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Rotor and stator plates
of the Type 1422 Precision
Capacitors are individu-
ally eligned during os-
sembly.
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New Model Meets Both

lf American and Internaticnal
dris
' Standards

TYPE 1551-C SOUND-LEVEL METER

The change in type number (Typr
1551-B to T'yre 1551-(") designates two
significant changes in the performance
of the General Radio Sound-Level
Meter.! A new and superior microphone
i= now supplied, and the frequency
weighting have been
modified to conform to the new Ameri-
can Standard Specifications for General-
Purpose Sound-Level Meters. (ASA
S1.4-1961.) Neither change is obvious
af a glanee, sinee the appearance of the
instrument, except for a shift from B to
Cin the engraved type number on the
panel, is unchanged.

characteristies

s, linproved Performance Plug a New Look
L-Level Meoter," Geneeal Radio Experimentor,
Vol, 42, No, 17, October 1058,

NEW MICROPHONE

The Tyre 1560-P3 Mierophone® sup-
plied with the Tyee 1551-C Sound-
Level Meter is a PZT piezoelectric
ceramic type developed expressly for
sound-level meters. It replaces and is
interchangeable with the older Typr
1560-P1** Rochelle-salt erystal miero-
phone, Its characteristies approach those
of eondenser mierophones elassed  as
laboratory standards. Unlike condenser
microphones, however, the ceramie unit
does not require a special preamplifier
with 2 high de polarizing-voltage sup-

*ldentified by red insig on face of microphone aml
Shure Brothers model no. 95108 on nameplate.

**Tdentified by blue insigne on faee of microphone and
Shure Brothers model no, 95B99 on nameplate.
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ply, and its impedance is an order of is the same (=60 db re 1 volt per
magnitude lower, so that leakage due to  mierobar) as for Tyre 1560-P1 Rochelle-
high humidity is less of a problem, and  salt erystal microphone, which is un-
it ean he nsed more readily at the end  usually high for a small ceramie unit.
of u cable, 3. Temperature Coefficient of Sensi-

Several other features of this new  tivity, The output voltage is practically
microphone make it highly desirable for  eopstant with temperature, Our meas-

sound-level meter use: urements indicate that the temperature
1. Frequency Respense. As shown in  coefficient of sensitivity is approximately
Figure 1, the microphone has a flat  —.01 db per degree Centigrade. This

response to sounds of random incidence.  compares very favorably with that of
Of the several hundred microphones we  laboratory standard microphones, such
have measured to date, all mateh the as the Western Electric Co. Tyee
curve shown to within 4.3 db from 20 640-AA.

eps to above 1000 eps, and most of the 4. Internal Impedance. The internal
microphones mateh the curve to within - jmpedance of the new microphone is
=£1 db up to 8000 eps. capacitive, and, although it is of the

2. Sensitivity. The nominal sensitivity  same order of magnitude as that of the
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Rochelle-salt erystal, it 158 much more
nearly constant. The ecapacitance
475 pl at 25C and varies from 445 pf to
510 pf over a temperature range of 0 to
A0C. The Rochelle-salt unit, for com-
parison, has a nominal eapacitance of
1100 pf, at 25C, which drops to 650 pf
at 10 and 30C,

This high stability of internal im-
pedance results in greatly improved
operation when the microphone is used
with a long extension eable; the eable
loss no longer varies widely as a function
of the temperature at the mierophone.

5. Directivity. The new microphone,
since it is the same physieal size and is
similar in construction, maintains the
good directional characteristies of the
Tyre 1560-P1. Up to 1000 cps the
variation in output with angle of sound
incidence is very small, Above 1000 eps
diffraction causes the microphone to
respond more to sounds arriving normal
to the diaphragm axis (O-degrees or per-
pendicular incidence) than to sounds

s

1000
FREQUENCY IN CYCLES PER SECOND

from other directions. Figure 1 shows
the extent of the variation in sensitivity
as a funetion of the direction of sound
incidence,

6. Ruggedness, Designed to be dur-
able and dependable, this microphone
will withstand, without damage, tem-
peratures of —30 to +95C and relative
humidities of 0 to 1009.

CIRCUIT CHANGES
New ASA Standard

The older Tyre 1551-B Sound-Level
Meter! was designed to meet the re-
quirements of the then current standard,
ASA-Z24.3-1911.

The new Type 1551-C has
modified to conform to the weighting
requirements of the newly announced
standard (ASA S1.4 1961). The changes
in response are not large, but an instru-
ment matching the design center curves
of ASA 7Z24.3 1944 will not fall within
the tolerance allowed in ASA S1.4 1961,

been
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C-weighting, and toleranees allowed by
both standards, plus the actual response
of the new Tyee 1551-C' Sound-Level
Meter to sounds of random incidence,
Design center curves differ only at high
and low  frequencies, while the new
tolerances reduce the possible differences
hetween sound-level meters of different
manufaeture, particularly at low fre-
(uencies,

Figures 3 and 4 compare the new and
old B and A weighting eharaeteristics
respectively. The old weighting eurves
are specified as drawn, The new weight-
ing curves (ASA 814 1961) are specified
with respect to the O weighting char-
acteristics. They are shown here as they
would be in an instrument that matches
the C-weighting design center. Here
again the aim i to insure that instro-
ments of different manufacture will have
very similar characteristies,

In addition to the new weighting
characteristies, the Tyee 1551-C has
i flat response (20 ke position of the
weighting switch) from 20 eps to 20 ke
for sound-pressure measurements with
wide range microphones. The output

@ GENERAL RADIO EXPERIMENTER 6
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Figure 2 shows the design  center,  signal is unweighted and suitable for

spectrum analysis,

International Standard

This sound-level meter also conforms
to the new international standards, The
requirements of the International Rec-
ommendation for Sound-Level Meters
(IEC Publieation 123, 1961) in
most respects, similar to those of ASA
S 1961 The Tyee 1551-C readily
meets all of the electrical requirements.
The free-field acoustieal response re-
guirement is met when the microphone
post is set at an angle of 55° with
respect to the panel of the instrument.
The swivel microphone post can he
supplied with o detent at this preferred
angle. In the near future all Tywee 1551-(°
Sound-Level Meters will be supplied
with a properly detented microphone
post for this applieation.

This new sound-level meter, with iis
stable, high-performance cernmic micro-
phone and its conformance to bhoth
American and International Standards
represents a signifieant advanee in the
aecuraey and reliahility of sound meas-
urement deviees,

are,

— E. E. Gross
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SPECIFICATIONS

Sound-Level Range: From 24 to 150 by (ree 0002
microbar),

Frequency Characteristics: Any one of four re-
sponse characteristies, A, 13, O or 20 ke, can be
ed by w punel switeh,

e A, B oand O weighting positions are in
secordance with American Standard  Associn-
tion specilications on sound-level meters,

The 20-ke position allows the use of the com-
plete Frequency response of the sound-level
mcter’s amplifier, which is flat from 20 eps to
20 ke, so that eomplete use ean be made of
wide-range microphones such as the General
Radio Tyre 1551-P1 Condenser Microphone
Bvstems,

Microphone: The microphone is i highly <table
PZT eeramie type. Condenser and dynamic
microphones are availuble ns aceessories,
Sound-Level Indication: Sound level is indicated
b the sum of the meter and atfenuntor read-
ings. The clearly mnrked, open-seale meter
vovers uospan of 16 db with ealibration from
— {0 fo 10 db, The attenunfor s ealibrated in
10=dl steps from 30 to 140 dly above the
stundard rieference level,

Output: Ay output of 1 volt seross 20,000 ohims
(when the panel meter is at full seale) is nvail-
abile st an output jack, The ontput ean be nsed
o drive frequency analyzers, recorders,
osvilloscopes, A plone-plug-to-Tyre 274 con-
neeting cuble (Tyee 1560-P95) is available,
Input Impedance: 25 megohms in parallel with
50 pf.

Outpul Impedance: 7001 olinis,

Meter Damping: The panel meter hins two
different damping charanetenstios, cither FAST

switeh. The meter hallisties ngree with ctireend
ASA standards.

Calibration: Built-in calibration circuil stand-
ardizes the sensitivity of the cleetrieal circuits
in the sound-level meter,

Colibration Accuracy: After standardization,
soind-level messurements are within =1 db
at 400 eps, as specified in ASA standards, The
Tyee  1552-B  Sound-Level  Calibrator s
available for making periodie acoustie checks
on the over-ull ealibeationg, inefuding miero-
phone,

Temperature and Humidity Effects: [teadings are
independent (within 1 dh) of temperature sod
hunmidity over normal rnges of room condi-
tiomis,

Power Supply: Twu 1 o-voll size 1) Hashlight
vells (Rayovae 2LIY or equivalent) and one
67 o-volt battery (Burgess XX-45 or equiva-
lent) are supplied. A 15-voli ae power supply,
the Tyre |§|[i2-li. i= available,

Tube and Transistor Complement: Four (K512~
AN, two CKGHIS, one 2N1372 transistor,

Accessories Supplied: Telophone plug.

Accessories Available: Typr 1551-1"2 Leather
Crge, which permits operstion of the instriument,
without taking it from the ense, Typr 1560-
PO5 Conneeting Cable, for connecting output
to Tyre 1521-A Graphic Level Recorder

Cabinet: Aluminum, fnished in griy omekle.
Dimensions: [lvight 915, width 7Y, depth (14
inches (235 by 185 by 160 mm), over-nll.

Net Weight: 7% I1s (3.5 kg with hatteries; 03

or SLOW response being selected by o panel b (44 k) including leathor ensie
opne Clorle. Worid Lrice
% 1551-C Sound-Level Mater. . ..o oo nsrirannnn AMIMIC $415.00
1262-B Power Supply. .. .. M I R MAYOR 95.00
Set of Replacement Batteries MIMICADRAT 3.%0
1551-P2 Leather Carrying Case. ... ........ . ...._. CALYX 24.50
1560-P95 Connecling Coblei,..vvie e o sinirnsema. CONEC 3.00

NEW DYNAMIC MICROPHONE SYSTEM

The Tyrr 1560-P12 Dynamic Miero-
phone System replaces the older Tyree
To0-1"25 Dyunamic Microphone and Ae-
cessories’  as a0 high-qualily  acoustic
pickup svstem for sound-level meters,
analyzers, graphic level recordors or tape
recorders, This uew microphone system,
illustratedd in Figure 1, includes the
Tyee 1560-2 Dynamic Mierophone,

CEA Do Micropture for the Sound-Level Mater,
ettt iaclio Krperitmanter, Vol XXV, No. 11, Apdl 1951,

the Tyvre 1560-22 Microphone Trans-
former, the Tyre 1560-172 25-foot cable
and the Tyer 1560-P32 Tripod.

Microphone Characteristics

The older Type 750-125 Dynamie
Microphone was a special Altec Lansing
Tyee 633-A. The Tyre 1560-P2 Dy-
namie Microphone is also manufaetured
by Alftee Lansing and ix o special version

IET
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GENERAL RADIO EXPERIMENTER

Figure 1. View of the Dynamic Microphone
System with the Sound-Level Meter,

of their Tyre 661-A Microphone modi-
fied o meet the requirements of the
American Standard  Specifieations  for
CGeneral-Purpose  Sound-Level Metfers
(ASA S1.4-1961). The Tyer 661-A uses
the same basic moving coil system of the
Tyre 633-A, but it is housed in a smaller
diameter shell which decreases diffrac-
tion effects at high frequencies. It has
a sintered bronze face plate, in place of a
silk eloth sereen, which provides exeel-
lent protection from dust and other par-

ticles, a very worthwhile feature when
the microphone is used in industrial
areas and subjected to atmospheres con-
taining tiny iron particles resulting from
machining and grinding operations.

The low-frequency response, as illus-
trated in Figure 2, remains essentially
flat down to 25 eps. In addition to the
Microphone System response to sound of
perpendicular ineidence (0%) and sounds
of random ineidenece, Figure 2 shows the
over-all response of the Tyrs 1551-C
Sound-Level Meter (O weighting) and
the Tyer 1560-P12 Dynamic Micro-
phone System to sounds of random
incidence. (See Figure 3 in accompany-
ing article on Typer 1551-C Sound-Level
Meter for ASA S1.4 1961 requirements
for C-weighting specifications.)

Use with Acoustic Calibrator

As shown in Figure 3, a step has heen
machined in the face of the microphone
s0 that it can be readily ealibrated with
the Tyre 1552-B Sound-Level Cali-
brator. With 2.0 wvolts at 400 eps
applied 1o the calibrator and the cali-
hrator mounted as shown, the sound
pressure level developed at the Tyrs
1560-P2 Microphone is 119 db re 6.0002
microbar.

Transformer

The response eurves shown in Figure 2
are for the complete dynamie micro-

= |

+— g+~ T
TYPE 1560-PI12 ? \
Il

Figure 2. Free-field response
characteristics of the Type

1560-P12 Dynamic Micro-
phone System for 0" and ran-

! (\ dom incidence, and for the
Dynamic Microphone System
plus the Type 1551-C Sound-
Level Meter for randem in-

cidence.

- _@ \ Jj \
= 0 ‘
’0'
/ £
= =
s RANDOM
-4 o TYPE |560-PI2 A
7 \l
Ry
RANDOM
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phone system and include the Tyre
1560-122 Dynamiec Microphone Trans-
former, which has a very small effect
on the frequency response of the system
between 25 eps and 10 ke. This frans-
former steps up the ontput of the miero-
phone from —90 db to —60 db re 1 volt
per wbar so that the Tyee 1551-C
Sound-Level Meter still reads directly
in db re 0.0002 microbar when con-
nected 1o the dynamic mierophone
system. The transformer is very well
shielded to minimize the effects of stray
magnetic fields. As shown in Figure 1,
a strap that is part of the transformer
case provides a convenient means to
attach the transformer to the sound-
level meter cabinet,

Use

A number of noise-measurement codes
require the use of a dynamie¢ miero-
phone, and noise-control situations con-
tinually arise where the dynamie mi-
crophone is required or where its use
simplifies the measurement problem as
when measurements must be made at
the end of a long cable. Beeause of its

AUGUST, 1961 @
L]

Figure 3. Sketch showing how
the GR acoustic Calibrator
fits firmly on the dynamic

to Aafnit

and r;pruducibl! calibration
conditions.

low internal impedance, the dynamic
microphone can drive very long cables
with no loss in output. voltage and con-
sequently requires no cable corrections.

The combination of the dynamic
microphone system and the Typr 1551-C
Sound-Level Meter meets the require-
ments of ASA S1.4 1061.

SPECIFICATIONS

Sensitivity: Open-circuit output of typieal
microphone is 90 db below one volt per micro-
bar, and of mierophone plus transformer is G0
db below one volt per microbar, The sensitiv-
ity is satisfuctory for direet reading of sound-
pressure level by the Tyee 1551-C, Typr 1551-
3, Type 1551-A* and Tyee T59-13* Sound-
Level Meters.,

Direct Use with Analyzers: Microphone outpot
can be supplied directly to the Tyes 1550-Af
Octave-Band Noise Analyvzer provided the
level of the measured components iz above
70 dh (re 0.0002 microbar) or to the Tyre
1554-At Sound and Vibration Analyzer, pro-
vided the level of measured components is

*Type 1560- P92 Adaptor required.
F e 1560- P08 Adaptor required.

above 50 db. (A Tyre 1552-B Sound-Level
Calibrator is necessary to obtain sbsolute level. )
Moximum Saofe Sound-Pressure Level: Sound-
pressure levels above 140 db ean damage the
microphone.

Calibration: Clutput level is checked in our
laboratories at several frequencies against s
standard microphone that is calibrated periodi-
cally, The level at 400 eps is stated.

Cable Correction: No correction i8 necessary for
the 25-foot cable supplied or the Typer 1560-
P728 100-foot enbile,

Components: Tvre 1560-1"2 Dynamic Micro-
I;I'mnc-, Tyer 1560-P22 Transformer Assembly,
"yre 1560-P72 Cable, Tyre 1560-P32 Tripod.
Net Weight: 515 pounds (2.4 kg); microphone

only, 813 0z (250 g).

Tupe Cade Word Price
1560-P12 Dynamic Microphone System. . .. .. ... : DYNAM $210.00
1560-P728 Extra 100-footcable. . ... ................. ADAPTORWAY 30.00
1560-P92 Adaptor Assembly. ...... ... cuy o e ADAPTORBUG 12.50
1560-P93 Adaptor Assembly. ........ ............... ADAPTORCOF 12.50

0
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A NEW AND IMPROVED
PRECISION CAPACITOR

Figure 1. Panel view of the
new Type 1422 Precision Ca-
peciter. Note the large, trans-
porent flange on the control
kneb, which greatly facili-
tates precise sefting.

There many readers of the
Experimenter who will have no difficulty
in recalling, in a nostalgic moment, the
proud the
makers of the Dodge automobile in the
1920's that they made ‘“no yearly
models, only continuous improvements."
Such a deseription might with equal
truth be applied to the history of preci-
sion worm-driven capacitors at General

are

consistent contention of

Radio. Until the appearance of the new
Type 1422 Capacitor in our current
catalog, there had been only two dis-
tinetively different catalogued designs
in forty years of continuous manu-
facture, the Types 222 and 722. Yet,
two throughout their
useful lives were being constantly im-

these designs
proved as new methods or materials
became available, or when field reports
indicated the desirability of modifica-
tions. Eventually, of course, the
provements that seemed desirable got
beyond the capabilities of the existing

im-

design, and then a fresh start had to be

made. A review of precision-capacitor
manufacture and design (including some
specialized designs never catalogued)
will help to make more significant the
improved features that have been in-
corporated into the new Tyre 1422.

Type 222 First Design

When the writer arrived at General
Radio in the summer of 1921, the Tyes
222 Capacitor, then known as a conden-
ser, was already a well-established prod-
uct of the six-year-old firm (Figure 2).

[t was massively and heavily con-
structed, using cast brass end plates
spaced apart by three hexagonal brass
posts. Bearings were conical, steel shaft
against bronze insert. Only the rotor
and stator plates were aluminum. The
worm and wheel were stoek articles of
commerce made available to all and
sundry through the commercial fore-
sight of the Boston Gear Works.

IET
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Taoillustrate the care exerted to reduce
backlash, from the very beginning the
worm, taper-pinned to its shaft, was
spring-pressed into engagement with
the worm wheel to control backlash as
much as could then be done. The worm
shaft was journaled in a long hinged
brass easting, as can be clearly seen in
Figure 2. After assembly and before
calibration, each capacitor was subjected
to a running-in period to make the worm
and wheel fit more eclosely to one
another. At the same time a similar
effect was produced on the conieal bear-
ings at the two ends of the main shaft.

The insulation at first was laminated
phenolie, at that time the novel material
called Bakelite. Even though its losses
were appreciably higher than those of
hard rubber (the popular good insula-
tion of the day), it was preferred
because it was much more stable
mechanically.

Improvements

Almost immediately began a long
series of changes and improvements.

Stator insulation progressed from
phenolic to  porcelain and then to
steatite. The foating, spring-pressed,
worm  and  wheel arrangement went
through at least four successive designs,
each an advance over its predecessors.

Direct-reading scales first appeared
on the Tyer 222-M, a eapacitor de-
signed for parallel substitution measure-
ments, direct reading in “ecapacitance
removed.”

Throughout this process of improve-
ment the deficiencies in the 222 design
were being recognized, and, when in
1936 the Typr 722 was introduced,’ a
number of basic improvemenis were
made. The composite structure of end

“A New Precision Condenser,” General Radio Experi-
mender, 10, &, January 1936,

IET
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Figure 2. Interior view of an early Type 222
Precision Capacitor, grandfather of all present
types. Inset shows cabinel.
plates and spacer rods was replaced by
an aluminum frame cast in one pieee,
with a eonsequent increase in rigidity
and mechanieal stability. The conieal
bearings on the main shaft gave way o
ball bearings, and the worm drive was
again improved, still further reducing
the backlash. Finally, all metal parts
directly affecting the capacitance were
made of aluminum or aluminum alloy to
give a low and uniform temperature co-
efficient of capacitance. Additional capac-
itance-removed (double-section). high-
frequency, and low-capacitance models
were listed, and direct-reading scales
were used throughout. Linearity over
21, rather than 20, worm fturns was
achieved, providing small overlap be-
yvond nominal decimal maximum AC's.

Three-Terminal Tyi:es

Meanwhile, by the early 1950's, a
number of developments in both mili-
tary and commercial measuring tech-
niques, and demands for high measure-
ment aceuracy made it apparent that
three-terminal (or insulated-rotor) ca-
pacitors should be made available on a
catalog basis. Although these were avail-
able at first only in high-capacitanece
models (50-to-1100 pf), the need for

IET LABS, INC inthe GenRad tradition
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Figure 3. Panel and interior views of the Type 722-D Precision Capacitor, successor to the Type 222,

standardization at lower capacitance
where three-terminal con-
mandatory, dictated the

capacitunce (AC)

magnitudes,
struetion is
design of units with

as low as 1.1 pf.

Special Types of Precision Capacitors

Although it was planned to keep in
stock u-mnn-ut the Tyre 722 for which
there was n solid continuing demand,
some 150 special variations have been
made in the 25 yvears of its life, a few of
them eventually becoming stock items
(e.g., Tyee
-:;u-n-l:tl designs, several Tyre
have been made having
capacitance ranges, respectively 0.05 to
1.1 and 0.005 to 0.11 pf.

However,

722-CB).* As an example of
722-CE’s

two hnear

requirements have arisen
with which the Type 722 structure was
unable to cope.

Figure 4 illustrates a Tyre 622 Capac-
itor having many special features. The
rugged
secure rigidity because of the very high

S-sided casting was made to

frequency-stability requirements for the
ozeillator which this eapacitor tuned.
the

It was used in an instrument for

“A Three-Terminal Precision Con-
r.u..r..H.m:..;J-.;u.umm.r 23, 4, Dvtober 1058,

Hlvan G E
denser,’

)
IET IET LABS, INC inthe GenRad tradition
534 Main Street, Westbury, NY 11590 :

Navy which at gea would be subject to
violent tilting as the ship pitched and
rolled in bad weather. The rotor plates

vielded an end-corrected narrow-range

straight-line frequency performance.
The extra shaft the
thumb in Figure 4 actuates a simple
computer which averages two readings
without ealeulation.

Figure 5 illustrates small precision
worm-driven eapacitors, Tyee 779, which
fulfill & requirement for a capacitor of
only 210 pf AC' to oceupy appreciably
smaller volume than the Tyee
722 and are used in an aireraft fuel-gage
calibrator.

Type 1422 Introduced
While the Tyre 722 was far from
its design was 25 years old.

near assembler’s

does

(,IJF(It“l(',
Most of the improvements that eould be
the framework of the

had made, If
further progress was to be realized,
would require starting afresh, but re-
taining the many demonstrated sound
features of both the Tyrr 722 and the
Tyre 222, and borrowing from other of
the mentioned designs. This has been
done in the new Typre 1422

made within

original design heen

22, Seven dif-

www.ietlabs.com
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ferent models are listed, the analogues
of the Tyre 722's previously offered.
IMgures 1 and 6 illustrate external views
respectively  of typical two-terminal
and three-terminal models, while Fig-
ures 7 through 11 are internal views. A
number of new features :Iltd ill'l[)l'<n‘l'-
ments will be enumerated and deseribed
in connestion with the illustrations:

1. The cases have been changed to
aluminum mstead of wood. This gives
43 meh more stack room on the shaft
with the same ease length and a narrower
box than the Tyer 722. The sides of
the case are made from a heavy alu-
minum extrusion embodying decorative
flutings (Figures 1 and ).

2. For many years
gquested a slow-motion drive for greater
ease in fne setting of the worm dial, not

have re-

H=ers

that aceuracy of reading may be im-
proved but that bridge balancing may
be facilitated. Providing the speed re-
duction is very diffieult to do with the
spring-pressed worm arrangement. How-
ever, the large transparent skirt for the
spinner knob (shown in Figures 1 and 6)
gives about a 3-ta-1 inerease i diam-
eter versus the fluted portion of the
knob, There is even greater improve-
ment in setting ease sinee one ean rest
a thumb against both the panel and the
edge of the skirt and roll the thumb for
fine eontrol.

Figure 5. View of o small precision capacitor,
designed for use in fuel gouge calibrator.

AUGUST, 1961 ’

Figure 4. Final adjustments on a Type 622 “bath-

tub' copecitor, o special model designed for
mechanical stobility under extreme conditions.

3. Figure 6 illustrates the use of the
new locking Type 874 Connectors on
three-terminal capacitors, This feature
makes it
cables in place or to fit the eapacitor
semipermanently and inexpensively with
other

i]l)h\ill]l' to lock c'umu'rlim,:

types of common. coaxial
The
purchase and attach two locking adap-
tors to have a capacitor with rigidly

Con-

nectors. customer need merely

fastened coaxial connectors of the type
desired.

4, Although there were no obvious
places of entry, dust in the eabinet has
oceasionally heen a problem in the past.
To control this, the hole in the cahinet
for the worm shaft minimil
clearance, the transparent skirt catches

has a

the dust when the panel is in the usual
horizontal operating position, and the
window through which the seales are
read has been changed to gasketed
triplex safety gluss.

5. To improve the rigidity and sta-
bility with time of the small section of a

IET
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Figure 6. Panel view of the new Type 1422-CB
Precision Capacitor, on insulated rotor, 3-terminal
model, with o capacitance range of 50 te 110 pf.

fwo-section eapacitor, an additional sup-
port for each stator rod is provided hy
the erescent-shaped aluminum  picee,
shown in Fignre 8, and mounted from an
added bridge which is part of the main
casting.

fi. Onee the small section i= no longer
cantilever supported, its weight may be
safely increased. Thus, more plates
more widely spaced arve used for the
small section commaon the Typus
1422-1) and -ND,

7. The which the
small =ection also =serves to make the
main casting more rigid. This rigidity

(8}

hridge supports

is further improved by adding the rib-
bing on the bottom and flleting the in-
side corners of the casting.

8. Stator have been increased
from 34 to Ly inch in diameter to stiffen
the structure and to reduce the differ-
enee in capacitancee between horvizontal
and vertienl panel positions.

rodls

9. The adding of the bridge gives the
opportunity for a third foot on the
bottom, so that the capacitor, when out
of its eabinet during manufacture, may
be set stably on a flat surface without
abrasion of the drum dial. ;

10. Improvement in the ball-bearing
arrangements was desirable to improve

14

= |

Figure 7. Interier view of the CB-model. Note the
shielding washers at the extreme left, which pre-
vant the direct electrostatic lux from Iraversing
the solid insulation.
the backlash  situation and  stability
with time. When the hall-bearing manu-
facturers recently made available op-
positely disposed pairs of ball hearings
with any desired preload, the answer to
both problems was at hand. The main
shaft has a pair of these at each end.
At the drum-=dial end the outer races are
firmly elamped to the maineasting and
the inner races to o shoulder on the
shaft. At the rear end (visible in Figures
Sand 9) the inner races of the two bear-
ings are elamped  tightly to a shaft
shonlder by the 14-28 Philips head
serew 1o be seen there, The outer races
flont i the elose-fitting, precision-hored
hole through the boss at the end of the
main  casting. This  arrangement
vents the “climbing™ which oceurs even
in o ball bearing, smaller than that
which oecurs with o cone bearing, hut
still observable. Backlush now, if it is
detectable, i= generally no larger than
the width of the engraved line on the
dlinl,

pre-

11, 1t s just as important to give
the worm shaft similar preferred treat-
ment to reduce backlash and eliminate
non-uniformities of motion that would
disturb  the linearity of capacitance
change. Note that any nxial shake in the

IET
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worm shaft can appear us backlash. To
reduce this the new design incorporntes
a smaller preloaded  ball-bearing  pair,
the outer races of which are fightly
clamped within the ronnd housing to
he seen in Figures 7 and 1. The inner
races wre tightly elamped by @ nut to «
shoulder on the worm shaft. The round
housing is supported with sidewise fAexi-
bility, but longitudinal integrity hy a
thin U-shaped beryllium copper menther
fastened to the housing by four serews
and clamped to the main easting, This
strieture locates the shaft axiallv. The
U—shaped beryvllium copper piece pro-
vides free parallelogram-type Honting
motion for the wornme shaft. The spring
pressure produce this motion is
exerted hy o spring-loaded bearing hall
contained within the hex=headed housing
going through the solid bracket just to
the right of the bhall-bearing mount.
The self-aligning bearing st the dial end
of the worm shaft fits nicely over a shaft
shoulder and foats without shake within
the precsion-bored hole i the main
casting. The shake inherent in the bear-
ing is tuken up by u partially
pressed six-fingered Z-washer often used
with ball bearings, whieli bears only

o=

against the outer race,

Figure B. Interior view of the Type 1422-ME, o
dual-range unit, caolibraled in capocitance re-
moved, 0 1o 10.5 and 0 1o 105 pt.

IET
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12, The nature and disposition of the
insulators are greatly different from
those of the Tyrr 722, The insulators,
mstead of being long bars, are short
buttons or washers having one face fla
and the other spherienl in contour, They
mate  with  spherically  counterbored
holes in the easting or in an aluminam
bar. One obvious advantage is that these
insulators are self-aligning. Another is
that they offer a minimum of disturh-
“all-aluminum” nature of
the structure, In the Tyre 722 the
stntor plates would, with an inerease
i eapaeitor  femperature, push  the
stator rods farther apart than would the
steatite insulators (see Figure 3), thus
putting 2 bow in the rods. Thermal be-
havior with the present design is much
more predictable,

13. Since the insulators are made ot
Rexaolite 1422 (the identity of the num-
hers ix pure coincidence), many advan-
tages ncerie. Rexolite 1422 s a eross-
linked, thermo-setting, modified poly-
=tyrene which acquires heat stubility as
a resull of chemieal modification with-

anee o the

out the serions impairmend of dicleetrie

Figure 9. Interior of the Type 1422.N, a high-
frequency model whose rotor connection is mada
through brushes bearing on a disk at the center
of the stack in order to reduce residval inductance.
Note the low-inductance leod to the terminal.
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Figure 10. Interior of the 3-terminal Type 1422.CC
Precision Capacitor, in which a window in the
rotor plate is rotaled between Iwo oppositely
poled stator plates to give o range of 5 1o 110 pf.

properties usually aceompanying such
tampering. The dielectric loss of Rexo-
lite 1422 is essentially comparable to
that of fused quartz and along toward
one order of magnitude better than that
of steatite. Further, its surface 1s com-
parably hydrophobie to that of silicone-
quartz. That if
moisture resistant and maintainsg high
leakage resistance without the hazard
of the possible disappearance of the
gilicone. Therefore, there is no need any
longer to provide quartz-insulated ca-

conted  fused is is

pacitors [or either ae or de uses.

4. As usual, an advantage has its
cost. A small price has been paid Tor
the of Rexolite 1422 insulating
buttons. The zero eapacitance of each

Lise

capacitor section is somewhat larger in
the Typre 1422 than in the Typre 722,
This differenee causes no trouble except
in the case of the small section of the
Tyre 1422-1), which is now linear down
to only 35 pf versus the 25 pf of fhe
Tyre 722,

15. Adjustment of the serrated plates
for linearizing the eapacitance-rotation
curve is accomplished by advancing or

retracting hex-head serews against the
serrations of o spring-tempered phos-

IET
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Figure 11. Interior view eof the 3-terminal Type
1422-CD, another window type with lwo ranges,
0.5t0 11 and 0.05 10 1.1 pf.

phor-bronze plate. This method yields
many advantages over the prior use of
hand-bending serrated aluminum plates
with pliers. Acecess to the adjusting
serews is throngh large clearance holes
in the ends of the casting.

16. Level-adjusting plates have been
moved from the rear to the front cros
bar of the main casting so that their
adjusting serews may be made acees-
sible through the front panel. This
facilitates making that adjustment with
the capacitor inside rather than outside
its case.

17. In the design of the Tyre 1422-CB
Capacitor, extra shielding has been
provided (either cups or washers or
hoth) to keep stray rotor-to-stator field
from fraversing any of the solid insula-
tion, despite its exeellence, Thus the
dielectric losses in the Tyer 1422-CB,
a8 well as in the -CC and -C'D, between
the two hot electrodes should be only
those losses in air and at the air-plate
interfaces.

I18. An examination of the accuracy
specifications for the Tyre 1422 Capac-
itors will reveal major differences in
format, philosophy, and the specification
numbers actually used. Better control of

www.ietlabs.com
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dimensions achieved through changes in
mechanical design and improved tooling
yield better linearity or initial adjust-
ment  figures in some  cases.  Better
Burean of Standards certifications and
more certainty of the precision of our
own measurements enable us to give
better aceuracy figures for calibrations
given on the panel charts and on the
special 106-point ealibrations, which are
more significant and nseful successors
to what used to be called worm-corree-
tion calibrations.

Thus the Type 1422 Precision Vari-

AUGUST, 1961 @

able Capacitors are ready to give the
user improved service over the fine
record of the predecessor Tyre 722's
They represent significant improvements
in a number of important areas. There
is no intention to suggest that they
represent. the ultimate in  precision
apacitors, and work is still under way
to the end that this latest design of
precision capacitor shall be the bene-
ficiarv of the “continuous improve-
ments’” that have made its predecessors
the standard of the industry.
— P! K. McELroy

SPECIFICATIONS

Accuracy: See tuble. The errors tabulated are
wasible errors, i.e, the sum of error contri-
witions  from  setting, stability, adjustment,
culibration, interpolation, and standards. The
probuble errors are almost always smaller, The
necnrpey is inereased when the readings are cor-
rected using the 10 or more calibeated values of
capaeitanee given on the eorrection chart on the
enpacitor |mm-l and inl-ur"Lmluting linearly he-
tween calibrated points. The highest seceurney
can be obtained from o precision ealibration of
approximately 100 points on the capacitor dial,
which permits correetion for slight residual
cecentricities of the worm drive and requires
interpolation over only short intervals, This
precision culibration is availabile for all models
at an extra charge listed below. A mounted
certificate of calibration is supplied, giving
corrections 1o one more figure than the tabu-
lated aecuraey,

Calibration: The measured values are obisined
by comparison, to a preciion better than
0010 00001 pf), with working standards
whose absolute valnes are known to an aeeu-
raey typically =£.02%, determined and main-
tuined in terms of reference stundards period-
ically vertified by the National Burean of
Standards.

The measured values of total eapacitance of
the two-terminal capacitors are the eapaci-
tunces added when the Typee 1422 () itor
is plugged into o Tyre 874-Q9 Adaplor, The
uncertainty of this method of connection is
approximately £.03 pf. Calibration of total
capaeitance  with  the fine-wire connection

IE€T
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method® used for the Tyer 722 Capacitors
results in measired values approximately 0.45
pf lower than those obtained with the Tyre
874-Q9 Adaptor.

Resolution: The dial ean be rend and set without
diffieulty to 1.5 division.

The hacklash is less than one-fifth division,
corresponding to 004 of fullseyle value, If
the desired setting = always npproached in the
direction of inereasing scale reading, no error
from this cause will result,

Insulation Resistance: [ niler <tandard conditions
(23 O, less thun 500, RM), greater than 102
ohims.

Maximum Veltage: All models, 1000 volis, peak.

Terminals: Juck-top hinding posts are provided
on 2-terminal models; standard 3q-inch spacing
is used. The rotor terminal is connected to the
panel and shield. Locking Tyes 874 Coaxial
Connectors are used on 3-terminal models,
Accessories Supplied: 2 Tyre 87458 Cuble
Connectors with all throe-terminal models.
Accessories Available: T'yre 87409 Adaptor.
Mounting: The eapacitor is mounted on un
aluminum panel finished in crackle snd en-
closed in a dust-tight Yg-inch-thick aluminum
Case.

Dimensions: Panel, 7 by 914 inches; depth 814
inches, (180 by 240 by 205 mm) over-all.

*Jolin . Hersh, ¥ A Close Look st Connertion Errors in
Caupacitanee Measurements,” General Radio Experimenter,
34, 7. July 1950,
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t — O — Residual P See table. The series re-

prez-0 m0 e | Rt sistance varies as the square root of the

o | T ':_,_'_,".J | o frequency above 100 ke, Its effect is negligible
2 | o | below this frequency.,

- | S st Freq y Char See plots above, for

) / i tm‘o-l.l rmlmll models. The  resonance  fre-

; _ Aeslint g I : quency for the <CB and -CC models is approxi-

o TamwaL © % " :“..‘z::}: nyd lll::ll»:’h\'.‘?i]m‘}‘ll‘; for the -CD model, G0 Me for

onn “tion.
e ww mow Y wsn e @ e Dissipation Factor: The losses in the two-terminal
FREGUENCY FREQUENTY en mﬂtnns are primarily in the stator supports,

h sre of low-loss polystyrene (DO = ol

Variation with frequency of effective capacitance

i
P ]0""}

and D per pl of capacitance for Type 1422 two-

terminal Precision Capacitors. The very small dissipation factor of the direct

capacitance of the three-terminal capacitors is
diffienlt to measure and i estimated to be not

Temperature Coefficient: Approximately 40027,
greater than 20 3 107 for-CB, 10 2 107 for
-CD,

per degree Centigrade, for small temperatore

chinges. 00,
TWO-TERMINAL |

'READS CAPACITANCE THREE-

RE REMOVED | TERMINAL
TYPE 1422 -D N| b | .ME |.cB |.cc| .cD
CAPACITANCE — min| 100] 35/100( 0 [0 [0 [0 50| 5 ':'o.s’l .05
RANGE, pf: | Me nsowis 11501050105 {105 [10.5 [1100 | 110 [ 11 | 1.1
SCALE, pf Division: 102 [ 02] 02 02| 02|.02 [002| 0.2 |0.02 002 .0002

ACCURACY: -+ Picofarads listed beimv or 4 03% whichever is qtedllt

Darect—ﬂeuding IAd}uﬂmml]:
Total Capacitance

[0.61 [0t 0.61 Differences from Zero| 0.6 [0.15| .04 | .008

Capacitance Difference i 0 T oz]o:j .05 i 1.2 |03 |.08] .08
With Corrections h'um Cnﬂbrulim Chur! [wpplind] é :
Total Capacitance :]—2‘1‘ 0. 3‘“ J .0‘ [ .01 ] .002
Copacitance Difference] 6 1.0 | 0.6 \ 0.6 .08 l OHT 02 08 | ICH | 004
With Corrections from Precision Collhrnlbﬂ (llﬁ'n dmrgo}: = N Wi
Total Capacitance [ oaflontl ou[ I [ 0 .o1 Too1 [ooo2
Copacitance Difference { 02 |.02 (02 |02].02].02 om. 02 |.02 002 L0004

STABILITY: Capacitance change per year not grnmor rlmn 1 s:uIe dhminl!
RESIDUALS (typical values):
Series Inductance, uh

[ .06 | oto{ .024 .oaLow[ os[omaou]m:f 017 [ 017
02

Series Resistance, ohms at | Mc . 03] .008] 02| .o:-.’ Dzjesjor | | i
min scale | 20 580 | ?4 23
a2 i ‘ high terminal to :on| max scale 20 | BSO %8 ] 25—:
e P, minscale | 33 | 600 |92 | 93
> i =33 “"j max scale. 36 | 920 [117 | 115 |
Copacitance at Zero Scale Setting, pf: {11400 135 145 35
1Totsl eapacitanee is the enpacitance sdded when the $1hvide errar by 2 when one setting is maude at o ealibrated
enpacitor 1& plugeed into o Tyer ST4-Q8 Adaptor, pint,
Additional
Price for
Neat W Veight ol Precision
Tiype " Pounds K6 Word Priee Yalihration t
1422-D Prt:isinn Capacitor 1114 8,1 RAPLD $265.00 $ 90.00
1422-MD Precision Capacitor 11 b RAVEL 265.00 90.00
1422-ME Precision Capacitor 1045 4.8 RAZOR 255.00 110.00
1422-N ' Precision Capacitor 1074 4.9 READY 250.00 50.00
1422-CB Precision Capacitor 103, 1.9 HEHLS 250.00 55.00
1422-CC Precision Capacitor 1215 57 RECUR 280.00 55.00
1422-CD Precision Capacitor 11 i REDAN 280.00 165,00

When ordering capacitor with precision calibration, add P to the type number, and add WORMY to
capacitor code word.
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IMPROVEMENTS IN THE
VACUUM-TUBE BRIDGE

The Tyre 1661 Vacnum-Tube Bridge
I primarily for highly acewrate
measurements of the low-frequeney dy-
namic coefficients of vaennm tubes. 1

can ulso measure directly the short-cir-
euit conduetance parameters and the
hybrid parameters of transistors.

The Tyee 1661-B now supersedes (he
Tyer 1661-A. This latest model permits
greater flexibility in the measurement
of  two=seetion tubes, sueh as triode-
pentodes,

These ean now he measured sequen-
tindly without the necessity of recon-
necting the pateh ecords. While the
dynamic coefficients of one seelion are
being  measured, the grid, cathode,
sereen-grid, and  plate of the other
section may  be  grounded, open, or
connected directly to their individual
power supplies, as determined by the
selector switch setting. This last posi-
f1on permits measurement. of static tube
charaeteristics with no voltage drops
beeause of bridee transformers. A cen-

tral switch position permits measure-
ment of the static characteristics of hoth
sections simultaneously, There 1s also
provision for measuring the de voltage
at the “plate” of the section whose
dynamic coeflicient is being measured.
Thix feature is particularly useful in the
measurement of transistors or high-plate-
current tubes where the voltage drop
across the 3d4-ohm primary of the ontput
transtormer may be significant.

The terminal arrangement for con-
neeting power supplies now provides for
two  wid, two  sereen-grid,
plate supplies, Two pairs of terminals
permit conneeting individual  cathode
resistors for the fwo tube sections, Panel
plugs are provided for paralleling heater
leads when the tube is designed for hoth
12,6~ and G.3-volt heater operation.

and  two

A Nuvistor soeket is now supplied to
permit testing this new line of tubes,

The  price  remains l.llll’llilTl;.'.,l-.‘l] af
F1100.00.

LOCAL EXHIBITS — SYRACUSE TO
WASHINGTON, D. C.

Convenient, comprehensive,

tent, and concise. These words deseribe

COINE-

the second annual Electronie Tnstrament
Manufacturers  Exhibit (KIMIE), co-
sponsored by seven leading instroment
manufacturers. If you are  between
Syraeuse and Washington, you can reach
an exhibit location easily. Many new
mstriments to solve your measurement

IET
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problems will be demonstrated hy fae-
tory engineers. You can discuss your
interests in uulireried detail.

The sponsors arve General Radio Com-
pany, Lambda Electronies Ine., Non-
Linear Svstems Iue., Panoramic Elee-
tronies Ine., Sensitive Research Ine.,
Tektronix Ine., and Trio Laboratories
Ine. The schedule of exhibits is:

www.ietlabs.com
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Syracuse, New York, Sheraton Inn,
September 21, Thursday, 12:00 - 7:00
P.M.

Norwalk, Conneecticut, Norwalk
Motor Inn, September 25, Monday,
12:00 - 7:00 P.M.

Roosevelt TField, L. I., New York,
Sagamore Room, September 27 and 28,
Wednesday and Thursday, 12:00 - 8:00
P.M.

Cedar  Grove, New Jersey,
Towers, October 2, Monday,
7:00 P.M.

Philadelphia, Pennsylvania, Bellevue
Stratford Hotel, October 3 and 4, Tues-

The
12:00 -

20

day and Wednesday, 12:00-8:00 P.M.

Watchung, New Jersey, Wally’s, Oe-
tober 9, Monday, 12:00-7:00 P.M.

Washington, D. €., Marriott Motel,
October 11, Wednesday, 2:00 - 9:00 P.M.

General Radio will be operating its
newest frequeney instruments: the Type
1130 series of digital counting instru-
ments, the Tyee 1142-A Frequency
Meter and F-M Discriminator, and the
Tyre 1120-A  Frequency Standard.
Among other new instruments, see the
Tyrr 1232-A Tuned Amplifier and Null
Detector, the Typr 1553-A Vibration
Meter, and the Tyri 1264-A Modulating
Power Supply.

BARGAIN SALE
TYPE 650-P1 OSCILLATOR-AMPLIFIER

Experimenter readers who are still
using Tyee 650-A Impedance Bridge
(which has now been replaced by the
Tyee 1650-A) may be interested in
acquiring a Tyere 650-P1  Oscillator-
Amplifier which converts the bridge to
an ac-operated instrument, provides a

1000 eyele generator and a de supply for
resistance measurements, and includes
an amplifier tuned to 1000 cyeles for the
detector cireuit. This instrument, orig-
inally priced at $155, is now available
at $87.50, while they last.

TYPE 1262-A POWER SUPPLY

This power supply is an ae power
pack, which converts the discontinued
Tyre 1551-A Sound-Level Meter to ac
operation. Originally priced at £70 for
the 115 volt model and $85 for the 230
volt model, it is now available to those

interested at the reduced price of $25.
For 115 volt supply order Typre 1262-A;
for 230 volt supply order Tyre 1262-
AQIS. Both models operate from power
line frequencies of 50-60 eps.
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