Weight: Bench model, 85 pounds (16 kg); rack model, 33
pounds (15 kg).

Shipping Weight: Bench model, 47 pounds (21.5 kg); rack model,
46 pounds (21 kg).

Type Code Number Price
1305-AM Low-Frequency Oscillator, Bench Model 1305-9801 $940.00
1305-AR Low-Frequency Oscillator, Rack Model 1305-9811 940.00

PATENT NOTICE. See Nowe 15, page viii.

SINGLE-PHASE OR
POLYPHASE QUTPUT
0.01 TO 1000 CPS

PHASE SHIFT
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KLYSTRON POWER SUPPLY

Type 1220-A UNIT KLYSTRON OSCILLATOR

Inexpensive, versatile, microwave power source.
Wide range of frequencies and modulation capabilities.
Small — compact — inexpensive.

The Unit Klystron Oscillator generates frequencies
weowwenl 2700 and 7425 Me. It can generate fixed fre-
quencies or swept frequencies and can be amplitude
modulated with either square waves or pulses, with low
incidental fm.

Because of its relatively high output, low cost, small size,
and rugged construction, it is equally useful in the labora-
tory, on the production line, and in classroom demonstra-
tions. It is an excellent source for slotted-line measurements
of impedance and vswg, measurements of bandwidth, and
attenuation measurements on cables, lines, and pads.

Frequency Range: Depends on klystron tube used (see table below);
frequency range of any unit can be changed to that of any other by
the insertion of the appropriate klystron tube.

Amplitude Modulation:

Internal: 1-kc square wave, adjustable +15 cps.

External: Square wave — 50 cps to 200 ke; sine or square-wave
modulating signal of at least 15 volts, rms, required — Type 1210-C
Unit R-C Oscillator recommended.

Pulse: 1- to 10,000-usec duration, less than 0.2-usec rise and fall
times, 50-cycle to 200-kc repetition rate; at least 20-volt peak pulse
voltage required — TYPE 1217-B Unit Pulse Generator recommended.
Frequency Modulation: At least 15-Mc excursion with less than 3-db
change in output at 60 cps and rms-input of the order of 10 volts.
Output Terminal: Locking Typre 874 Coaxial Connector. This instru-
ment can be equipped with type N, BNC, TNC, SC, C, or UHF
connectors through the use of locking adaptors, listed on page 64.
Power Requirements: An external Unit Power Supply as shown below

This instrument includes an adjustable,
reguiatea source of repeller voltage, a Schmitt squaring
circuit, a 1000-cycle rc oscillator, and a socket for a reflex
klystron tube.

Eight plug-in klystrons cover the frequency range. The
oscillator is listed with each single klystron; additional
klystrons can be ordered as desired.

The frequency range listed for each klystron can be
covered by screw adjustment at the rear of the instrument.
With most of the klystrons listed, this can be accomplished
without removal of shield.

is required. AC line connection to the TyYPE 1220-A instrument is
made through this power supply. Tyre 1201-B Unit Regulated
Power Supply is recommended for high stability and minimum inci-
dental fm (page 173); normal power-line frequency is 50 to 60 cps,
but can be 400 cps, provided that the line voltage is between 115
and 125 volts.

Accessories Recommended: Fixed attenuator pad for isolating oscilla-
tor from load (page 69); TypPE 874-VQ or -VR for facilitating tuning
adjustments (page 67).

Cabinet: Unit Instrument (see page 210).

Dimensions: Width 15, height 534, depth 614 inches (380 by 145 by
160 mm), over-all. As shown here, including power supply, 15 by
534 hy 614 inches (380 by 145 by 160 mm), over-all, Relay-rack
adaptor panel listed below mounts both instrument and power
supply (panel 19 by 7 inches).

Net Weight: 6 pounds (2.8 kg) with klystron (less power supply).
Shipping Weight: 14 pounds (6.5 kg).

Nominal Tube
Output Code only Code
Type in Milliwatts Number Price Type Number Price

Klystron Power Supply with Klystron, for
1220-A1 2700-2960 Mc 100 220-9411 $385.00 726-C 8370-1800 } 65.00
1220-A2 2950-3275 Mc 90 220-9412 395.00 6043 8380-6043 75.00
1220-A3 3400-3960 Mc 90 220-9413 385.00 2K29 8320-0700 65.00
1220-A4 3840-4460 Mc 75 1220-9414 422.50 2K56 8320-0800 102.50
1220-A5 4240-4910 Mc 100 1220-9415 385.00 2K22 8320-0600 65.00
1220-A6 5100-5900 Mc 80 1220-9416 412.00 6115 8380-6115 92.00
1220-A7 5925-6450 Mc 100 1220-9417 388.00 QK404 8300-1200 468.00
1220-A8 6200-7425 Mc 90 1220-9418 388.00 5976 8380-5976 68.00
1220.A Kiystron Power Supply (without Tube) 1220-9701 320.00
1201-8 Unit Regulated Power Supply {required) 1201-9702 95.00
480-P4U: Relay -Rack Adaptor Panel (holds both

oscillator and power supply) )480-9986 12.00

All klystron tubes except the 6043 are designed for relatively infrequent tuning. The oscillator will also operate with the Tyre 2K25
(8350-9660 Mc) and TypE 2K26 (6250-7060 Mc) Klystrons.

PATENT NOTICE. See Note 4, page viii.

Power for the klystron cathode and for the

internal 1-ke modulator is furnished by an

external Unit Power Supply, shown here
with the oscillator.

MODULATION
[

~ REPELLER YOLTA6€
%

N
KLYSTRON
OSCILLATOR
TYRE 1220-3

EXTERNAL -
IDULATION
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MODE SUPPRESSCR

BUTTERFLY
TUNING UNIT _/COUPLING LOOP

CABLE TERMINATION
500

ATTENUATOR

CALIBRATED AT TENUATOR
DAL

MOVABLE

VOLTMETER

REGTIFIER N\

£
QUTPUT - )
IMPEDANGE

50a

QUTRYT
CONNECTOR

ATTENUATOR
DRIVE MECHANISM

ol

Functional diagram of output system,

impedance and (2) in terms of available power (db below one milli-
watt).

Voltage Range: Continuously adjustable from 0.5 microvolt to 1 volt
behind 50 ohms.

Voltage Accuracy: Over-all accuracy of output is better than +2 db.
The accuracy of voltmeter calibration between 0.5 and 1.0 volt is
better than +1 db. The accuracy of the attenuator-dial calibration
for voltages between 1.0 microvolt and 0.1 volt is better than +0.5
dbj; from 0.1 volt to 0.5 volt, better than +1 db.

Impedance; 50 ohms +109, following the output meter.

Power: Directly calibrated from 0 to 126 db below 1 milliwatt into
50 ohms.

Amplitude Modulation: Adjustable, 0 to 509,. Internal, 1000 cps
+5%, External, flat within 3 db from 30 cps to 15 ke. For 509,
modulation, external audio oscillator must supply 18 volts across g
100-kilohm load. The Tvp® 1311-A Audio Oscillator or TyrE 1210-C
Unit R-C Oscillator is recommended.

incidental Frequency Modulation: For 509, amplitude modulation the
incidental fm is approximately 100 parts per million for frequencies
up to 400 Me and is approximately 1000 parts per million at 920 Me.

When lower values of incidental fm are required, the Type 1000-P6
Crystal-Diode Modulator or the Type 1000-P7 Balanced Modulator
(page 126) is recommended.

Distortion and Noise Level:

Envelope Distertion: Approximately 5%, at 509, modulation.

Carrier Noise Level: Corresponds to about 0.29, modulation.
Leakage: Stray fields and residual output voltage are sufficiently low
for measurements on receivers of one-microvolt sensitivity.
Terminal: Locking Tvpe 874 Coaxial Connector. This instrument can
be equipped with type N, BNC, TNC, 8C, C, or UHF connector
through the use of locking adaptors, listed on page 64.

GENERAL
Power Requirements: 105 to 125 (or 210 to 250) volts, 50 to 60 cps.
Power input is approximately 50 watts at 115 volts.

This instrument will operate satisfactorily on power-supply fre-
quencies up to 400 cps, provided that the supply voltage is between
110 and 125 volts.

Accessories Supplied: Type 874-R22A Patch Cord, Type 874-C58A
Cable Connector, Type CAP-22 Power Cord, and spare fuses.

Other Accessories Available: TYPE 874 Fixed Attenuators, Type 874
Coaxial Elements (pages 59 to 72), Tyre 1000-P6 Crystal-Diode
Modulator, Typre 1000-P7 Balanced Modulator (page 126).

Cabinet: Lab bench (see page 210). The left-hand side houses the
Typre 1021-P1 Power Supply; the right-hand side houses the TypE
1021-P2 UHF Unit.

Dimensions: Width 2014, height 1314, depth 11 inches (515 by 345
by 280 mm), over-all.

Net Weight: 3714 pounds (17.5 kg).

Shipping Weight: 50 pounds (23 kg).

TYPE 1021-AV VHF STANDARD-SIGNAL GENERATOR

Same as Type 1021-AU (above) except as noted
Carrier-Frequency Range: 40 to 250 Mc in two bands, 40 to 50 Me
and 50 to 250 Mec.
Sweep: The TYPE 1750-A Sweep Drive, attached to the slow-motion
dial, will sweep the frequency approximately 4, 9, and 209, at 40,
50, and 250 Me, respectively.
Incidental Frequency Modulation: For 509, amplitude modulation the
incidental fm is approximately 100 parts per million for frequencies
up to 100 Me, and is approximately 500 parts per million at 250 Me.
When lower values of incidental fm are required, the Typs 1000-P6
Crystal-Diode Modulator or the Tyes 1000-P7 Balanced Modulator
(page 126) is recommended.
Cabinet: Same as for Tyrg 1021-AU, above. Generator consists of the
Tyer 1021-P1 Power Supply and Tyre 1021-P3B VHF Unit.

Type Code Number Price
1021-AU UHF Standard-Signal Generator, 250-940 Mc 1021-9939 $795.00
1021-AV VHF Standard-Signal Generator, 40-250 Mc 1021-9827 795.00
1021-P2 UHF Oscillator Unit* only, 250-940 Mc 1021-9602 475.00
1021-P3B VHF Oscillator Unit* only, 40-250 Mc 1021-9920 475.00
1021-P1 Power Supply (includes modulator unit and cabinet 1021-9601 320.00

PATENT NOTICE. See Notes 4 and 10, page viii,

* Less power supply unit and cabinet. Can replace oscillator unit in signal generator listed above, to provide

additional frequency range.

"'ype 1000-P5 VHF TRANSFORMER

50 Ohms, Grounded, to 300 Ohms, Balanced

The Type 1000-P5 VHF Transformer is designed to
plug into a standard-signal generator having a 50-ohm
grounded output and to produce an equal, balanced, open-
circuit voltage behind a 300-ohm balanced impedance for
measurements of fm and receivers.

One end of the transformer is terminated in a socket
designed to receive the Alden Type HA902P Connector
for standard 300-ohm open parallel-wire line ; the other end
has a Tvyer 874 Coaxial Connector,

Dimensions: Diameter 74, length 434 inches (23 by 115 mm).
Net Weight: 334 ounces (0.1 kg). Shipping Weighi: 2 pounds (1 kg).
Jode Numbe

1000-9605

Price
$27.50

Type
1000-P5

VHF Transformer

+2 j
I OPEN-CIRCUIT Lﬂ m]
i Q
g -2 e
-4
300 OHM TERMINATION
t R o A AV A 4 WA e
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l'ype 1000-P6 CRYSTAL-DIODE MODULATOR

This insertion-loss modulator is an inexpensive means of producing fm-free amplitude
modulation. The diode resistance varies with the voltage across it and thus can be modulatgd
by an ac voltage. Inserted between generator and load, the modulator produces variations in

Carrier-Frequency Range: 20 to 1000
Me. The insertion loss increases 10 db
at a carrier frequency of 10 Mec.
Modulation-Frequency Range: 0 to 5 Mec; about 2 db down at 5 Me.
Impedance: For use with a 50-ohm source, 50-ohm load. Impedance
at modulation terminals is approximately 600 ohms.

Modulation: With 50 millivolts rf input, 309, amplitude modulation
is obtainable at carrier frequencies between 20 and 1000 Mec. For
optimum sine-wave modulation, an average crystal requires 1.5 volts
bias, and the insertion loss is about 12 db. Approximately 0.2 volt,
rms, at modulation terminals will produce 30% modulation. Maxi-
mum percentage modulation at 1000 Mec is about 30%. Maximum
peak-modulation voltage is 4 volts.

Terminals: The rf and modulating terminals are Tyee 874 Coaxial
Connectors. Modulation terminals accept either a Type 874 Coaxial
Connector or a Tyee 274-M Plug. Bias terminals are Tyre 938
Binding Posts.

Crystal Diode: IN21B.

Accessories Supplied: One Tyrz 274-MB Plug.

Other Accessories Req-irad- Terminal adaptors (pages 64 and 208),

amplitude corresnnnding to the variations in resistance.

@

Typical modulation characteristics for the
Type 1000-P6 Crystal-Diode Meodulator
at various carrier frequencies.

A
S B
A -

unless generator and load have Type 874
Coaxial Connectors; 1.5-volt battery for fixed
bias, or a 3-volt battery and a 10,000-ohm
rheostat for adjustable bias.
Accessories Available: TYPE 874 Fixed At-
tenuators, Type 874-R20A Patch Cord,
Type 1000-P5 VHF Transformer, Tyre
874-Q Coaxial Adaptors.
Dimensions: Width 5, height 4, depth 1-1/16 inches (130 by 105 by
27 mm), over-all.
Net Weight: 1 pound (0.46 kg).
Shipping Weight: 5 pounds (2.3 kg).
Type

1000-P6 Crystal-Diode Modulator

PATENT NOTICE. See Note 4, page viii.

|
Lz

N ou &
T N
2 T’ D
PR

E -z =t
DC MOBULATING VOLTAGE (ZERD BIAS)

APPIIOXIMATE. MILLWOLTS BRI OUTRT, €,

Price
45.00

Jode Number
1000-9606

[ype 1000-P7 BALANCED MODULATOR

This instrument is an insertion-loss modulator for
puwse and sine-wave modulating the output of generators
over the carrier-frequency range of 60 to 2300 Mec. [t is
particularly useful for pulse modulation where a high
degree of carrier suppression is desired with good rise-time
characteristics and for linear-modulation systems where
1009, modulation is required with modulating frequencies
up to 20 Me. It can be used for tests on television and radar
receivers, microwave relay systems, telemetering circuits,
and narrow-band systems where incidental fm must be
negligible.

The balanced modulator is recommended for nse with

Carrier-Frequency Range: 60 to 2300 Mec.
Modulation-Frequency Range: Flat, 0 to 20 Mec. For pulsing, rise-time
is less than 0.02 microsecond.
Impedance: Input and output impedances are functions of bias and
modulating voltages. Source and load impedances should be 50 ohms.
Impedance at modulation input is 50 chms + 5%, Where the attenu-
ation can be tolerated, a TyprE 874-G20 (20-db) or a TyprE 874-G10
(10-db) Fixed Attenuator should be used at the input and output.
Modulation: Double-sideband, suppressed-carrier modulation, pulse
modulation with 60-db carrier suppression between pulses, and 1009,
amplitude modulation throughout carrier-frequency range. One volt
peak, at the modulation terminals, will produce full rf output from
zero initial condition.
RF Ovtput: 10 millivolts, maximum, into 50 ohms, on pulses or at
modulation peaks, with a source of 50 millivolts behind 50 ohms,
Higher input and output voltages are permissible if bias and
balance readjustments are made for each change in level. The rf
source must not exceed 0.5 volt behind 50 ohms, or erystal diodes
may be damaged.

Bias Supply: Self-contained battery of flashlight cells.

FUK 1UUY0 LINEAK A M
AND PULSE MODULATION

the Type 1217-B Unit Pulse Generator or Type 1391-B
Pulse, Sweep, and Time-Delay Generator for pulse-modu-
lating output of TypE 1021-A Standard-Signal Generator.

Two crystal diodes are used in separate

signal patns petween input and output. In one path is a
coaxial phasing line, set to an odd multiple of one-half wave-
length at the carrier frequency. The output circuit in-
cludes a simple high-pass filter.

For small rf signals the impedances of the diodes can be
controlled by variation of the applied bias.

Controls are provided for balancing out the carrier.

Terminats: 1 YPE 874 Coaxial Connectors. Adaptors are described on
pages 64 and 208.
Crystal Diodes: Two TYPE 1N21-B.

Accessories Supplied: One 40-cm cable; one 80-cm cable; one TyPE
874-C58A Cable Connector,

Other Accessories Required: Suitable coaxial cable for connecting
modulation source. TYrE 874-R33 (page 70) is recommended.

Accessories Available: TYPE 874-G Fixed Attenuators (page 69);
Tyer 1000-P5 VHF transformer; Type 874-R Patch Cords (page 70).

Dimensions: (Fully extended) — width 30, height 3, depth 5 inches
(765 by 77 by 130 mm), over-all. Length with line telescoped —
20 inches (510 mm).

Net Weight: 6 pounds (2.8 kg).
Shipping Weight: 13 pounds (6 kg).
Type Code Numbe Price
1000.Pi 1000-9607 $245.00

PA’_I‘ENT NOTICE. See Note 4, page viii. All signal generators and accessories are
equipped with Tvype 874 Coaxial Connectors.

Balanced Modulator

t} Amplitude-madulation characteristic at 900 Mc. Peak rf out
10 millivolts; rf input, 50 millivolts. (Right) Oscillogram showing
modulation pulse and rf output pulse, Pulse duration is 0.25 usec with
0.05-usec rise time. Carrier frequency is 60 Mc. Scale is 0.1 usec per
horizontal division,
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FREQUENCY

Range: 0.7 to 230 Mec in 10 ranges (0.7 to 1.4, 1.3 to 2.6, 2.4 to 4.8,
4 to 8, 7 to 14, 13 to 26, 24 to 48, 40 to 80, 65 to 140, and 100 to
230 Mec) and bandspread ranges of 400 to 500 ke and 10.7 + 0.3 Me.

*Alternate range sectors can be substituted in the range-selector
turret. Those presently available are: 0.4 to 0.8 Me, 2 + 0.1 Me,
2.8 + 0.1 Mg, 4 to 5 Mec, 16 + 0.3 Mg, and 40 to 50 Mec. Special
bandspread ranges can be provided according to the following
schedule:

Specified Center Frequency Bandundth

Between 0.4 and 0.5 Mc +0.01 Mec
0.45 and 1.6 Mc +0.03 Mc¢
1.4 and 5 Me +0.1 Mc
4.5 and 16 Mec +0.3 Mec

Control: 11-inch semicircular dial; scales are logarithmic for octave
ranges up to 80 Me, quasi-logarithmic between 65 and 230 Me,
essentially linear for all bandspread ranges. Slow-motion vernier
drive dial is provided. One division on the vernier dial represents
approximately 0.19, frequency difference on the octave frequency
ranges.

Calibration Accuracy: At output voltages less than 0.3 volt, frequency
is indicated to within +0.5%, when scale corrector is set to bring dial
to index line, At output voltages above 0.3 volt, an external load on
the output can produce frequency changes as large as +0.5%. With
an external frequency meter, scale corrector can be used to bring
dial into agreement, for frequency resolution within +0.1%.

Drift: Not greater than 0.39, for five hours after one-hour warmup.
Sweeping Rate: Frequency is swept from low-frequency end to high-
frequency end of range in 22.2 milliseconds 20 times per second.
Output is blanked off for return sweep.

Sawtooth Sweep Voltage: Adjustable in amplitude up to 100 volts,
peak-to-peak. Also adjustable in starting point in the frequency
range.

Marker: Internally generated marker of half-sinusoidal waveform is
adjustable in amplitude from 3 millivolts to 1 volt and in frequency
over the full sweep range; response amplitude multiplier effectively
extends range up to 100 volts. Amplitude is indicated to an accuracy
of £10%,.

RF QUTPUT

Voltage: Adjustable from 0.3 microvolt to 1 volt behind 50 ohms
(—123 to 7 dbm power into 50 ohms).

Over-all Voltage Accuracy: +149%, up to 100 Me, due to maximum
voltmeter and attenuator errors listed below. Above 100 Me, har-
monics may add additional error of +39.

Voltmeter Error: +29, (429, of full scale reading).

Attenuator Error: 1%, per step to maximum of 6%.

Stability: Output is held at preset level to within +19% (0.1 db) up to
100 Mc and within +3%, (0.25 db) up to 230 Me. Changes due to
line-voltage variations and range switching will not exceed +3%,
(0.25 db). A TypE 874-R22A Patch Cord will reduce output 59, (0.4
db) at 230 Me.

Impedance; 50 ohms resistive with a vswr of less than 1.01 at the
panel jack. With a Type 874-R22A Patch Cord, vswr at the output
of the cable will be less than 1.1 over the frequency range.

Leakage: External 1f field produces negligible interference with meas-
urements down to the lowest levels provided by the generator.
RESPONSE AMPLIFIER

Maximum Input Voltage: 1, 10, or 100 volts as selected by the response-
amplifier multiplier switch. Noise level is less than 1 millivolt, peak-
to-peak, referred to the input at the X1 (1 v) position of the multi-
plier switch, 10 millivolts at the X 10(10 v) position, and 100 milli-
volts at the X100 (100 v) position.

*Prices on request.

Input Impedance: 1 megohm in parallel with 30 to 45 pf.

Gain; Approximate dc amplification between external response input
connector and vertical display output connector is X8 (18 db) at the
X1 position of the multiplier, X0.8 at the X 10 multiplier position,
and X0.08 at the X100 multiplier position.

Bandwidth: Greater than 10 ke. Sufficient for passing all details of
any response that can be resolved at the maximum sweep rate of
the generator.

Polarity: A polarity-reversing switch is provided to give a positive
display vertical output voltage with either positive or negative
inputs from the external response detector.

DISPLAY OUTPUT VOLTAGES

Vertical: Up to +8 volts into 100-kilohm load, consisting of marker
plus response to be displayed.

Horizontal: Up to 4100 volts de or sawtooth peak into 100-kilohm
load.

GENERAL
Frequency Output Voltage: 0.1 to 0.3 volt behind 50 ohms for operating
external frequency meter or external marker generator.
Exfernal Marker Input Voltage: 1 volt, peak-to-peak, into 50 kilohms.
Birdie-type markers can be applied which are controlled in amplitude
and added to the response displayed.
Power Requirements: 105 to 125 (or 210 to 250) volts, 60 (or 50) cps,
as specified below. Maximum input power is 145 watts.
Terminals: Recessed TyrE 874 Locking Connectors, except for EXTER-
NAL MARKER input connector, which is a standard telephone jack.
For connection to type N, BNC, TNC, 3C, C, or UHF connector,
use a locking adaptor (page 64), which locks securely in place, yet is
easily removed. Panel connector is recessed, and adaptor projects
only about an inch from panel. See also page 62.
Accessories Supplied: TYPE 1025-P1 Detector Probe, three TyYpPE 874~
R22A Patch Cords, three Typre 874-R33 Patch Cords, three Type
874-C58A Cable Connectors, six Tyre 838-B Alligator Clips, TyrE
CAP-22 Power Cord, spare fuses.
Accessories Available: TYPE 874-VQ Voltmeter Detector, TYPE 874-
WM 50-ohm Termination, Tyrrs 908-P2 and -P3 Synchronous Dial
Drives.
Cabinet: Rack-bench (see page 210).
Dimensions: Bench model — width 19, height 16, depth 1334 (485 by
410 by 350 mm), over-all; rack model — panel 19 by 1534 inches
(485 by 400 mm), depth behind panel 1114 inches (290 mm).
Net Weight: 73 pounds (34 kg).
Shipping Weight: 108 pounds (50 kg), approximately.

Type 1025-P1 Detector Probe (supplied with instrument)
Input Impedance: 1.5 pf, in parallel with 25 kilohms up to 10 Mec
decreasing to 6 kilohms at 250 Mec.

Maximum RF Voltage: 3 volts, rms.
Frequency Characteristic: Flat within 59, (0.4 db) from 0.4 to 250 Me.
Output Polarity: Positive.

Transfer Characteristicc DC output voltage equals the rms rf voltage
above 0.5-volt input; essentially square-law characteristic helow
50 millivolts, rms, rf input.

Fall Time: Less than 150 usec, sufficiently short to follow all details of
any response that can be resolved at the maximum sweep rate of the
Tyre 1025-A.

For a more complete description of this instrument refer to the
General Radio Expertmenter, 37, 1, January, 1963.

Type Code Number Price

1025-AM Standard Sweep-Frequency Generator,

Bench Model 1025-9801 $3250.00
1025-AR Standard Sweep-Frequency Generator,

Rack Model 1025-9811 3250.00
1025-AMQ1 Standard Sweep-Frequency Generator

(for 50-cycle supply), Bench Model 1025-9495 3300.00
1025-ARQ1 Standard Sweep-Frequency Generator

(for 50-cycle supply), Rack Model 1025-9496 3300.00

PATENT NOTICE. See Note 4, page viii.
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CUTPUT
Frequency Range Signal
20-20,000 cps Sine Wave
20-20,000 cps Sine Wave

20-20,000 cps Square Wave

20 ke—=12 Mc Sine Wave
20 k=12 Mc Sine Wave
20 kc—2 Mc Square Wave

20 k=12 Mc Center Freq

. *
0to +6 Mc Sweep Sine-Wave Sweep

20 kc—12 Mc Center Freq

. *
0to +6 Mc Sweep Sine-Wave Sweep

3042 Mc Sine Wave

36—-42 Mc Center Freq

A *
0 to +6 Mc Sweep Sine-Wave Sweep

* Sweep rate is at power-line frequency. ** Typical, nuv guarunteeu.

FREQUENCY
Controls and Calibration; Main dial, inner scale, 20 cps to 20 ke,
logarithmic, 80° per decade, scale length approximately 10 inches;
outer scale, 20 ke to 12 Mc, approximately logarithmic up to 5 Me,
approaching linear distribution at high end, scale length approxi-
mately 12 inches.

Frequency-increment dials, audio —50 to -+50 cps; video —20
to +20 ke.
Accuracy: Audio range, +(19% + 1 cps) after zero-beat setting;
video range, +(19% + 1 ke) from 500 ke to 12 Me, +(2% + 1 ke)
below 500 ke, after zero-beat setting. Frequency-increment dials,
audio +1 cps; video, +0.5 ke. The frequency-increment dial does not
operate on the video-sweep range.
STABILITY
Audio Range: The drift from a cold start is less than 20 cps in two
hours.
Video Range: The drift from a cold start is less than 20 kilocycles in
two hours.
Zero-Beat Indicator: Qutput voltmeter.
OUTPUT See table above.
Voltmeter: The panel meter indicates rms sine-wave voltage to +3%
and peak-to-peak square-wave voltage to +5%. Auxiliary scale
indicates 0- to 20-db value below full scale. The sine-wave voltmeter
is connected in series with a 10-uf .capacitor to the 10-volt output
jack.
Attenvator: 75 ohms in eight steps of 10 db each, with an accuracy
of +19, of nominal. Sine-wave, full-scale, open-circuit voltages are
0.1 mv, 0.3 mv, 1 mv, 3 mv, 10 mv, 30 mv, 0.1 v, 0.3 v, and 1 v.
Square-wave, full-scale, open-circuit voltages are 1 mv, 3 mv, 10 mv,
30 mv, 100 mv, 300 mv, 1 v, 3 v, and 10 v.
Horizontal Deflection Voltage: 4 volts at 60 cps (or power-line fre-
quency) for horizontal deflection of a cathode-ray oscilloscope. Since
both this voltage and the frequency distribution of the sweep output
vary sinusoidally, the oscilloscope pattern is approximately linear.
A blanking voltage (50-volt, peak-to-peak, square-wave) is also
supplied.
Square-Wave Characteristics: At 60 ¢ps, ramp-off is less than 29, of
the peak-to-peak amplitude; at 20 cps, less than 5%,. Rise time for
frequencies from 300 ke to 2 Me is less than 75 nanoseconds. At 20 ke
the rise time is approximately 150 nanoseconds. Over-shoot is about
109, of the peak-to-peak output voltage.

Tolerance

+0.25 db

I'mpedance
820 2 +2%
75 Q +2% |Attenyator)

+0.25 db 40 ¢ps—20 ke
+0.75 db at 20 cps

+0.25 db 75 Q@ +29% (Attenuvator)
" db 820 0 +2%

db 75 @ +2% (Attenuator)
).5 db 75 @ +2% {Attenuator)

db {(up to 12 Mc) 820 Q@ +2%

db {up to 12 Mc) 75 @ +£2% (Attenuator)

db** Approx 50 ©

50 2 or higher load

, * %
~db recommended

FM i-f characteristic of an fm-am tuner as measured with the beat-frequency

video generator, Center frequency is 10.7 Mc; (left) with marker at 10.7 Mc;

(center) same without marker; (right) with 100-kc markers from the
Type 1213-D Unit Time/Frequency Calibrator. Scale, 100 ke/cm.

Harmonic Distortion: Sine-wave output, less than 19, of output on the
20-cps-to-20-ke range and less than 49, of output on the vipro
swEEP and 20-ke to 12-Me ranges.

AC Hum: Less than 0.19%, of the output for voltmeter readings above
109, of full scale.

Terminals: Type 874 Coaxial Connectors. Attenuator output has
locking type, other output connectors are nonlocking. For adaptors
to other types, see page 64.

GENERAL

Power Requirements: 105 to 125 (or 210 to 250) volts, 50 to 60 cps.
Power input at 117 volts is approximately 175 watts, maximum.
Instrument will operate normally, except for sweep output, at supply
frequencies up to 400 cps.

Accessories Supplied: One TyrE CAP-22 Power Cord; two TYPE 874-
R22A 50-ohm Patch Cords; one Tyre 874-413 75-ohm Patch Cord,
one Typr 874-Q2 Adaptor, three Typr 874-C58A Cable Connectors,
and spare fuses.

Other Accessories Available: Tyre 1521-A Graphic Level Recorder
for automatic recording at audio frequencies; Tyre 1750-A Sweep
Drive for slow-speed sweeping; TyPE 908-R Dial Drive for xv plots;
TypE 1213-D Unit Time/Frequency Calibrator for timing markers.
Cabinet: Rack-bench (see page 210).

Dimensions: Bench model — width 19, height 1534, depth 1414
inches (485 by 400 by 370 mm), over-all; rack model — panel 19 by
1634 inches (485 by 400 mm), depth behind panel 12} inches
(315 mm).

Net Weight: Bench model, 64 pounds (29 kg); rack model, 61 pounds
(28 kg).

Shipping Weight: Bench model, 120 pounds (55 kg); rack model,
117 pounds (54 kg).

Type Code Number Price
1300-AM Beat-Frequency Video Generator,
Bench Model 1300-9801 $2450.00
1300-AR Beat-Frequency Video Generator,
Rack Model 1300-9811 2450.00

PATENT NOTICE. See Note 4, page viii.
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74 [£)
604
NOISE TUSE.

Elementary

schematic
of the

generator.

&+

Waveform: Noise source is a gas tube that has good normal or Gauss-
ian distribution of amplitudes for ranges of the frequency spectrum
that are narrow compared to the band selected. Over wide ranges the
distribution is less symmetrical because of dissymmetry introduced
by the gas tube. Appreciable clipping occurs on the 500-kc and
5-Mc ranges.

5Mc [
9 o RANGE
] LT
[}
cS-5
& Oke X500k
J RANGE RANGE
~10
e 5¢ 10c i00¢ ™ 10ke 100ke Mc JoMe
FREQUENCY

Typical spectrum-level characteristics.

LOW-PASS =
FILTERS

V4
6405

QUTPUT VOLTS @ r————— ———— o — ——
AMP I - MULTIPLY BY
\ /,‘1 ol 0.0i @0.00t ¢0.000i
2 E: at A VW W WA
1) ( C}D/ [
z 3 z 2

—_L \OUTPUT
¥

Voltmeter: Rectifier-type averaging meter measures output. It is cali~
brated to read rms value of noise.
Attenuator: Multiplying factors of 1.0, 0.1, 0.01, 0.001, and 0.0001.
Accurate to +39% to 100 ke, within +109, to 5 Mc.
Power Requirements: 105 to 125 (or 210 or 250) volts, 50 to 60 cps.
Power input is approximately 50 watts. This generator will also
operate satisfactorily on line frequencies up to 400 cps.
Accessories Supplied: TypE CAP-22 Power Cord, spare fuses.
Cabinet: Convertible bench (see page 210).
Dimensions: Width 123/, height 714, depth 937 inches (325 by 190
by 250 mm), over-all. Panel adaptor plate sets are available for
19-inch relay-rack mounting (panel height 7 inches).
Net Weight: 12 pounds (5.5 kg).
Shipping Weight: 28 pounds (12.8 kg).

For a more complete description, ask for Reprint E-110.

Type Code Number Price
1390-B Random-Noise Generator 1390-9702 $295.00
480-P412 Relay-Rack Adaptor Set 0480-9642 7.00

'ype 1390-P2 PINK-NOISE FILTER

i3
£ pehgan
ol SV b
s ok
T .
S

View of the noise generotor with
2 ! pink-noise filter plugged into the
’ \ output terminals.

Frequency Response: Sloping —3 db per octave from 20 cps to 20 ke,
—6 db per octave above 20 kc. Output voltage is approximately —5
db with respect to the input voltage at 20 cps and —35 db at 20 ke.
It lies within 1 db of the straight line connecting these two points
on a graph of output in decibels vs log frequency.

Over-all Output Level: When the filter is used with the random-noise
generator set for the 20-ke range, the output voltage of the filter is
approximately 30 db below its input, and the voltage level in each
one-third-octave band is approximately 17 db below that. Thus,
when the output meter of the generator indicates 3 volts, the output
of the filter is approximately 0.1 volt, and the level in each one-third-
octave band is approximately 15 millivolts.

input Impedance: The filter should be driven from a source whose
impedance is 1 kilohm or less. Input impedance is variable from
6.5 kilohms 4 load resistance at zero frequency to 6.7 kilohms at
high frequencies.

Ovutput Impedance: The filter should not be operated into a load of
less than 20 kilohms. Internal output impedance is variable from
6.5 kilohms -+ source resistance at low frequencies to approximately
200 ohms at high frequencies.

Input Voltage: 15 volts, rms, maximum.

Terminals: Input terminals are recessed banana pins on 34-inch
spacing at rear of unit. Output terminals are jack-top binding posts
with 24-inch spacing.

When white noise is used for frequency-response meas-
urements in conjunction with a constant-percentage band-
width analyzer, the amplitude-frequency characteristic of
a “flat” system appears to slope upward with increasing
frequency at a rate of 3 db per octave, owing to the con-
stantly increasing bandwidth (in cycles) of the analyzer.
The Typr 1390-P2 Pink-Noise Filter converts the output
of the random-noise generator in the audio-frequency range
from “white’” noise to “pink” noise, which has constant
energy per octave. It plugs into the output terminals of the
Tyre 1390-B Random-Noise Generator.

\\
-t
N
Response- N
frequency \
characteristic @ -20 N 1
@ N
of the a \
. . 2
pink-noise 250 A\
filter. w ‘\
2
(<]
&
W -40
-50 \
-0 |
10¢ 100¢ ke 10k 100 ke

FREQUENCY

Dimensions: Width 134, height 5, depth 274 inches (35 by 127 by
73 mm), over-all.

Net Weight: 6 ounces (0.2 kg).
Shipping Weiqht: 1 pound (0.5 kg).
Jode Numbe

1390-9602

Price
}45.00

Type
1390-PJ

Pink<Noise Filter
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lype 1840-A OUTPUT POWER METER

Wide frequency response — 20 c¢ps to 20 ke.

Quasi-rms indieation — reads rms with harmonics up to 209%.
18 different impedances — 0.6 ohm to 30 kilohms.

Measures power from 0.1 milliwatt to 20 watts.

The Typr 1840-A Output Power Meter measures
audio-frequency power into any desired load. Its im-
portant uses include the measurement of:

Power output of oscillators, amplifiers, preamplifiers,
transformers, transducers, and low-frequency lines.

Output impedance, by adjustment of the load seen by
the device under test to yield maximum power indication
on the meter.

Frequency-response characteristics of amplifiers, trans-
formers. and other audio-frequency devices.

The TypE 1840-A Output Power Meter is
pasteally a multi-tapped audio-frequency transformer with
a fixed secondary load.

The fixed secondary load is reflected to eight identical

Power Range: 0.1 milliwatt to 20 watts, except as notead on the ac-
companying derating curves and table. Auxiliary db scale reads from
—15to +43 db re 1 milliwatt.

Impedomre Settinn of Type 1840-A

. {08 0.8 1 1.25 1.6 2
g] 25 3.12 4 5 6.4 8
g 10 12,5 16 20 25 32
40 50 64 80 100 28

@ [ 015 0.2 0.25 0,312 0.4 0.5
Elos 0.8 1 1.25 1.6 2
S 2s 3,12 4 5 6.4 8
¥ (10 12.5 16 20 25 32
A B c D E F

{Refer to curves at right}

Impedance Range: 0.6 ohm to 32 kilohms in two ranges; yielding
48 individual impedances spaced approximately V1 apart.
ACCURACY

Power: At 1 ke, £0.3 db; from 50 to 6000 cps, +0.5 db; from 30 to
10,000 cps, +1 db; at 20 cps, —1.5 db max, —1 db average; at
20,000 cps, —5 db max, £1.5 db average.

Impedance: At 1 ke, +69%, max, —0.5%, average; from 70 to 5000 cps,
+79% for values below 10,000 ohms (7%, from 70 to 2500 cps for
10,000 ohms and above); at 20 cps, —159, max, —89, average; at
20,000 cps, =509, max, +129, average.

Waveform Error: A quasi-rms meter is used which will indicate true
rms with as much as 209, second and third harmonics present in
the input signal.

primary windings. A front panel switch connects the eight
primary coils in four different series and parallel combina-
tions, and ecach primary combination is used with any
one of six secondary taps, thus providing 24 different
primary impedances. Fach of these 24 impedances can in
turn be multiplied by 250 with a sccond front panel switch.
The end result is a total of 48 primary impedances.

The use of grain-oriented silicon steel in a laminated
core yields a 20-watt rating with a relatively small core.
The range can be extended to 200 watts for any particular
impedance with the addition of a simple T-network
attenuator. Details are given in the instruction book.

Interleaving of primary windings with secondary wind-
ings in two separate pi’s permits measurements from
20 to 20,000 cps.

2
CURVE Y, 4 0
4 /4 4 Y
A—wl 4 7 4
p A pd
B} A )4 15
£ /| / pd
Y / W A
I yARV.ARV.4
Yy /V /' 1%
4 7 —
D——» A 10 &
P
- =
E—n
V
F N
5
1 ]
1 1 o
20 25 30 35 40

CYCLES PER SECOND
Derating vs impedance setting and frequency.

Cabinet: Convertible bench (see page 210).

Dimensions: Width 12, height 4, depth 8 inches (305 by 105 by
205 mm), over-all. Panel adaptor sets are available for 19-inch relay-
rack mounting (panel height 314 inches).

Net Weight: 1034 pounds (4.9 kg).

Shipping Weight: 18 pounds (8.5 kg).

Type Code Number Price
1840-A Output Power Meter 1840-9701 $210.00
480-P212 Relay-Rack Adaptor Set 0480-9622 6.00

o r
Setds ;
Ty

0"y,

POWER

BENERAL RADICCOMPANY,
B MABRACHUSETTS Tigy
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Calibration: A certificate of calibration is supplied with each unit
giving the measured capacitance at 1 ke and at a specified tempera-
ture. The measured value is the direct capacitance between shielded
terminals when the capacitor has at least one lead completely shielded
and its case connected to a guard point. This value is obtained 'by
comparison, to a precision better than + (0.019, -+ 0.00001 pf), with
working standards whose absolute values are known to an accuracy
typically +0.019%, determined and maintained in terms of reference
standards periodically certified by the National Bureau of Standards.
Stahility: Capacitance change is less than 0.05%, per year.

Residual Impedances: See equivalent circuit and plot.

Temperature Coefficient of Direct Capacitance: +30 + 10 ppm per
degree C between 20 and 70 C.

Terminals: TYPE 874 Coaxial Connectors, which provide complete
shielding of the leads.

Mounting: Aluminum panel and cylindrical case.

Accessories Supplied: Two Typg 874-C58A Cable Connectors.

Dimensions: Diameter 3 1/16 inches (78 mm), height 474 inches
(125 mm), over-all.

Net Weight: 1 pound (0.5 kg). Shipping Weight: 4 pounds (1.9 kg),

Equivalent circuit showing
direct capacitance, Cg,and
average values of residual

\\\

as

/50, %3
Lg,
Olor

0
Jor
a7

CHANGE IN CAPACITANCE %

inductance, [, and terminal S Se
. ol 1R
capacitances, C; and Cp. /
0.05
| | | |
1 | [ | / /
rk_._l [E— L 002
| A/
L
| 025 085 | oot
! uh ah | o1 02 Qs 1 2 5 0 20 50 100
| Cd | Me
f — |'
; Co | % I Change {percent) in effective direct
|

capacitance,

with frequency, pro-

duced by residual inductance.

Nominal Adjustment Dissipation
Type Capacitance Accuracy Peak Volts Factor Code Number Price
1403-A 1000 pf 0.19% 700 1075 1403-9701 $80.00
1403-D 100 pf 0.19% 1500 1075 1403-9704 65.00
1403-G 10 pf 0.1% 1500 1075 1403-9707 55.00
1403-K 1.0 pf 0.1% 1500 10-5 1403-9711 45.00
1403-N 0.1 pf 0.19% 1500 10—5 1403-9714 45.00
1403-R 0.01 pf 0.39%, 1500 105 1403-9718 45.00
1403-V 0.001 pf 1.0% 1500 105 1403-9722 45.00

T TENT NOT1u k. See Note 4, page vu.

Type 1404-A REFERENCE STANDARD CAPACITOR

This capacitor has been designed as a primary
reterence standard of capacitance with which working
standards can be compared. The TyrE 1615-A Capacitance
Bridge (page 36) is particularly well suited for this purpose
and can be conveniently used to calibrate accurately a
wide range of working standards in terms of the TypE
1404-A Reference Standard Capacitor. This single 1000-
picofarad standard is also the only standard necessary to
calibrate the bridge itself quickly and accurately.

All critical parts of the plate assembly are
maae oI 1nvar tor stability and low temperature coefficient.
After heat cycling and adjustment the assembly is mounted
in a heavy brass container which, after evacuation, is filled
with dry nitrogen under pressure slightly above atmos-
pherie, and sealed. The container is mounted on an ali-
minum panel and placed in an outer aluminum

Capacitance: 1000 pf. Adjusted to within +5 ppm of nominal value
at 23 C and 1000 cps.

Certificate: A certificate is supplied certifying that the capacitor was
adjusted at 23 C and 1000 cps by comparison, to a precision of +5
parts per million, with standards calibrated by the National Bureau
of Standards to an accuracy of +50 parts per million.

Stability: Long-term drift is less than 20 parts per million per year.
Maximum change with orientation is 10 ppm, and is completely
reversible.

Temperature coefficient: +2 + 2 ppm/°C from —20C to +65 C.
Temperature cycling: For temperature cycling over range from —20 C
to +65 C, hysteresis (retraceable) is less than 20 ppm at 23 C.
Dissipation Factor: Less than 1075 at 1 ke.

Type

Two coaxial, locking, Typs 874 Connectors are used as
terminals. The outer shell of one is connected to the case
but the outer shell of the other is left unconnected to permit
the capacitor to be used with an external resistor as a
dissinvation-factor standard.

stability — better than 20 parts per million
per year.
Accurate adjustment — within +5 parts per million
of nominal value.
Low temperature coefficient.
Hermetically sealed, with dry-nitrogen dielectric.
Inner sealed container easily adaptable to oil immersion.
Capacitance to ground less than 50 pf from either
terminal

ily used as a dissipation-factor standard.

Capacitance to ground: Less than 50 pf from either terminal to ground.
Maximum Voltage: 750 volts peak.

Accessories Supplied: Two Type 874-C58A Cable Connectors.
Cahinet: Sealed inner container mounted in outer lab-bench aluminum
case. Easily adaptable to oil immersion of inner sealed container.
Terminals: Two coaxial, locking Typs 874; easily convertible to other
types of connectors by attachment of locking adaptors (see page 63).
Outer shell of one connector is ungrounded to permit capacitor to be
used with external resistor as a dissipation-factor standard.
Dimensions: Width 634, height 634, depth 8 inches (175 by 170 by
205 mm), over-all, including handle.

Net Weight: 814 pounds (3.9 kg).

Shipping Weight- 72 pounds (5.5 kp).

Code Number Price

1404-A
PATENT NOTICE. See Note 4, page viii.

Reference Standard Capacitor

1404-9701 $225.00
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'ype 1409 STANDARD CAPACITOR

Stable within +0.019, per year.

Calibrated for both two-terminal and three-terminal connections.

Plug-in terminals permit several units to be stacked one upon the other without the use
of leads and without cumulative error.

The Type 1409 Standard Capacitors are fixed
mica capacitors of very high accuracy and stability for use
as two- or three-terminal reference or working standards in
the laboratory.

A group of these capacitors, observed over more than
five years, have shown random fluctuations of less than
+0.019, in measured capacitance with no evidence of
systematic drift.

These capacitor units consist of a silvered-
mica and toil pile, spring-held in a heavy metal clamping

Accuracy of Adjustment: Within £0.05% of the nominal capacitance
value (two-terminal) marked on the case.

Calibration: A certificate of calibration is supplied with each unit,
giving both two- and three-terminal measured capacitances at 1 ke
and at a specified temperature. The measured valucis the capacitance
added when the standard is plugged directly into General Radio bind-
ing posts. This value is obtained by comparison, to a precision better
than +0.019%, with working standards whose absolute values are
known to an accuracy typically +0.019%, determined and main-
tained in terms of reference standards periodically certified by the
National Bureau of Standards.

Stability: Capacitance change is less than 0.01% per year.
Temperature Coefficient of Capacitance: +35 + 10 ppm per degree
Centigrade between 10 and 70 C.

Dissipation Facter: Less than 0.0003 at 1 kc and 23 C (see curves).
Measured dissipation factor at 1000 cps is also given in the certificate
to an accuracy of +0.00005.

Frequency Characteristics: See typical curves on page 153. Values of
series inductance and series resistance at 1 Mc are given in the table.
This resistance varies as the square root of the frequency for frequen-
cies above 100 kc.

structure for mechanical stability. The units are selected
for low dissipation factor and are stabilized by heat eycling.
They are shielded from external fields and from humidity
by being mounted, with silica gel to provide continuous
desiccation, in cast aluminum cases, sealed with high-
temperature potting wax. A well is provided in the wall of
the case for the insertion of a dial-type bi-metallic ther-
mometer. Three jack-top binding posts are provided on
the top of the case and three removable plugs on the
bottom, for convenient parallel connection without error.

Terminal Capacitance: The capacitance from the m terminal to the
case (G) is of the order of 12-50 pf.

The capacitance from the L terminal (outside foils of capacitor)
to the case is of the order of 300-1300 pf.

Leakage Resistance: 5000 ohm-farads or 100,000 megohms, whichever
is the lesser.

Maximum Voltage: 500 volts peak at frequencies below the limiting
frequencies tabulated below. At high frequencies the allowable volt-
age decreases and is inversely proportional to the frequency, approxi-
mately. These limits correspond to a temperature rise of 40 degrees
Centigrade for power dissipations of 5, 6, and 7.5 watts for the small,
medium, and large cases, respectively.

Terminals: Two insulated jack-top terminals, plus jack-top terminal
and ground strap. Removable plugs screw into the terminal bottoms.

Mounting: Cast aluminum cases with rubber feet.

Dimensions: Small case, 314 by 4 by 2 inches (85 by 105 by 50 mm);
medium case, 3% by 4 by 211/16 inches (85 by 105 by 70 mm);
large (l:iexse, 314 by 5% by 211/16 inches (85 by 145 by 70 mm)
over-all.

Yomint
Capaci fazimun  Frequency Series Tesistanc
tance Peak Limat for "nductanc in Ohms Net Shipping

Type uf Volis Max Volts wh at 1 Mc Weight Wezght Code Number Price
1409-F 0,001 500 4,7 Mc 0,050 0.02 1% Ib (0.6 kg) 31b {1.4 kg) 1409-9706 $ 32.00
1409-.G 0.002 500 2.7 Mc¢ 0.050 0.02 1% Ib (0.6 kg} 3 1b (1.4 kg) 1409-9707 32.00
1409-K 0.005 500 1.3 Mc 0.050 0.02 1% 1b (0.6 kg) 3 ib {1.4 kg) 1409-9711 34,00
1409-L 0.01 500 750 ke 0.050 0.02 1% 1b (0.6 kg) 3 b (1.4 kgl 1409-9712 34.00
1409-M 0.02 500 430 ke 0.050 0.02 1% 1b (0.6 kg) 3 Ib (1.4 kg) 1409-9713 36.00
1409-R 0.05 500 210 ke 0.055 0.02 1% b (0.6 kg) 31b (1.4 kg) 1409-9718 39.00
1409-T 0.1 500 120 ke 0.055 0.02 1% Ib (0.6 kg) 3 1b (1.4 kg) 1409-9720 42,00
1409-U 0.2 500 70 ke 0.055 0.02 1% Ib (0.6 kg) 3 1b (1.4 kg) 1409-9721 55.00
1409-X* 0.5 500 35 ke 0.055 0.02 1% Ib (0.8 kg) 4 1b (1.9 kg) 1409-9724 105.00
1409-Y} 1.0 500 17 ke 0.070 0.03 2V2 1b (1.1 kg) 4 1b {1.9 kg) 1409-9725 175.00

* Mounted in medium ease. + Mounted in large case.
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F'ype 1423-A PRECISION DECADE CAPACITOR

Any value of capacitance between 100 pf and 1.111
w1, 1 steps of 100 pf, can be set on the four decades and will
be known to an accuracy of 0.0569%,. Thus a bridge can be
standardized quickly to an accuracy that could be exceeded
only by the use of individually certified laboratory stand-
ards of the highest available quality such as the Typr
1404-A Reference Standard Capacitor.

In conjunction with a limit bridge, such as the Tyer
1605-A Impedance Comparator, production-line measure-
ments of arbitrary values of capacitance (such as BEIa
preferred values) can be made rapidly and ace
a minimum of setup time.

This is a doubly shielded dec:
conswsung or tour decades of high-quality :
capacitors. The two complete shields make the

Neminal Values: 100 pf to 1.111 uf in steps of 100 pf.

Accuracy of Adjustment: +0.05%, at 1 ke, calibrated in the three-
terminal connection. Two-terminal connection (made by inserting
the capacitor into TypE 874-Q9 Adaptor) adds about 1.3 pf to reading.
Certificate: A certificate is supplied certifying that each component
capacitor was adjusted by comparison, to a precision better than
+0.019%, with working standards whose absolute values are known
to an accuracy typically 40.019%, determined and maintained in
terms of reference standards periodically certified by the National
Bureau of Standards.

Frequency: Adjusted at 1 ke. The behavior of each individual capaci-
tor is similar to that of a Typr 505 Capacitor.

Dissipation Factor: Not greater than 0.001, 0.0005, and 0.0003 for
capacitances of 100 pf to 1000 pf, 1100 pf to 2000 pf, and 2100 pf to
1.1110 pf, respectively.

Temperature Coefficient of Capacitance: Approximately 435 ppm per
degree Centigrade between 10 and 50 C.

at the terminals the same for either the two-terminal or
the three-terminal method of connection, except for the
external binding-post capacitance of about 1 pf added by
the two-terminal connection. This external capacitance
can be included in the two-terminal calibration by the
adjustment of a single trimmer.

The terminal capacitance values are adjusted precisely
to nominal value by independent means and can subse-
quently be readjusted at calibration intervals, if neces-
sary, without disturbance of the main capacitors.

ling accuracy +0.059%.

stability +0.019, per year.

ljusted in terms of reference standards.
or either two- or three-terminal use.

Insulation Resistance: Greater than 50,000 megohms to 0.1 uf and
greater than 5000 megohms from 0.1 uf to 1.111 uf.

Maximum Voltage: 500 volts peak, up to 10 ke.

Accessaries Supplied: Two TypE 874-Q9 Adaptors.

Cabinet: Rack bench; rack model supplied without metal supports
(see page 210).

Dimensions: Bench model — width 19, height 714, depth 1024 inches
(485 by 185 by 270 mm), over-all; rack model — panel 19 by 7 inches
(485 by 180 mm), depth behind panel 814 inches (220 mm).

Net Weight: 26 pounds (11.8 kg).

Shipping Weir*- 32 pounds (14.5 kg).

Type ‘ode Number Price
1423-AM ’recision Decade Capacitor
Bench Model 1423-9801 }695.00
1423-AR Precision Decade Capacitol
Relay-Rack Model 1423-9811 695.00

o.1

{Left) Change in capacitance as a function of frequency. These changes are

referred to the values which the capacitors would have if there were neither .01 5 yZ/A/
/ QY

=t

interfacial polarization nor series inductance. The 1-kc value on the plot -
should be used as a basis of reference in estimating frequency errors. a.001

Qo 00,
I I 2goq
0.1 p2G5TT o X V. / o X
0.0, 93 . e . . 205 4
oo Irc u,x,'f;j ééJ (Right) Dissipation factor as a function of frequency. ooe o 4
o

o.01 | L ROF
0.0001 -
19 100t Tke  10ke  [0OKc  IMc  1DMc I Woe  Tke | I0ke 100ke  TMc  1OMe 100Mc

fype 1424-A STANDARD POLYSTYRENE DECADE CAPACITOR

This single-decade capacitor extends to 10 uf the
rauge of General Radio’s accurate decade standards of
capacitance. It provides ten individual standards, one at
each integral microfarad value from 1 to 10.

Twenty polystyrene capacitors are as-
BT LLUICUW WU IvVE ten 1-,U,f units. These are housed in two
hermetically sealed non-ferrous metal cases with Teflon-
insulated high terminals, the cases being
(Low) terminal. The aluminum outer cabin
are insulated from both capacitor terminals,
two- or three-terminal connections ean be u

Nominal Value: 0 to 10 microfarads, in steps of 1 microfarad.
Accuracy of Adjustment: +0.259, at 1 ke.

Certificate: A certificate is supplied giving measured values obtained
by comparison, to a precision better than +0.019,, with working
standards whose absolute values are known to an accuracy typically
+0.05%, determined and maintained in terms of reference standards
periodically certified by the National Bureau of Standards.
Stability: Capacitance change is not greater than +0.05%, per year.
Frequency: Calibrated at 1 ke. Variation down to 60 cps is typically
less than 40.02%. At higher frequencies, terminal capacitance rises
as resonant frequency is approached (see curves).

Voltage Recovery: Less than 0.19, (see page 157).

Residual series inductance and resistance have been
minimized by the use of current-sheet conductors, ribbon
leads, and multiple switch contacts.

Leakage resistance is very high, corresponding to a time
constant of 12 days, and a discharge position is provided on
the switch to minimize the danger of electrical shock to
the operator. To avoid damage to the capacitor, charging
current is also limited by the switching arrangement.

‘acy. High leakage resistance.
residuals and dissipation factor.

Dissipation Factor: Less than 0.0002 at 1 ke. (See curves.)
Temperature Coefficient: Approximately —140 ppm per degree C.
Insulation Resistance: Approximately one million ohm-farads.
Maximum Voltage: 500 volts peak, up to 10 ke.

Terminals: Jack-top binding posts; ground terminal provided.
Cabinet: Lab bench (see page 210).

Dimensions: Width 914, height 734, depth 8 inches (245 by 195 by 205
mm), over-all.

Net Weight: 1614 pounds (7.5 kg).
Shipping Weight: 24 pounds (11 kg).
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Convenijent and accurate.

Low thermal emf to copper.

lype 500 RESISTOR

Low temperature coefficient of resistance.
Excellent high-frequency characteristics.

Standard plug-in terminals.

The Type 500 Resistors are particularly recom-
menaed as resistance standards for use in impedance
bridges and as secondary standards for laboratory use. The
plug-type terminals make them readily interchangeable
in experimental equipment. Screw terminals are also sup-

This resistor is an accurately adjusted
resistance unit wax-sealed in a phenolic case to exclude
moisture and to provide protection from mechanical dam-
age. The construction of individual units is similar to
that used in the TyprE 510 Decade-Resistance Units (page

SAVLSINHY

plied for more permanent installations. 160).
Accuracy of Adjustment: +0.059, at the terminals, except tor the
1-ohm unit, which is adjusted within £0.15%, aurc votes.  f LARGE CASE N f
Frequency Characteristics: Similar to those of the Tyre 510 Decade- g%;ffgh&é” \d L? BlO mis
Resistance Units for resistance values up to 600 ohms; somewhat [ = tl,
better for higher resistances, because of the relatively small shunt 2 MTG. HOLES $) I°J‘ &
capacitance of an isolated resistor. NO. 8 DRILL } IJ[' | l
Maximum Power and Current: All units will dissipate one watt for a IN LARGE CASE oL
temperature rise of 40 degrees Centigrade. The value of current for , t"_ 3
this rise is given in the table below and is engraved on each unit. oy ’_"l
Temperature Coefficient: Less than +20 ppm per degree Centigrade 3—5
at normal room temperature. 3%—;—»
Type of Winding: Less than 500 ohms, Ayrton-Perry; 500 ohms and
higher, unifilar on thin mica cards. Tyees 500-V, W, and X are made
up of multiple mica cards in series. Both types are sealed with a high-melting-point wax. TypEs 500-A
Terminals: Both terminal screws and plugs are supplied. Each termi- through -V are in small case; Types 500-W and -X in large case.
nal stud is recessed as a jack to accommodate a plug. Standard Dimensions: See sketch, dimensions are in inches. Over-all height,
34-inch spacing is used. High terminal is marked =. 124 inches for large case, 1 inch for small case, exclusive of plugs. To
Mounting: Black molded phenolic case is used for all units having a convert inches to mm, multiply by 25.4.
resistance of less than 1000 ohms. For units having a resistance value Net Weight: 2 ounces (60 g).
of 1000 ohms or higher, a low-loss mica-filled phenolic case is used. Shipping Weight: 8 ounces (230 g).

Type Resvstance in Ohms Mazximum Current Code Number Price

500-A 1 1.0 amp 0500-9701 $6.00

500-B 10 310 ma 0500-9702 6.00

500-K 20 220 ma 0500-9711 6.00

500-C 50 140 ma 0500-9703 6.00

500-D 100 100 ma 0500-9704 6,00

500-E 200 70 ma 0500-9705 6.00

500-F 500 45 ma 0500-9706 6.00

500-G 600 40 ma 0500-9707 6.00

500-H 1000 30 ma 0500-9708 6.00

500-L 2000 22 ma 0500-9712 6.00

500-M 5000 14 ma 0500-9713 6.00

500-J 10,000 10 ma 0500-9710 6.00

500-R 20,000 7 ma 0500-9718 6.00

500-T 50,000 4.5 ma 0500-9720 6.00

500-U 100,000 3 ma 0500-9721 6.00

500-V 200,000 2.2 ma 0500-9722 8.50

500-w 500,000 1.4 ma 0500-9723 17.00

500-X 1 Megohm 1.0 ma 0500-9724 27.00

159
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frequency for Type 510 Decade-
Resistance Units,

Typical Values of R, L,, and C for the Decade Resistors:

Zero Resistance (R,): 0.002 ohm or less per dial at de (0.001-ohm
switch resistance and 0.001-ohm lead resistance); 0.04 ohm per dial
at 1 Me; proportional to square root of frequency at all frequencies
above 100 ke.

Zero Inductance (L,): 0.10 yh per dial.

Effective Shunt Capacitance (C): This value is determined largely by
the highest decade in use. With the rLow terminal connected to
shield, a value of 15 to 10 pf per decade may be assumed, counting
decades down from the highest. Thus, if the third decade from the
top is the highest resistance decade in cireuit (i.e., not set at zero)
the shunting terminal capacitance is 45 to 30 pf. If the highest decade
in the assembly is in use, the effective capacitance is 15 to 10 pf,
regardless of the settings of the lower-resistance decades.
Temperature Coefficient of Resistance: Less than £20 ppm per degree
Centigrade at room temperatures for the Tyre 510 Decade-Resist-
ance Units and for the Type 1432 Decade Resistors, except for the
0.1- and 0.01-ohm decades, where the box wiring will increase the
over-all temperature coefficient.

Switches: Quadruple-leaf brushes bear on lubricated contact studs
34 inch in diameter. Both brushes and studs are of copper alloy.
These brushes are bent so as not to be tangent to the arc of travel,
thus avoiding cutting and affording a good wiping action. A cam-

{Left) Equivalent circuit of a resist- o P s sTERS
. N d
ance decode, showing location and
nature of residual impedances. A D0 STEPS
|
/ [T 1on sTERS
- D 1000 STEPS
sz ‘r‘\ \'—QL\ i - , S fan
4' T \_L & ko
1)
Ma 500480 200kl 0GR 50kd 2080 (150
| | |
{Right) Maximum percentage change —|
in series resistance os a function of | ! |
(13 10k 20 50 100Ke 200 500 IMe 2z 5 ioMe.

FREQUENCY

type detent is provided. There are eleven contact points (0 to 10
inclusive). The switch resistance is less than 0.001 ohm. The effective
capacitance of the switch is of the order of 5 pf, with a dissipation
factor of 0.06 at 1 ke for the standard cellulose-filled molded phenolic
switeh form and 0.01 for the mica-filled phenolic form used in the
TypE 510-G unit.

Terminals: For TyYpE 1432, jack-top binding posts on standard 34-inch
Tpacing. Shield terminal is provided. TYPE 510 units have soldering
ugs.

Mounting: TYPE 1432, lab bench cabinet (see page 210); TvypE 510,
complete with dial plate, knob, template, and mounting screws.
Dimensions: TypE 1432 — width 4 5/16 inches (110 mm), height 434
inches (120 mm); length 13 inches (330 mm) for 4-dial, 1534 inches
(400 mm) for 5-dial, and 1814 inches (470 mm) for 6-dial box. Typr
510 — over-all diameter 3 1/16 inches (78 mm), depth behind panel
3 5/16 inches (85 mm).

Net Weight: TYPE 1432 — 5 pounds, 4 ounces (2.4 kg) for 4-dial;
6 pounds, 5 ounces (2.9 kg) for 5-dial; and 7 pounds, 8 ounces (3.4
kg) for 6-dial box. Tyrre 510 units — 11 ounces (310 grams); Tyrr
510-P switches — 914 ounces (270 grams).

Shipping Weight: TypE 1432 — 7 pounds (3.2 kg) for 4- and 5-dial,
9 pounds (4.1 kg) for 6-dial box. Type 510 units and switches,
2 pounds (1.0 kg).

Type 510
No. of Decades Code
Type Total Multiple of Dials Used Number Price

1432-U 111.1 ohms 0.01 ohm 4 AA, A B, C 1432-9721 $ 98.00

1432-K 1111 0.1 4 A B CD 1432-9711 102.00

1432-J 11,110 1 4 B,C,DE 1432-9710 110.00

1432-L 111,100 10 4 C,D,EF 1432-9712 116.00

1432-Q 1,111,000 100 4 D,EF G 1432-9717 127.00

1432-T 11111 0.01 5 AA, A B, C, D 1432-9720 124.00

1432-N 11,111 0.1 5 A B CD,E 1432-9714 128.00

1432-M 111,110 1 5 B,C, D EF 1432-9713 139.00

1432-P 1,111,100 10 5 C,D,EFG 1432-9716 154.00

1432-Y 11,111,000 100 5 D,E F G H 1432-9725 229.00

1432-X 11,111 0.1 6 A B, C,DEF 1432-9724 165.00

1432-Z 11,111,100 10 6 C,D,E F G, H 1432-9726 262.00

Reststance Accuracy Mazimun
Total Per Step of Current Power
Reststance (AR) Resistance 40°C Per Step AL C** L, Code

Type Ohms Ohms Increments Rise Waitts wh of uh Numbe:  Price
510-AA 0.1 0.01 +2% 4 amp 0.16 0.01 7.7-4.5 0.023 0510-98( 119.50
510-A 1 0.1 +0.5% 1.6 amp 0.25 0.014 7.7-4.5 0.023 0510-97¢( 15.00
510-B 10 1 +0.15% 800 ma 0.6 0.056 7.7-4.5 0.023 0510-97( 21.50
510-C 100 10 +0.05% 250 mo 0.6 0.11 7.7-4.5 0.023 0510-97¢ 23.50
510.D 1000 100 +0.05% 80 ma 0.6 0.29 7.7-4.5 0.023 0510-97¢C 24.00
510-E 10,000 1000 +0.05% 23 ma 0.5 3.3 7.7-4.5 0.023 0510-97¢ 24.00
510.F 100,000 10,000 +0.05% 7 mo 0.5 9.5 7.7-4.5 0.023 0510-97¢ 27.00
510-G 1,000,000 100,000 +0.05% 2.3 ma 0.5 — 7.7-4.5 0.023 0510-97¢ 35.00
510.H 10,000,000 1,000,000 +0.025% 0.7 *ma 0.5 — 13.5-5.0 0.023 0510-97¢ 98.00
510-P3 Switch only {Block Phenolic rrame) 0510-96C 10.00
510-P3L Switch only {Low-Loss Phenolic Frame) 0510-983 11.00

* Or a maxirmum of 4000 volts, peak.

** The larger capacitance occurs at the lowest setting of the decade. The values given are for units without the shield cans in plage. With the shield cans in place, the shunt
capacitance is from 10 to 20 pf greater than indicated here, depending on whether the shield is tied to the switch or to the zero end of the decade.
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The Typre 1482 Standard Inductor is an accurate,
wgny stable standard of self inductance for use as a low-
frequency reference or working standard in the laboratory.
Records extending over 11 years, and including inductors
that traveled to national laboratories in several countries
for calibration, show long-term stabilities well within
+0.019%,.

Each inductor is a uniformly
on a ceramuc core. It has a negligible exter
field and hence essentially no pickup from es
The inductor is resiliently supported in a mixt
cork and silica gel, after which the whole ass
with a potting compound into a cubical alum

Sizes of 500 xh and above have three term’
the inductor leads and the third connected t«

Inductance Range: See table.

Accuracy of Adjustment: See table.

Calibration: A certificate of calibration is provided with each unit,
giving measured values of inductance at 100, 200, 400, and 1000 cps,
with temperature and method of measurement specified. These
values are obtained by comparison, to a precision, typically, of better
than £0.005%, with working standards whose absolute values,
determined and maintained in terms of reference standards periodi~
cally certified by the National Bureau of Standards, are known to an
accuracy typically +(0.029%, + 0.1 ph) at 100 cps.

Stability: Inductance change is less than +0.019 per year.

DC Resistance: See table for representative values. A measured value
of resistance at a specified temperature is given on the certificate of
calibration.

Low-Frequency Storage Factor Q: See table for representative values of
Q at 100 cps (essentially from de resistance). An individual value of Q,
calculated from the measured dc resistance, is given on each certifi-
cate of calibration.

lfype 1482 STANDARD INDUCTOR

provide either a two- or three-terminal standard. The 50-,
100-, and 200-uh sizes have three additional terminals for
the switching used to minimize connection errors, as de-
scribed on page 162.

For comparing other inductors with these standards, the
Tyere 1632-A Inductance Bridge (page 46) is recom-
mended.

1n +0.019, per year.

djusted and accurately calibrated.
+ independent of voltage.

1 errors minimized.

al field.

nown temperature coefficient.
humidity errors.

Temperature Coefficient of Inductance: Approximately 30 ppm per de-
gree Centrigrade. Minute temperature corrections may be computed
from dec resistance changes. A 1% increase in resistance, produced
by a temperature increase of 2.54 degrees Centrigrade, corresponds
to 0.00769%, increase in inductance. ]

Resonant Frequency: See table for representative values. A measured
value is given on the certificate of calibration.

Maximum Input Power: For a rise of 20 degrees Centigrade, 3 watts;
for precise work, a rise of 1.5 degrees Centigrade, 200 milliwatts.
See table for corresponding current limits.

Terminals: Jack-top binding posts on 34-inch spacing with removable
ground strap.

Cabinet: Aluminum lab bench cabinet with carrying handle and
rubber feet,

Dimensilons: 614 by 614 by 8 inches high (165 by 165 by 205 mm),
over-all.

Net Weight: 1114 pounds (5.5 kg).

Shipping Weight: 16 pounds (7.5 kg).

Vomin ddjustmer ~ ‘Resonar *DC Milliamperes,
Induct Accuracy  Trequenc Resistanc *Q ai rm-~ -

Type ance (Percent) (kc) (Ohms) 00cp 200 mu 3w Code Numbe Price
1482-4 50 uk +0.5 3100 0.03¢ 0.81 2260 877¢ 1482-9701 5125.00
1482-E 100 uk +0.25 2250 0.08% 0.76 1550 6010 1482-9702 125.00
1482-C 200 pk +0.25 1400 0.15 0.84 1150 4470 1482-9703 125.00
1482-C 500 pt +0.1 960 0.38 0.83 725 2810 1482-9704 125.00
1482-E T mt +0.1 800 0.84 0.75 490 1890 1482-9705 110.00
1482-F 2 mt + 0.1 580 1.52 0.83 360 1400 1482-9706 110.00
1482-C 5 mt +0.1 320 3.8 0.83 230 890 1482-9707 110.00
1482-F 10 mt +0.1 220 8.2 0.77 156 600 1482-9708 110.00
1482-J 20 mt +0.1 145 14.5 0.87 117 450 1482-9710 110.00
1482-K 50 mt +0.1 84 36.8 0.85 74 280 1482-9711 110.00
1482-L 100 mk +0.1 71 81 0.78 50 192 1482-9712 110.00
1482-A 200 mk +0.1 39.0 109 115 43 166 1482-9713 110.00
1482.N 500 mt +0.1 24.5 280 1.12 27 103 1482-9714 110.00
1482-p 1h +0.1 14.6 616 1.02 18 70 1482-9716 117.50
1482.C 2h +0.1 10.6 1125 1.12 13.2 52 1482-9717 140.00
1482-R S5h +0.1 6.8 2920 1.08 8.3 32 1482-9718 170.00
1482.T 10h +0.1 4.9 6400 0.98 5.4 22 1482.9720 225.00

* Representative values. Actual values given on certificate.

e STANDARD. INDUCTOR
azn 2 o em

GENERAL RADIO COMPANY
SENSORD MARBAOHURETTS 504

1 =-500uH 0,19

“REFER TO CALIBRATION CERTIFICATE ‘

STANDARD INDUCTOR
o Ky

GENERAL RADIO GOMEANY
CONCORD MASBACKUBETTS. yBA
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fype 107 VARIABLE INDUCTOR

Continuous variation of inductance over a 20-to-1 range.

Separate terminals for rotor and stator permit either series or parallel connection.
Calibrated in mutual as well as self inductance.

Rotor and stator inductances are made closely equal, to minimize circulating currents in

the parallel connection.

The Type 107 Variable Inductors find their great-
est uses in the laboratory as adjustable standards of moder-
ate accuracy for measurements of self and mutual induct-
ance, and as circuit elements in bridges, oscillators, and
similar equipment.

Rotor and stator coils are mounted con-
centricauty. rue effective inductance depends upon the

Inductance Ranges: See table below. Dial is direct reading in inductance
for the series connection.

Accuracy: Series connection, +19, of full scale at 1 ke¢. Inductance
for parallel connection is one-fourth the series value within + (1%, +
0.01 xh) of the former. Mutual-inductance accuracy is +£2.59% of
full-scale (mutual) value. The formula for mutual inductance is
engraved on the nameplate.

Frequency Characteristics: The fractional increase in inductance with
frequency will be f2/f,2 where f is the operating frequency and f, the

1

natural f ency, which can be calculated fr = T
atural frequency, whi an calcula om J, oI

Values of C, are tabulated below. See plot for change in @ with
frequency.

Maximum Power and Current: Current for 15 watts maximum dissi-
pation, corresponding to a temperature rise of 40 degrees Centi-
grade, is given in the table below and is engraved on the nameplate.
DC Resistance: See table below. These series-connection values are
engraved on the nameplate. For parallel connections the resistance
is closely 14 the tabulated values.

Terminals: Standard 34-inch spacing, jack-top binding posts provide
separate connections to rotor and stator. Series and parallel connec-
tions are made by means of links.

position of the rotor with respect to the stator.

In most models stranded wire is used, in which the sepa-~
rate strands are insulated from one another. The coils are
impregnated and baked in a synthetic varnish before being
securely mounted on the phenolic panel.

Dial is direct reading in inductance for the series connec-
tion of the coils. Inductance for the parallel connection is
one-fourth the value shown by the dial.

1000

100 <5

Q K\\L K\J
/ N WM

10
7

1
i0c 100¢ Tke 10ke

FREQUENCY
Storage factor, Q, versus frequency at full-scale series connection,

100ke | Mc 10 Mc

Cabinet: All units are mounted on phenolic panels and enclosed in
unshielded hardwood cabinets.

Dimensiens: 65 by 614 by 83/ inches high, over-all (165 by 165 by
220 mm).

Net Weight: 5 pounds (2.3 kg), all ranges.
Shipping Weight: 12 pounds (5.5 kg).

Self-™ “uctance Typica” = Values DC Mazimun
Mutual Resistance Current
Type Series Parallel Inductance Sertes Parallel ohms amp Code Numbe: Price

107-J 9-50 uh 2.25-12.5 ph 0-10.8 uh 35 pf 57 pf 0.05 16 0107-9710 1110.00
107 -K 90-500 uh 22.5-125 ph 0-110 ph 40 pf 72 pf 0.38 [ 0107-9711 110.00
107-L 0.9-5 mh 1225-1.25 mh 0-1.1 mh 39 pf 73 pf 5.0 1.7 0107-9712 110.00
107-M 9-50 mh 2.25-12.5 mh 0-11 mh 34 pf 41 pf 36 0.65 0107-9713 110.00
107-N 90-500 mh 22.5-125 mh 0-110 mh 34 pf 41 pf 450 0.17 0107-9714 i110.00
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DPADT

)170-SERIES POTENTIOMETERS

The 970-Series Potentiometers are moderately priced

controls with high-quality performance. They can be
used not only at dc but also throughout the audio- and
ultrasonic-frequency ranges and, in many applications,
at low radio frequencies.
The materials used in the all-phenolic
wouy 11y, uust-proof cover (2), and glass-reinforced-
polyester shaft (3) minimize the capacitance to ground.
Low inductance results from the use of a thin winding
form of phenolic laminate. A small-diameter brush (4)
of precious-metal alloy assures high resolution. Brush arm
and spring (5) are combined into a single stamping of _
spring-temper phosphor-bronze. The screw (6) that holds  cover (10), so that none of the fixed internal connections
the cover to the base passes through a horseshoe-shaped depends upon pressure alone.
slot in the brush arm to serve as a rotational stop that
exerts no force on the brush. The brush rides with uniform SPECIAL TYPES
pressure on the firmly anchored wires at the edge of the Units in the 970 design can be made on special order
resistance winding (7). The combination of precious-metal with: 360° mechanical rotation, taps as close as 1{ inch
contact, firm clean track, and uniform contact pressure ;5,014 along the entire winding, resistance other than listed
minimizes electrical noise. values, resistance tapers, resistance tolerance and linearity
tolerances better than standard. For applications requiring
maximum shaft rigidity, shafts of metal-cored phenolic or
of metal can be supplied.
GANGING
When ganged, the 970-Series Potentiometers retain
their low-capacitance characteristics. Units are designed
to be nested with phenolic spacing rings stacked on a
long shaft, and held together with thin metal clamping
rings and tie rods. This assembly allows units to be set
in any desired phase relationship. Inquiries are welcomed
on a special-design basis.
KNOBS
Recommended knobs for these potentiometers are
described on page 205. Use Tyres KN8-6 and KNSP-6 for
The projecting hub (11) permits adjustment of the  TYpEs 971, 972, 973, and 974; Typrs KNS-8 and KNSP-8
shaft with respect to the contact brush while the case is ~ for Types 975 and 976.
closed. This hub rotates in a reamed brass insert molded
into the cover to form a metal-to-metal main bearing close DIAL PLATES
to the plane of the brush. The shaft is rigidly held by this The Tyer 970-P1 (below) is a 2-inch dial plate for use
hub, and a second bearing is provided by a stainless-steel  with the Tvers 971, 972, 973, and 974 with a pointer-type
insert to guide the shaft in the base. This arrangement  knob. Scale covers 31 5° The TyrE 970-P2 is 2 234-inch
provides stable, repeatable settings. reversible dial plate for use with the Tyres 975 and 976
Resistance elements are wound of low-temperature- — with a pointer-type knob or attached to a knob. Scale
coefficient alloys. Linearity is assured by uniform turn covers 320°.
spacing, on a mandrel that is firmly cemented into the
cylindrical base molding.
The turret terminals (9) are both riveted to the end Type Code Number Price
clamps and soldered to the ends of the winding (7) and to 970-P1 0970-9601 $0.55
the silver-plated spring-bronze contact take-off in the 970-P2 0970-9602 0.55
. v Power Rating at 0 C
Approx Effective Total Standard Average biomi domp *
Type M?z')ight Elgctrical Mechanical Resistance Torqzz/e Izdependent ambien femp
ounces Rotation Rotation Tolerance 0z M. wnearity Mounted on Suspended
Alum Panel in Air
971 Va 315° + 5° 330° + 5° +5% 1% +2% 5.6 3.5
972 % 315° + 5° 330° £ 5° +5% 1% 2% 7.8 5.8
973 1 320° + 5° 330° + 5° +5% 2% +1% 8.4 5.9
974 1% 320° + 5° 330° £ 5° +5% 2V 1% 12.0 9.4
975 3 320° & 2° 330° £ 5° +29% 4 +0.5%, 13.4 107
976 4 320° £ 2° 330° t 5° +2% 4 +0.5% 19.0 16.8
* Power rating in watts decreases linearly with rising ambient temperature to zero at 100 C.
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Always obtain appruannaie varue rom rigure 1 oerore using Figure 2

p !' N DUCTA AN CE
o 9 & - & S 4 o 3
< yad A A
AU VA AW AW ANZaN R s %x DUNLENES <
I QLA A A T Pa%i % ST LSS 3 .
T SCRIARK] R RS o
8 NP KN P SRV IO SR
XA % KA PRI IALH K XA ,
. DA SZLESUSNION N DI A <k
R (K54 PSRRI % RS / | 7°
<X B TRRRN X R :
6 SORA PP, < XX TEXA PUSX | ©
XK I A ARG B PPRRS /
X X %% S SRR AN AN AV AV AV S
5 RS K PRt P PR PSRRI SPECGX /7
D e RIS N |
KX ) D EIAIRTANANY i /
w 41>< 2% =% K
S 9 RO SN RS R "
z o S i ke e SRR E A
M N, \/
< Y % %% KPR SN XX ) % ?
< OB KSR UK DK DRER) y
U 3 \XWX ; D% ,g? K] /‘K A A X 4 X X1 g 3 *
< RRPEK @Ax) R R RIRR R xgy,(’\ <) - % A
w Sk \‘2\05 R R A »(x( 5 P
o R R R S RIS R RIS PSR A P4 ) KCSETK .U,
%w %y Y /\ { 52 /\% N ’, g Y /3'7 /
2 < [X KRS b PN PO o ALK
. 'Y N
0:¢ >Q<v\l>8§ yx}\y g,wxyg e
LSRRI RRRARS ALK IR
S O RERSRIA R TRIH SIS SIS Sk
AR RO R RS 020124l eS 200, 7 A I
2 O LRRA X SRR S %
\ SRR kRS sl
IR AR %32: BONS *?‘YXQS 592
R R 2 NN
- LS IROGEAHKIKPRRERS AR RS %
; v v V TV VvV

| 2 3

4 5

)
ﬁ
®
©
o

FREQUENCY

Ezample: The point indicated in Figure 1 corresponds to
a frequency of about 700 k¢ and an inductance of 500 uh,
or a capacitance of 100 pf, giving in either case a reactance
of about 2000 ohms. The resonant frequency of a circuit
containing these values of inductance and capacitance is, of
course. 700 ke. approximately.

Figure 2 gives additional precision
puL uoes nou pace the decimal point, which must be
located from a preliminary entry on Figure 1. Since the

chart necessarily requires two logarithmic decades for in-
ductance and capacitance for every single decade of fre-
quency and reactance, unless the correct decade for L and
C is chosen, the calculated values of reactance and fre-
quency will be in error by a factor of 3.16. In Figure 2, the
capacitance scale is red; inductance scale is black.

Ezample: (Continued) The reactance corresponding to
500 wh or 100 pf is 2230 ohms at 712 ke, their resonant
frequency.
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In communications systems the ratio between any two
amounts of electric or acoustic power is usually expressed
in units on a logarithmic scale. The decibel (1/10th of the
bel) on the briggsian or base-10 scale and the neper on the
napierian or base-e scale are in almost universal use for
this purpose.

Since voltage and current are related to power by
impedance, both the decibel and the neper can be used to
express voltage and current ratios, if care is taken to
account for the impedances associated with them. In a
similar manner the corresponding acoustical quantities
can be compared.

From Table T and Table IT on the following pages con-
versions can be made in either direction between the
number of decibels and the corresponding power, voltage,
and current ratios. Both tables can also be used for nepers
by application of a conversion factor.

Decibel — The number of decibels N4 corresponding to
the ratio between two amounts of power P, and P, is
P
Ndb = 10 10g10 F:

When two voltages E; and E; or two currents Iy and I,
operate in identical impedances,
I
Ndb = 20 logm 2
I,

Ndb = 20 logm % and
2

DECIBEL CONVERSION TABLES

If Esand Esor I, and I, operate in unequal impedances,

Na =20 logm + 101 ogm + 10 logm]]z
2
and Ng =201 ogw + 10 logw + 10 loglcz

where Z; and Z, are the absolute magmtudes of the corre-
sponding impedances and k; and k, are the values of power
factor for the impedances. Ei, E, I, and I, are also the
absolute magnitudes of the corresponding quantities. Note
that Table T and Table IT can be used to evaluate the
impedance and power factor terms, since both are similar
to the expression for power ratio.

Neper — The number of nepers N.., corresponding to a
power ratio i is
2
1 Py
]V'ne =35 e
» =5 log 7,

1 . I . .
— or current ratios = working in
EZ 2
identical impedances,

5, e b
Z and Noep = log, i

For wvoltage ratios

Niep = log. =-

TO FIND VALUES OUTSIDE THE RANGE OF CONVERSION TABLES

Table I: Decibels to Voltage and Power Ratios

Number of decibels positive (4): Subtract 420 decibels
successively from the given number of decibels until the
remainder falls within range of Table 1. To find the voltage
ratio, multiply the corresponding value from the right-
hand voltage-ratio column by 10 for each time you sub-
tracted 20 db. To find the power ratio, multiply the corre-
sponding value from the right-hand power-ratio column
hv 100 for each time you subtracted 20 db.
— Given: 49.2 db.
XTT.L UL 20 db - 20 db = 92 db

Voltage ratio: 9.2 db — 2.884
2.884 X 10 X 10 = 288.4

Power ratio: 9.2 db — 8.318
8.318 X 100 X 100 = 83180

Number of decibels negative (—): Add —+20 decibels
successively to the given number of decibels until the sum
falls within the range of Table 1. For the voltage ratio, divide
the value from the left-hand voltage-ratio column by 10
for each time you added 20 db. For the power ratro, divide
the value from the left-hand power-ratio column by 100
for each time you added 20 db.

— Gwen: —49.2 db
- 20.db+20db +20db = —9.2db

Voltage ratio: —9.2 db — 0.3467
0.3467 X 1/10 X 1/10 = 0.003467

Power ratto: —9.2 db — 0.1202
0.1202 X 1/100 X 1/100 = 0.00001202

Table il: Voltage Ratios to Decibels

For ratios smaller than those in table — Multiply the
given ratio by 10 successively until the product can be
found in the table. From the number of decibels thus found,
subtract +20 decibels for each time you multiplied by 10.

— Gven: Voltage ratio = 0.0131
Uil X 10 X 10 = 1.31

From Table IT,1.31 — 2.345db
2.345db — 20 db — 20 db = —37.655 db

For ratios greater than those in table — Divide the given
ratio by 10 sucecessively until the remainder can be found
in the table. To the number of decibels thus found, add
420 db for each time you divided by 10.

— Gaven: Voltage ratio = 712
(14 x 1/10 X 1/10 = 7.12

From Table II, 7.12 — 17.050 db
17.050 db + 20 db + 20 db = 57.050 db
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TABLE |

Volt .
GIVEN: Decibels TO FIND: Power and {C:":gf} Ratios

TO ACCOUNT FOR THE SIGN OF THE DECIBEL

For positive (+) values of the decibel — Both voltage For negative (—) values of the dgcibel~Both voltage
and power ratios are greater than unity. Use the two right-  and power ratios are less than unity. Use the two left-
hand columns. hand columns.

— Given: £9.1 db; Find:

—db+ —db+
e - e =
Voltage Power Voltage Power Voltage Power Voltage Power
Ratio Ratio db Ratvo Ratio Ratio Ratio db Ratio Ratio
1.0000 1.0000 0 1.000 1.000 .5623 3162 5.0 1.778 3.162
L9886 9772 1 1.012 1.023 .5559 .3090 5.1 1.799 3.236
9772 .9550 2 1.023 1.047 .5495 .3020 5.2 1.820 3.311
L9661 .9333 .3 1.035 1.072 .5433 2951 5.3 1.841 3.388
.9550 9120 4 1.047 1.096 .5370 2884 5.4 1.862 3.467
.9441 8913 .5 1.059 1.122 .5309 2818 5.5 1.884 3.548
.9333 8710 .6 1.072 1.148 .5248 2754 5.6 1.905 3.631
19226 8511 q 1.084 1.175 5188 .2692 5.7 1.928 3.715
.9120 8318 8 1.096 1.202 .5129 .2630 5.8 1.950 3.802
9016 8128 .9 1.109 1.230 .5070 2570 5.9 1.972 3.890
.8913 .7943 1.0 1.122 1.259 .5012 .2512 6.0 1.995 3.981
8810 7762 1.1 1.135 1.288 .4955 .2455 G.1 2.018 4.074
.8710 L7586 1.2 1.148 1.318 4898 .2399 6.2 2.042 4.169
.8610 7413 1.3 1.161 1.349 4842 2344 6.3 2.065 4.266
8511 7244 1.4 1.175 1.380 4786 .2291 6.4 2.089 4.365
8414 7079 1.5 1.189 1.413 4732 2239 6.5 2.113 4.4067
8318 .G918 1.6 1.202 1.445 4677 2188 6.6 2.138 4.571
8222 L6761 1.7 1.216 1.479 .4624 2138 6.7 2.163 4.677
.8128 .6607 1.8 1.230 1.514 4571 .2089 6.8 2.188 4.786
.8035 .6457 1.9 1.245 1.549 .4519 2042 6.9 2.213 4.898
.7943 .6310 2.0 1.259 1.585 .4467 .1995 7.0 2.239 5.012
7852 6166 2.1 1.274 1.622 4416 L1950 7.1 2.265 5.129
7762 .6026 2.2 1.288 1.660 4365 .1905 7.2 2.291 5.248
7674 .5888 2.3 1.303 1.698 4315 1862 7.3 2.317 5.370
7586 .5754 2.4 1.318 1.738 4266 L1820 7.4 2.344 5.495
L7499 .5623 2.5 1.334 1.778 4217 1778 7.5 2.371 5.623
L7413 .5495 2.6 1.349 1.820 4169 .1738 7.6 2.399 5.754
7328 .5370 2.7 1.365 1.862 4121 .1698 7.7 2.427 5.888
7244 .5248 2.8 1.380 1.905 4074 .1660 7.8 2.455 6.026
7161 .5129 2.9 1.396 1.950 4027 1622 7.9 2.483 6.166
.7079 5012 3.0 1.413 1.995 .3981 .1585 8.0 2.512 6.310
.6998 4898 3.1 1.429 2.042 .3936 .1549 8.1 2.541 6.457
.6918 4786 3.2 1.445 2.089 .35890 1514 8.2 2.570 6.607
.6839 4677 3.3 1.462 2.138 .3846 .1479 8.3 2.600 6.761
.6761 4571 3.4 1.479 2.188 .3802 .1445 8.4 2.630 6.918
.6683 4467 3.5 1.496 2.239 .3758 1413 8.5 2.661 7.079
.6607 4365 3.6 1.514 2,291 3715 .1380 8.6 2.692 7.244
.6531 .4266 3.7 1.531 2.344 .3673 .1349 8.7 2.723 7.413
6457 4169 3.8 1.549 2.399 .3631 1318 8.8 2.754 7.586
.6383 4074 3.9 1.567 2.455 .3589 1288 8.9 2.786 7.762
.6310 .3981 4.0 1.585 2,512 .3548 .1259 9.0 2.818 7.943
.6237 .3890 4.1 1.603 2.570 .3508 .1230 9.1 2.851 8.128
.6166 .3802 4.2 1.622 2.630 3467 1202 9.2 2.884 8.318
.6095 3715 4.3 1.641 2.692 .3428 1175 9.3 2.917 8.511
.6026 .3631 4.4 1.660 2.754 .3388 .1148 9.4 2.951 8.710
.5957 .3548 4.5 1.679 2.818 .3350 1122 9.5 2.985 8.913
5888 .3467 4.6 1.698 2.884 3311 .1096 9.6 3.020 9.120
5821 .3388 4.7 1.718 2.951 3273 1072 9.7 3.055 9.333
5754 3311 4.8 1.738 3.020 .3236 1047 9.8 3.090 9.550
.5689 .3236 4.9 1.758 3.090 .3199 .1023 9.9 3.126 9.772
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TARIEQ

TABLE Il

GIVEN: {V°"°'99} Ratio TO FIND: Decibels
Current

POWER RATIOS

To find the number of decibels corresponding to a given — Ghwen: a power ratio of 3.41.
power ratio — Assume the given power ratio to be a o . )
voltage ratio and find the corresponding number of decibels Find: 3.41 in the table:

from the table. The desired result is exactly one-half of the 3.41.— 10.655 db (voltage)
number of decibels thus found. 10.655 db X 14 = 5.328 db (power)
Voltag
Ratic .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
1.0 .000 .086 172 .257 .341 424 506 .588 668 749
1 .828 .906 984 1.062 1.138 1.214 1.289 1.364 1.438 1.511
1 1.584 1.656 1.727 1.798 1.868 1.938 2.007 2.076 2.144 2.212
1 2.279 2.345 2.411 2.477 2.542 2.607 2.671 2,734 2.798 2.860
1 2,923 2.984 3.046 3.107 3.167 3.227 3.287 3.346 3.405 3.464
1 3.522 3.580 3.637 3.694 3.750 3.807 3.862 3.918 3.973 4,028
1 4,082 4,137 4.190 4.244 4,297 4.350 4.402 4.454 4.506 4.558
1 4,609 4.660 4,711 4.761 4.811 4.861 4.910 4.959 5.008 5.057
1. 5.105 5.154 5.201 5.249 5.296 5.343 5.390 5.437 5.483 5.529
1 5.575 5.621 5.666 5.711 5.756 5.801 5.845 5.889 5.933 5.977
6.021 6.064 6.107 6.150 6.193 6.235 6.277 6.319 6.361 6.403
6.444 6.486 6.527 6.568 6.608 6.649 6.689 6.729 6.769 6.809
6.848 6.888 6.927 6.966 7.008 7.044 7.082 7.121 7.159 7.197
7.235 7.272 7.310 7.347 7.384 7.421 7.458 7.495 7.5632 7.568
7.604 7.640 7.676 7.712 7.748 7.783 7.819 7.854 7.889 7.924
7.959 7.993 8.028 8.062 8.097 8.131 8.165 8.199 8.232 8.266
8.299 8.333 8.366 8.399 8.432 8.465 8.498 8.530 8.563 8.595
8.627 8.659 8.691 8.723 8,755 8.787 8.818 8.850 8.881 8.912
8.943 8.974 9.005 9.036 9.066 9.097 9.127 9.158 9.188 9.218
9.248 9.278 9.308 9.337 9.367 9.396 9.426 9.455 9.484 9.513
. 9.542 9.571 9.600 9.629 9.657 9.686 9.714 9,743 9.771 9.799
9.827 9.855 9.883 9.911 9.939 9.966 9.994 10.021 10.049 10.076

10.103 10.130 10.167 10.184 10.211 10.238 10.264 10.291 10.317 10.344
10.370 10.397 10.423 10.449 10.475 10.501 10.527 10.5563 10.578 10.604
10.630 10.655 10.681 10.706 10.731 10.756 10.782 10.807 10.832 10.857

10.881 10.906 10.931 10.955 10.980 11.005 11.029 11.053 11.078 11.102
11.126 11.150 11.174 11.198 11.222 11.246 11.270 11.293 11.317 11.341
11.364 11.387 11.411 11.434 11.457 11.481 11.504 11.527 11.550 11.573
11.596 11.618 11.641 11.664 11.687 11.709 11.732 11.754 11.777 11.799
11.821 11.844 11.866 11.888 11.910 11.932 11,954 11.976 11.998 12.019

12.041 12.063 12.085 12.106 12.128 12.149 12.171 12.192 12.213 12.234
12.256 12.277 12.298 12.319 12.340 12.361 12.382 12.403 12.424 12.444
12.465 12.486 12.506 12.527 12.547 12.568 12.588 12.609 12,629 12.649
12.669 12.690 12.710 12.730 12.750 12.770 12.790 12.810 12.829 12.849
12.869 12.889 12.908 12.928 12.948 12.967 12.987 13.006 13.026 13.045

13.064 13.084 13.103 13.122 13.141 13.160 13.179 13.198 13.217 13.236
13.255 13.274 13.293 13.312 13.330 13.349 13.368 13.386 13.405 13.423
13.442 13.460 13.479 13.497 13.516 13.534 13.552 13.570 13.589 13.607
13.625 13.643 13.661 13.679 13.697 13.715 13.733 13.751 13.768 13.786
13.804 13.822 13.839 13.857 13.875 13.892 13.910 13.927 13.945 13.962

13.979 13.997 14.014 14.031 14.049 14.066 14.083 14.100 14.117 14.134
14,151 14.168 14.185 14.202 14.219 14.236 14.253 14.270 14.287 14.303
14.320 14.337 14.353 14.370 14.387 14.403 14.420 14.436 14.453 14.469
14.486 14.502 14.518 14.535 14.551 14.567 14.583 14.599 14.616 14.632
14.648 14.664 14.680 14.696 14.712 14.728 14.744 14.760 14.776 14.791

14.807 14.823 14.839 14.855 14.870 14.886 14.902 14.917 14.933 14.948
14.964 14.979 14.995 15.010 15.026 15.041 15.056 15.072 15.087 15.102
15.117 15.133 15.148 15.163 15.178 15.193 15.208 15.224 15.239 15.254
15.269 15.284 15.298 15.313 15.328 15.343 15.358 15.373 15.388 15.402
15.417 15.432 15.446 15.461 15.476 15.490 15.505 15.519 15.534 15.549

OCENOM ARV~ ® DINOY AW D CXNDOD RWN—D DOAIDU BN~ ® OXND LD -

GUOCIOT DUGOU R R R R R R R R R0EWE WHNKNW NN PRNON
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