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A TEST OSCILLATOR FOR S-BAND

MEASUREMENTS

With the TYPE 1360-A \1icrO\l"ave
Oscillator, the frequency range of
General Radio continuously tunable
oscillators is extended to 4 Ge. Although
not itself one of the Unit Instruments,
it ~lIpplcmcnts this popular line of test
equipment that provides the USCI' with
versatility and quality at a reasonable
Price.

Eyery effort has been made to give
this nc\\" oscillator, within the design
limitations dictated by tube choice and
price, maximum usefulness as a driver
for "lotted lines, as the local oscillator
in a heterodyne detector, and as a
geneml-purpose power source for meas­
urements on components and systems
nt microwave frequencies.

The frequency range of the oscillator
is 1.7 to 4.1 Gc. Output power is LOO
milliwatts or more OVOI' most of the
frequency mnge. Internal i-kc SqU3I'C­

wave modulation is provided, as is also
a narrow-band sweep at both i-kc and
the power-line frequency. IVlodulation

from external sources can be fm) square­
waye, or pulse.

RF CIRCUIT

The microwave oscillator in the TYPE

1360-A is a TvpE 5836 RcRex Klystron
in a coaxial cavity with a noncontacting
tuning plunger. The frequency range is
split ill order to obtain a maximum range
of interference-free operation and) at
the same time, to proyide maximurn
output power. For the higher frequency
range (2.6-4.1 Ge), the cavity length is
%: wavelength and the klystron is
operating in its 2%: repeller mode. In the
lower frequency range (1.7-2.8 Gc), the
numbers are )4 and 1)4 respectively.
The range switching is controlled auto­
matically by the main frequency dial
(cclltel' of panel, Figure 1), and] sincp
tho higher frequency range requires the
longest cavity, the lowor frequency range
starts at the top end of the higher one.
The two ranges are separated on the
dial by difTerent colored scales, and a

Figure 1. PClnel view of the MicrowClve OscillCltor.
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MODULATION

Since the most-used type of operation
(other than CW) for a Lest oscillator at
these frequencies is I-kc square-\\"uve
modulation, this is provided internally.
To facilitate matching the frrqucncy to
thc filter in the detector systcm, a scre\\'­
driver adjustment on the front panel can
vary the modulation frequency ap­
proximately ±5%. In the STANDBY

position of the modulat.ion s\yitch. br­
tween the cw and l-KC square-w:lye
positions} the rf energy is shut off.

Karrow-band, linear sweep is proYid('d
at po""er-line frequency and 1 kc. This
ca.n be uscd for checking receivers and
other narrow-band devices, and is also
very useful for realigning the klystron
oscillator after a change of klystron
tube. Whcn the klystron is being swept
internally, oscilloscope synchronization
can be obtainrd through negative triggrl'
pul~e~ from the oscillator.

Square wayes for modulation at other

attenuatar (pick-up loop) knob is cali­
bratcd in arbitrary units (maximum
coupling is 100), but the divisions are
equintlent to decibels except in the non­
linear range of the attC'nuator where the
output pO\\"er is greatC'~t. TOhe area \Yhere
over-coupling is possible at some fre­
quencies, m"cn ,,·ith a 50-ohm load, is
indicated on the attenuato!' dial by the
legend WATCH OU'l'PU'l' i\lONI'l'OR. The
output monitor is fed from a direcLional
coupler in such a manllcr that it is quite
insensitive to load changes. A variablr
resistor in series ,,·ith the meter serves
as a scnsitiyity control.

The output connector is a 50-ohm
TYPE 87-1 Locking Conncctor which \Yill
permit a scmipermanent attachment of a
cable or an adaptor to some other type
of coaxial connettor.

/f-,
/

I ./ -........ I--..
o /

,

OUTPUT CIRCUIT

The output control is at the lower
right of the panel. The output power is
a function of frequency, as shown in
Figure 2, and is more than 100 milli­
watts 0'"01' most of the' frequency range.
At thc vcry low-frcquency end of the
range, it may be as low as 20 milli\yatts,
which corresponds to 1 v into a 50-ohm
load_ At thc uppc!' end of each frcquency
rangc, it is possible to overload the
klystron oscillator, and an output moni­
tor is pwyidcd to \Yarn against this
condition. The monitor enables the user
to extract the maximum output po\Yer
at any setting of the frequency dial.
The output po,,·er is controlled by a
retractable pick-up loop in the oscil­
lator c",-ity_ Tlw dial plate on the

1.8 2.0 2-2 24 26 28 3.0 32 34 3" 3.8 0

FIlEOUENCY IN GIGACYCLES

Figure 2. Typical variation in output with
frequency.

"'0

~ 10

5

pilot lamp indicates ,,-hich scale is to be
read. The tuning law of the repeller is
matched to that of the ca,-ity by a
specially shaped, high-resolution po­
tentiometer, and the final adjustment
is made by trimmer rheostats. In series
with the repeller potentiometer is also a
small rheostat for finc frequency adjust­
ment (6F knob), with a range of ap­
proximately 1 IVlc. However, since
adjustment of this I'hf'ostat may seri­
ously harm the tracking of repeller
voltage and cilYity tuning \\"holl the
oscillator is square-wave modulated, the
b.F conlrol is disabled under lhat
condition.

4



frequencies can be applicd by an ex­
tcrnal source. Recommended sources are
the TYPE 121O-C Unit RC Oscillator and
the TYPE 1217-B Unit Pulse Generator.
The latter is also recommended for pulse
modulation. For external frequency
modulation, the modulating signal is
applied across a series resistor in the
repeller lead.

The three block diagrams in Figure 3

JANUARY·FEBRUARY, 1962

illustrate how modulation is accom­
plished, and it should be noted that
different methods are used for pulse
modulation and square-wave modula­
tion. For pulse modulation (Figure 3b),
the klystron beam current is interrupted
by application of a negative voltage to
the normally positive biased grid. Dur­
ing the first couple of hundreds of mj[Ji­
seconds after the current is turned on

(0)

cw, SWEEP AND FM

I ~c SWEEP.

LI~£ FR£O SWHP·

I'~T SWEEP
TRIGGER OUT

ow

I
EXT FM

Figure 3a. Schematic for
CW, sweep, and fre­

quency modulation.

Figure 3b. Schematic for
pulse modulation and

standby operation.

OTERNAL En J"L
MODULATION

o--J

Ib)

PULSE AND STANDBY

:)jo--"
I'0',,

', ~A.!!:! ..!.U~N~"-.Q.N~oL -.:'

5
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'------IJ'~=~~.-JV20'

'~ClJ'"

~~
E ~rEIl'ML

MODULATION

(e)

SOUARE WAVE

@ourPUT

Figure 31:. Schematic fa,
squore-wove modula_

tion.

again, the frequency may shift by as
much as a megacyclc. For short pulses,
the frequency shift does not amount to
very much) and, since the grid is the
pulsing member that givcs the best rise
timc) it is used for pulse modulation.
For square wa\'CS, however, where the
on-period may last for a longer time)
the frequency shift may be undesirable,
and it was found advantagcous to re­
peller-modulate the klystron. The tube

is tracked outside and parallel to the
mode pattern and pulsed into the mode.
Admittedly, a frequency change docs
take place at the edges of the pulse, but
the time is short compared to the period
of the most commonly used square-wave
modulation. If the user so desires) how­
eyer, short pulses can bc applied to the
repeller, 01' square waves to the grid,
after readjustments of thc symmetry
control insidc the instrument,

6

Figure 4.
Interior view.



The internal narrow-band sweep at
line-frequency 01' 1-kc rates is produced
by application of an internally generated
sawtooth voltage to the repeller. Owing
to the inherent characteristics of the
klystron, the sweep is practically lineal'
in frequency.

External modulation voltage for fm
is applied to the repeller through a
O.O-J.7-~f capacitor. The input irnpedance
is 400 kilohms shunted with 70 pi.

POWER SUPPLIES

Both thc cathodc and rcpcllcr of the
klystron are fed from well-rcgulated
supplies. The repeller heater is fed from
a dc supply, which, like the power supply
for the modulator circuit, is unregulated
but adequately filtered. The bias voltage
for the klystron grid is taken from a
Zener diode in order to make the voltage
constant and independent of the gl'id
currcnt, which varies considerably from
tube to tube.

MECHANICAL FEATURES

Thc TYPE 1360-A is packaged in a
7-inch relay-rack cabinet and can be

JANUARY-FEBRUARY. 1962 ~

obtained either with end frames for
bench usc 01' with support fittings for
rack mount. Figure 4 shows the instru­
ment with the cabinet removed. Almost
all the electronic components are
mounted on etched boards which arc
easily accessible from both sidcs. Tube
replacements, including the klystron, do
not require any tools, and precautions
have been taken to prevent service per­
sonnel from accidentally touching high­
voltage terminals.

The noncontacting tuning plunger is
supported by a carriage with long-life
reinforced TeHon bearings, and the rack
and pinion drives fol' the tuning plunger
and attenuator require a minimum of
lubrication.

-PEIl A. BEIlGS1'AD

CREDITS

The TYPE 1360-A :\fi('rowave Oscillator WAS

developed by Per A. Bergstad, author of the
foregoing descriptive article. William G.
Cooper, Eduard Karplus, Charles S. I\:cnnedy,
Benedict O'Brien and Robcrt A. Sodcrman
have all contributed to the final dcsign. George
A. Clemow was responsible for the mechanical
design.

-EDITOR

SPECIFICATIONS

FREQUENCY

Range: 1.7 to 4.1 Gc in two ranges, 1.7 to 2.8 Gc
and 2.6 to 4.1 Gc.
Fine Frequency Contral (6F): Order of 1 ~1c, but
not functioning for square-wave modulation.
Accurocy: ±1%.
Stability: Warm-up drift is approximately
0.15% during the first hour, total drift ap­
proximatcly 0.25%. After warm-up, frequency
is st~hlc within approximately 5 ppm.
Residual FM: Approximatcly 0.5 ppm in the
lower frcqucncy range ancl 0.2 ppm in the higher.
Dominant frequencies arc 60 and 120 cps (wit.h
6O-cyc1e line frequency).

OUTPUT POWER

Typically more than 100 mw above 2 Gc.
Total variation in maximum output with fre­
qucncy is 20 to approximately 300 InW.

Altenuator: Relative calibrat.ion only.

INTERNAL MODULATION

Narrow-Bond Sweep: 1 to 3 !\'Ic maximum at 1
ke and power-line frequency. i\egat.ive trigger
pulsc supplied.
SquCJre.Wave: 1 kc, adjust.able approximately
±5%.

EXTERNAL MODULATION

FM: Sensitivity approxim:ltely 0.2 .\Ie per volt,
input impedance, 400 kilohms and 70 pf
(ae only).
SquCJre.WCJve: 50 cps to 200 kc, 12-v (rms) sine
wave or 2O-v (peak-to-peak) squnre wave; 20%
minimum duty cycle from external SOllrce.
Input impedance greater than 100 kilohms.
Pulse: Rise and fall times approximately 0.2
¢;ec, minimum length approximatcly 0.5 ¢;cc,
jitter may be 0.2 IJsec. Tnput impedancc 100
kilohms; driving-pulse amplitude, 20 v (peak­
t.o-peak); maximum duty cycle 20%.
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Price

SPECIFICATIONS (Cant.)
one each 6AN8, 6AV5GA, 12AX7, 12BH7A,
565\,5836 (Reflex ,Klystron), 5965.

Accessories Supplied: TVPE 874-R22 Patch
Cord, TYPE 874-C58 Cable Connector, TVPE
CAP-22 Power Cord, and spare fuses.

Dimensions: Width 19, height 772, depth 15~

inches (485 by \95 by 395 mm), over-all; panel,
19 by 7 inches (485 by 180 mm).

12AT7, Net Weight: 38 pounds (17.5 kg).

Code WordType

GENERAL

Terminals: RF output, TYPE 874 Locking Con­
nector. !vlodulation, binding posts.
Mounting: Bench or relay rack.
Power Input: 105 to 125 (or 210 to 250) volts,
50 to 60 cps, 85 watts. Instrument will operate
satisfactorily (except for line-frequency sweep)
at power-line frequencies up to 400 C.

Tube Complement: Two each 6197 and

1360_AM
1360-AR

Microwave Oscillator, Bench Mount.
Microwave Oscillator, Rack Mount.........••••.•.••.

BURLY

BASSO
$11 00.00

1100.00

U.S. PateRt :Jo. 2,548,457

MORE AND BETTER PULSES
FROM THE UNIT PULSE GENERATOR

The TYPE 1217-A Unit Pulser' was,
like its companion instruments in the
unit line, designed for maximum utility,
minimum complexity, and low cost. 'The
thousands of these compact, high per­
formance devices that are now in use
have shown that the design was indeed

1JL W. Frank. "Pulses in a Small l'aekaJl;C - A Pulse
Generator for the L"nit Line," GeneT<ll Radi.o Experi­
me1lter, 28, 10, i\larch, 1\)54.

a successful blend of these often con­
flicting factors. Time has made available
new circuits and components, and ex­
perience has shown "'here improvements
would be both desirable and practical.
In the redesign the goals set were simple:
to make every possible improvement
compatible with the two conditions of
no increase in price and no increase in
power supply requirements.

Figure 1. Panel view of the Unit Pulse Generator.

8
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TABLE I

Comparison of Major Characteristics of the Types 1217-A and 1217-B

Chorocteristic 1217-A 1217·8

Pulse Rise Time <50 nsec <20 nsec (50 ohms)

Pulse Fort Time <150 nsec < 10 nsec (50 ohms)

Pulse Durotion Continuous 150 nsec - 60 msec Continuous 100 nsec - 1 ,eo
PRF (Internal) Steps 30 cps - 100 kc Continuous 2.5 cps to 500 kc

PRF (Eltternal) Locked 30 cps - 100 kc Continuous dc to I Mc

Pulse Amplitude ±20 v into 1 kilohm ±40 v into 1 kilohm
(J -kilohm output impedonce)

Input Sensitivity 30 v ot 100 kc O.3vatlMc

Accuracy PRF ond Duration ±15% ±5%
Delayed Pulse None To trigger 0 second generator

Similarity between the new TYl)E
1217-B l;nit Pulse Generator and its
popular predeccssor gocs little furthcr
than the four digits of its type number.
Significant changes have been made in
all performance specifications" The most
important parameters are listed for
comparison in Table 1. It can be seen
that, in every instance, the performance
figures are increased by at least 2:1 and
often by more than 10:1.

This performance is achieved in two
\\lays:

(1) The TYPE 1217-B uses better devices;
being neither wholly "transistorized" nor
wholly "vacuum tubc-izcd" it takes full
advantage of the best properties of both
modern transistors and vacuum tubes.

(2) The TYPE 1217-B has completely un­
conventional circuitry for all functions­
evcry component works full time. In
fact, through a series arrangement of

timing and output circuits, the 55-rna
input current from the po\'"cr supply is
used to provide 40 rna of useful load
currcnt.

The new design has othcl' ncw features,
not clearly shO\nl in Table I, ,,"hich can
be better apprcciatcd aftcr some of the
new circuit charactcristics arc more com­
pletely explained. These will be discussed
in the scction on applications, below,
after thc circuits havc bcen cxplained
in some detail.

CIRCUITS
Block Diagram

Figure 2 is a block diagram of the
circuit. In block form things look quite
conventional. The input circuits consist
of a Schmitt trigger circuit dri\"cn by an
amplifier connected to the input ter­
minals so that the pulse generator will
be started by a triggering pulse once
per cycle of any input waveform at any

.,,~,rl,lD£•
(1(IT/'I,I' ,,,""""c.

Figure 2. Block diagram of the circuit system.

9
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frequency from de to over one megacycle
per second. Conventional-yes, but
eVf'ry active part, of this input-triggering
circuit is converted to a stable He-con­
trolled oscillator when internally pro­
duced pulse repetition frequency (prl) is
desired. This oscillator will produce any
desired I'ceul'rence frequency between
2.5 cps and 500 ke.

The trigger pulse from these input
circuits: (1) operates a sync-pulsc­
producing stage to form both positive
and nf'gative pre-triggers, and (2) starts
the pulRc-generating and timing circuits.

A transistor-bistable circuit, set by
the trigger from the input circuit,
simultaneously operates the pulse out­
put stage and the pulse-timing circuit.
The output stages, producing both
positive and negative pulses, are a pair
of po\yer pentodes acting as 40-ma
current sources. The timing circuits
are comprised of a switch tube, a high­
speed clamp and a Schmitt trigger.
\\Then the transistor bistable switches,
starting the pulse, the timing switch is
turned off. A precision capacitor is
charged to the point where the Schmitt
trigger operates, producing a reset trig­
ger for the bist.able control circuit,
thereby terminating the pulse.

The 40-ma current-source output
pentodes are directly connected to the
output terminals thl'Ough a I-kilohm
amplitude controt. 2 Forty-volt positive
and negative pulses are thereby pro­
duced at full amplitude. Since the con­
nection to the output terminals is
direct, the dc component of the pulses
is present, and ramp-off cannot occur,
no matter how grcat thc pulse duration.

Input Circuits

Figure 3 is a simplified schematic
diagram of the input circuits and prf
oscillator. The switching for the circuit
is shown here in proper position for the
aperiodic-input-circuit connection.

In this connection Vi amplifies the
input signal, and the voltage divider It l

and variable resistor R 2 apply the
amplified input signal to the Schmitt
circuit, V 2. R 2 in this application permits
an adjustment of the dc component of
the input signal either to optimize the
triggering sensitivity or to adjust the
phase of the output pulse \yith respect
to the input signal over a limited range.

\\Then the PHFselector switch is thrown
to any onc of its other twelvc positions

!This output circuit configuration is identical to that of
the General Radio Typ.; 1391-B Pulse, Sweep. and Time_
Delay Generator.

,-----~-----,.-.+150

t--'-. TRIGGER
OUTPUT
TO START
PULSE

INPUT....JNv-t-f-~'"

-150

Figure 3. ElementClry schematic of the input circuits.

10
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-----.----r---'----·'50

figure S. Elementary schematic
of the pulse-liming and output

circuits.

DESL:~~D"*If'-­
J..

.,

STOP

_~----_--- -_-J50

tion is set by the cathode current of the
amplitude-comparator Schmitt in Rs.
Any variations in this current will affect
both the initial and final voltage values.
Again, as in the input circuits, this
comparator is stabilized by heavy cur­
rent feedback and the triggering voltage
is determined by precision resistors.

Output Circuits

Figure 5 also shows the output CIr­
cuits. I3pforc a start trigger pulse is
received from the input circuits Q, is on
and Q, off. V3 is therefore conducting at
(nearly) zero-bias and V, is off. When a
trigger pulse is received Q? goes on bring­
ing 1'" 011. Y 3 and 11" are a pair of power
pentacles which pass 40 rna when on at
zero-bias. ~rhc interruption of plate
currcnt in V3 produccs a, 4D-volt positive
pulse in its load rcsistor. Simultaneously
l'4 turning on produces a .to-volt nega­
tive pulse across its load resistor. The
extreme speed of Q, and Q, in the tran­
sistor nip-nop switches these plate cur­
rents on and ofT very rapidly. A typical
positive currcnt transition is of the
order of 15 nanoseconds, while the

negat.ive transitions are typically 8 nsec.
(See Figure 6.)

l'he very rapid current transitions are
applied to the I-kilohm output potenti­
ometersand an internal stray-capacitance
of approximately 30 pc. With no external
loading the rise time of voltage is ap­
proximately 60 nscc. External capaci­
tance ,,,,ill increase this rise time by

0.12.,.. sec pulse in 1·
nsec rise time sompling
system; 20 nsee/em.

Positive transition,
10 nsedem

Negative transition,
10 nsec/em

Figure 6. Oscillogram showing typical output
transitions in a 50-ohm system.

12
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0.4 volt, peak-to-peak,
into 10 ohms;
0.1 JJ. sec/em

4 volts, peak-ta-peak,
into 100 ohms,
0.1 JJ.seclem

40 volts, peok-to--peak,
into 1 kilohm;
0.1 JJ.sec/cm

•
2-volt, O.>JJ. sec pulse;
5().oh'TI termination;
0.1 JJ. sec per division

B
2-",0It, S-jJ. sec pulse;
SO-ohm terminotion

C
As in (B). but with
open-circuit termi­
nation, 4().volt pulse

Figure 7. Open-circuit rise-ond foil-lime oscillo­
grams; 'scope has 12-pf probe.

approximately 2 nsec/pf. With this out­
put circuit. form, no overshoot will ever
be obsen'ed, and the rise and fall of
output voltage is purcly exponential
(see Figurc 7 where thc output pulse is
shown as prcsented on a Tcktronix 5-13
oscilloscope with 12-pf probe).

\Vhen the ultimate current rise timcs
arc to be utilizcd it is necessary to
terminate the pulse generator in an
impedance appropriate to the coaxial
cable (50 or 93 ohms) to be used. Fast
2-volt pulses in a 50-ohm system are
sho\\-n in Figure 8.

AP PLICATIONS

The extremely wide ranges of pulse
duration and prf produced by this pulse
gencrator fit it for almost any applica­
tion in which a pulse is nccded. Thcrc
arc so many applications that it is
difficult to select a sample group to be
included here. The new model has
demonstratcd itself to bc far rnol'c useful
than its predecessor because:

(1) Its duration control, being more
accurately calibrated, Cc:'ln be used for
quantita.ti\·e measurement of maximum
and minimum durations, fol' example,
ovcr \\'hich a flip-flop will function. The

Figure 8.
2-volt pulses into 50 ohms_

pulse duration can be established with­
out the necd to read an oscilloscope.

(2) Since the amplitude control varies
output impedance, the instrument can
be set to produce a correct dri\'ing-point
impedance for any passive pulse net­
work.

(3) Its linear current-source output
system produces a clean pulse of easily
adjustable and equal rise-fall time.

(4) Since the prf can be continuously
varied it is possible, for example, to
establish the resolution failure point of
a nip-flop precisely.

(5) Theaperiodicsynchronizingcircuit
for external control of the prf makes it
possible to drive the instrument from an
RG or beat oscillator over the full range
of that oscillator with no control adjust­
ments on the pulse generator. Therefore,
the prf accuracy and stability is that of
the driving oscillator. It is also possible
to produce pulses with a random fre­
quency distribution.

(6) The stability of the internal prf
oscillator makes it possible to use the
TYI)E 1217-B in systems as a precise
frequency divider of high ratio (Figure
9, A and B).

13
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A
9: 1division of loMe input
sine wave I J..Isedem;
prf -111.1 ke

B
20:1 division of l-Me
input sine wove

C
Complex pulse from
two generators
in parallel

Figure 9.

(7) The presence of a threshold control
for the external synchronizing circuit
makes it easily possible to produce single
pulses. A 1.5-,"olt cell and Micro S,,"iteh
can also be used to produce single pulses
from a hand-held trigger generator.

(8) The linear, de coupled output

permits paralleling to provide complex
output pulses with no external adding
networks: as shown in Figure 9C.

Beyond the general increases in ap­
plicability obtained through the design
improvements listed above, experience
has shown that the TYPE 1217-B is a
lIseful source for measurements on
transistor systems. It can operate satu­
rated transistor switches, both npn and
pnp, without coupling networks. Since
the pulse generator is direct-coupled, the
solid-state switches can be operated over
its full duration-range. Figure 10 shows
the connections for driving a pnp
transistor switch. The low output im­
pedance of the TYPE 1217-B is normally
sufficient for hold-back during the pulse
off-time. Figure 11 shows the direct con­
nection for switching npn transistors.

- R. W. FRAKK

(e) -;;;'"

- Ecc PO'NER SUPPL'(

0=n...

--,--NEG POWER SUPPLY
< 40 VOLTS

TYPE 1217-8

I()\ •0
0

101 ...

TYPE 1217-8

t(j\

(b)

TYPE 1217-8

~+o
o

TYPE 1217-8

t(J

Ib)

Figure 10. Control of pnp transistor switch. Figure 11. Control of npn transistor switch.

SPEc/FICATlONS

PULSE REPETITION FREQUENCY

Internally Generated: 2.5 cps to 500 kc with
calibrated points in a 1-3 sequence from 10 eps
to 300 kc, and 500 kc, all ±5%. Continuous
coverage of the range from 2.5 cps to 500 kc
with fin uncalibratcd control lowering the fre­
quency of the calibrated points.

Externally Controlled: Aperiodic, de to 1 Mc with
I-v rms input (0.5 v at 500 ke and lower); input
impedance, at 0.5 v rms, approximately 100
kilohms shunted by 50 pf.

OUTPUT PULSE CHARACTERISTICS

Durotion: 100 nsee to 1 sec in seven decade
ranges, ±5% of reading, or ±2% of full scale
or ± 25 osee, whichever is greater.

Rise Time:

a, Tnto terminated 50- aI' IOO-ohm cables all
transitions will huve rise times less than 20
nanoseconds (typically 12 nsec).

b. On high·voltage output (40 v at 1 kilohm)
rise time will be limited by load capacitance.

14
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SPECIFICATIONS (Cont.)

duration to rcset the input circuits of a follow­
ing pulse generator. (Sec oscillogram abovc.)

POWER REUUIRED

300 v at 55 rna, 6.3 v at 3 amp. TYPE 1203-B
Unit Power Supply or TYl'f; 1201-B 'Cnit
Hegulatcd Power Supply is rf'Commended.

DIMENSIONS

Width 91,-2, height 53.\, depth 6% inches
(240 by 150 by 165 mm), over-all.

NET WEIGHT

4% pounds (2.1 kg).

0.05%
0.05%

t·J.lsec pulse into
50 ohms with
delayed sync pulse

STABILITY

PBV and pulse-duration jitter are dependent
on power-supply ripple and regulation.

It. With TYPE 1201 Power Supply (recom­
mended), input terminals short-circuited,

PHF Jitter O.Ot %
Pulse-Duration Jitter 0.01 %

b. With TYPE 1203 Power Supply
PH r Jitter
Pulse-Duration Jitter

Synchronizing Pulses:

Pre·pulse: Positive and negative to-volt
pulses of 150-nscc duration. rr positive sync
wrminal is shorted, negative pulse can be in­
crc:l.scd to 50 v. Sync-pulse sour('e impedance:

positive - approx 300 ohms
negative - approx I kilohm

Delayed Sync Pulse: The delayed sync pulse
consists of a negative-going transition of ap­
proximately 5 volts and lQO-nsec duration
coincident with the late edge of the main pulse.
The duration control re~lds the time between
the pre-pulse and the delayed sync pulse. The
delayed sync-pulse neg<ttive transition is im­
Ilwdiately followed by a positive transition of
approximately,') volts amplitude and 150-nsee

Hise and fall times Lypic311y 60 llSec + 2
nset 'pf external load capacit:Ulce.

Voltage: Positive and negative 40-ma current
pul"es available simulbncously. DC coupled,
wilh de component ncgativc with respect to
ground. 40 volts peak into I-kilohm internal
load impednnce for both negativc and positive
pulses. Output control marked in approximal..e
output impedance.

Overshoot: Overshoots and noise in pulse, less
than 5% of amplitude with correct termination.

Bamp-off: lcss than 1% everywhere.

Code Word Price

1217-8 I Unit Pulse GenerCltor . A.\IASS $250.00

AUTOMATIC MEASUREMENT OF

PHONOGRAPH REPRODUCERS

By B. B. BAUER, Vice President
CBS laboratories, Stamford, Connecticut

Among the latest of manual proce­
dures to yield to automation is the
ITleasurcment of phonograph reproducer
charactcristics. This is made possible by
development of the new CDS Labora­
tories Type STR 100 Stereophonic Fre­
quency Test Record, which is adapted
for usc with General Radio TYPE 1521-A
Graphic Level Recorder.

A stereophonic record contains two
related program channels "'hich are
identified with orthogonal modulations
of the \mlls of a single groove. The left
channel corresponds to the inner groove
wall, the one closest to the center, and
thp right chann!:'l to the outer groove
wall (away f!'Om the ccntcr). The positive
directions of these modulations are at

15
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+450 and _450 to the record surface,
respectively (Figure 1). The pickup has a
single stylus acting on a pail' of trans­
ducers, arranged in an orthogonal fash­
ion and intended to generate independ­
ent \'oltagcs when driven by the re­
spective groove-wall modulations (Fig­
ure 2). The voltages el and er generated
in the transducers drive two amplifiers
and loudspeakers to reproduce the re­
corded information.

The only feasible ,my of testing the
performance of a phonograph pickup is
by use of a frequency-test record) on
which tones have been recorded at
various frequencies. Stereophonic
frequency-test records have sepal'ate
recordings for the left and the right
channels. The response vs frequency of
any given pickup channel produced by
the corresponding record channel is
known as "response-frequency charac­
teristic1J or simply flresponsc" of the
channel on the particular rccord. The
response from the opposite channel is
known as "crosstalk-frequency charac­
teristic" or simply IIcrosstalk." The
customary units for both characteristics
arc db re I volt rms. The difference at
anyone frequency (or average o\-er a
group of frequencies) between response
and crosstalk is known as flchannel
separation," expressed in db.

,,,

RECORD
CENJrR +

I I I ,. ,
I I l~~
LIfT RICHl RICHl

~~~~~

Figure 1. "Pie" representation of 0 stereophonic
record portroying madulotion ossocioted with left
channel, right channel, and combined left and

right channels.

The STR 100 record has a frequency
s\veep band for each channel, and its
frequency varies logarithmically with
time, at a rate of t decade each 24
seconds. This corresponds to a chart
speed on the General Radio TYPE

1521-A Graphic Level Recorder of
thirty y.(-inches per minute. The sweep
band start.s with a 1000-cycle tone of
sufficient duration to permit the re­
corder pen to be set to the 40 cps ordi­
nate and the recording level to be ad­
justed to a convenient value. l;pon
cessation of the lOOO-cyclc tone the fre­
quency drops immediately to 40 cps and
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-Figure 3. Automotically plotted response of typical high-grade magnetic pickup. Upper
curve is direct response of one chonneli lower curve is crosstalk from other channel.

then rises continuously to 20,000 cps in
24 log (20,000/40) = 04,8 seconds, Next,
an interval is allowed for the opemtor to
reset the recorder chart back to the 40
cps ordinate. Then, the right-channel
1-kc tone is heard, being followed by the
right-channel sweep. If one channel of a
pickup under test is connected to the
recorder (through a suitable amplifier),
then the response-frequency and the
crosstalk-frequency characterist.ics for
the particular channel will be succes­
sively recorded. A typical set of curves
fol' a magnetic phonograph pickup is
shown in Figure 3. Two such sets, one
for each channel, are required to de­
scribe the performance of the pickup.

Previously available test records used
spot-frequency tones not adapted for
automatic recording, The STR 100
record also has such fixed-frequency
tones for the left and right channels, but
each tone is preceded by a voice an­
nouncement of frequency, so that there
is no doubt as to which tone is being
played, The results of the spot-frequency
tests are similar to those obtained with
the sweep-frequency bands, but the

process is far more laborious, and the
information between the spot-frequency
tones is not revealed. A system that ap­
peal's flat when measured with spot­
frequencies often has resonant peaks or
dips in between the spot frequencies.

The spot-frequency bands in the STR
100 record above 500 cps were cut "'ith
the same recorder setup as were the
sweep-tone bands. This permitted an
absolute calibration of the sweep-tone
bands by measurement of the spot­
frequency bands with microscope and by
diffraction-of-light patterns. l

Test Record Characteristics

As indicated above, the reproducing
characteristics of a pickup or system
under test are referred to the charac­
teristics of a particular test rccord.
These may be defined in terms of dis­
placement or velocity of groove modu­
lation.

For constant-displacement recording,
a displacement-responsive (piezo-elec-

158-1R.E-HI-SI, Standards on Recording and Reproducing:
,lIethods of Calibration of Mechanically Recorded l~ateral

Frequency Records. Institute of Radio Engineers, 1 East
79th Street, N.Y. 21, :-"'.Y.
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tric) pickup will produce a constant
output at all frequencies, while a veloc­
ity-responsive pickup (magnetic, mov­
ing coil) will produce an output directly
proportional to frequency. On the other
hand, a constant-velocity recording will
produce a constant output with a veloc­
ity-responsive pickup, and an output
inversely proportional to frequency with
a displacement-responsive pickup.

The STR 100 record has a eonstant­
displacement modulation up tn 500 cps
and constant-velocity modulation above
500 cps. This explains the response of a
magnetic pickup in Figure 3, which is a
rising straight-line in db vs log frequency
at 6 db per octave below 500 cps and
constant above 500 cps. The deviation
of response from two straight lines de­
notes the departure of the pickup from
ideal performance. The crosstalk curve,
,,-hieh is 20 tn 30 db below the principal
channel output, is typical of the channel
separation that may be expected in
present-day high-grade pickups.

Similar measurements can readily be
performed on displacement-responsive
pickups if the generated voltage is
differentiated by connection across the

pickup terminals of a resistance which is
small compared to the capacitive re­
actance of the pickup. Usually a 10,000­
ohm resistor will suffice. The responsc­
frequency characteristic of an ideal
piezo-electric pickup terminated in this
manner is similar to that of a magnetic
pickup.

Testing Pickup Preamplifiers

Modern 33Ys rpm records are recorded
with a frequency characteristic that is a
composite of several constant-displace­
ment and constant-velocity segments
as follows:

Up to 50 cps - constant velocity.
From 50 to 500 cps - constant dis­

placement.
From 500 to 2120 cps - constant

velocity.
Above 2120 cps - constant displace­

ment.
The transitions between these seg­

ments are not sharply defined, but in­
stead they are blended together, in a
manner defined by the RIAA.' The
velocity (db)-vs-frequency character-

!S/,(Imkird Recording (lml ReprOOloci'llq CJw,r~ten·lftk.

Record Industries A.'l8Ocilltion of America. Inc.. 1 I~t
57th Stroot. :"\,Y. 22. 1'\.Y .

Figure 4. R1AA reeording
choraderistic Clnd R-C

RIAA network.
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istic which is obtained IS shown in
Figure 4.

When the pickup is a true yelocity­
responsive device, it follows that the
pickup preamplifier should ha\'e an in­
verse RIAA characteristic. This char­
acteristic of the preamplifier is most
conveniently verified by the insertion
of an RIAA gencrator nctwork bet,veen
the oscillator and the amplifier under
test. One such network is shown in
Figure 4. If the measured response is
uniform with frequency, then the pre­
amplifier is properly designed for repro­
ducing records with a magnetic pickup.
A TYPE 1521-A Recorder and TYPE
130.J.-B Beat-Frequency Audio Genera­
tor can be advantageously used in this
test.

Over-all Measurements of Response
Characteristics

The STR 100 record and the TYPE
1521-A Recorder can also be used to
measure the over-all response-frequency
characteristics of a playback system
regardless of the type of pickup or ampli­
fier cmployed. The ideal response­
frequency characteristic of a properly
adjusted reproduction system playing
an STR 100 record will be simply the
difference between the response-fre-

Ideal System Response - RIAA Equalized

Frequency db Frequency db

1,000 0 800 +0.7
20,000 -19.5 600 +1.8
18,000 -18.8 500 +2.6
16,000 -17.7 400 +1.9
14,000 -16.6 300 +1.1
12,000 -15.3 200 +0.2
10,000 -13.7 150 -0.6
8,000 -11.9 100 -0.9
6,000 -9.6 80 -1.3
5,000 -8.2 60 -2.3
4,000 -6.6 50 -3.0
3,000 -4.8 40 -4.2
2,000 -2.6 30 -5.8
1,500 -1.5 25 -7.0
1,000 ° 20 -8.6

JANUARY.FEBRUARY, 196. ~

quency characteristic of the record and
the RIAA characteristic shown in Figure
4. Subtracting these two results in the
set of values in the accompanying
table.

Tone-Arm-Resonance Test

To test resonance of tone arms, loud­
speakers, etc., the STR 100 record pro­
vides sweep-tone bands, left and right,
from 200 to 10 cps. These are syn­
chronized also to the TYPE 1521-A
Recorder. The recorder must be set to
operate in reverse, as the sweep tone
begins at 200 cps and the frequency
decreases during the glide.

Automatic-Start Circuit

The 1000-c)'c1e tones at the beginning
of each glide serve not only for level
adjustment, but also for keying an auto­
matic-start circuit for the recorder. This
circuit, developed by Messrs. A.
Schwartz and A. Gust of CBS Labora­
tories, is shown in Figure 5.

The WOO-cycle keying tone preceding
the sweep initiates the cycle. All relays
are initially de-energized as shown in the
schematic diagram. Left and right chan­
nel inputs are combined in the cathode
of V1 insuring that the keying tone will
be present for either direct or crosstalk
measurements. The cathode follower
output is fed to the Vi high gain ampli­
fier through a high-Q LC WOO-cycle
filter allo\\'ing only 1000 cps to feed
through. Following this stage is a cath­
ode follo"er VS employed as a pO\\'er
amplifier to drive a sensitiye relay /(1
(Elgin Advance) after rectification by
the two 11\2482 diodes. A Zener diode
and clipping-range control prcvent high
signal levels from overheating the sensi­
tive relay.

With [{I energized, relay K2 is en­
ergized and locks itself across the power
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Figure 5. Automotic control circuit for Ihe recorder.

supply through contact 1. At the cessa­
tion of Lhe keying tone, /(J is dc­
energized - thereby actuating J<S,
which starts the recorder motor at the
instant the sweep begins. At the termi­
nation of the sweep band, the reset
switch is manually set at RESE'r momen­
tarily to de-energize ](2, and the circuit
is then ready for the next sweep.

Economics of Automation

Thc cconomic valuc of automation In

testing phonograph reproducers de­
servcs particular mention. 'I'he develop­
ment of a phonograph pickup or com­
plete player involves considerable ex­
perimental work in which the device
under test is modified by successive re­
arrangement or modificat ion of com­
ponents until the desired performance is
obtained. Each modification is followed

by response and separation tests. Spot­
frequency tests require the better part
of one hour. It has beC'1l N;t'in1ated that
one-third to om·-half thC' manpO\yer
used in pickup and phonograph de\'elop­
ment is expended in t his tedious en­
deavor. Delegating theS(' rnea..'"5urements
to an automatic dC\'ice which does not
mind tedium n.nd make~ no errol' re­
leases trained manpO\\"('1' for more crca­
tive tasks and san.'::; thousands of dollars
annually. In one in::;tancp. changing
from manual to automatic recording has
been shown to san' the cost of a rpcorder
in a single month, and the cost of the
new record in a single test.

Use by Audiophiles

While the STR 100 record has been
designed especially for thp pl'Ofessional
uscr, the requirements of the audiophiles
ha\'e also been kept in rnind. C01l1pletc

20



instructions arc included ,,-jth each
record for testing frequency range of the
reproducing system, channel separation,
pickup compliance and tracking, tone­
ann resonanee and stylus wear.

JANUARY·FEBRUARY, 1962 ~

The STR 100 reeord is priccd at .50
and can be obtaincd from CBS Labora­
tories, Stamford, Connecticut, or from
Columbia Records distributors and deal­
ers,

MORE TALENTS, NEW DRESS, FOR THE
OUTPUT POWER METER

In the nearly thirty years since its
first announcement, the General Radio
Type 583-A Output Power Meter has
scrved as a \York-horse of the audio­
frequency industry" During this time,
gignificallt ad,'ances in material and
techniques ha,'e made possible its re­
placement by a nc\\" instrument, based
on thc same general theory, but im­
pro,'ed in all respects,

Both instruments are basically multi­
tapped audio-frequency transformers
that, by transformat.ion ratio, reflect an
csspntially fixed secondary load as a
variable primary impedance, They differ,
ho,,-cver, III several respects, which
make pos.'5ible the new instrument's
greater frequency, impedance, and power

ranges and its improved accuracy on
complex waveforms,

The TYPE 583-A used a nlll-metal core
to secure high initial pcrmeability
(necessary for impedance accuracy at
low pO\\-cr input), but was limited to a
5-watt maximum input by the low
saturation Im'cl of lTIu-metal. The TYPE

1840-.-\. secures high initial permeability
through the usc of grain-oriented silicon
steel in a lamination specifically designed
to take advantage of grain-orientation,
and thereby increases its m:;J.,ximum in­
put to 20 watts \yith but little increase
in core size, since grain-oriented silicon­
steel is a true U po,,"er" material.

The Tn" 583-A had ten secondary
taps to yield ten impedance values

Figure 1. Panel view of the Output Power Meter.
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. lOr.;;
spaced, approxImately, at v 10 (tenth
root of 10) intervals and four-primary
taps to provide multiplication by powers
of 10 (0.1, I, 10, 100). This yielded forty
impedance values between 2.5 and
20,000 ohmR. The TYPE 184D-A has six
secondary taps to yield six impedance

values, spaced, approximately, at V4
(sixth root of 4) intervals. l\ote that the
two inlprvals arc comparable

W "'. V~ ~ 1.26.

The TYPE 1840-A, however, has eight
identical primaries, each. tapped to pro­
"ide a multiplier of 250 I, which prima­
ries are switched from all parallel to all
series in foul' configurations, each COI1­

figura.tion introducing a multiplier of
4 I. The Ri, secondary taps and four
primary connections are all controlled by
a single twenty-four position rotary
switch. yielding six times foul', 01' twcnty­
four, discrf'tc impedance values. The
taps on all eight primaries are switched,
simultaneously, by the ohms-kilohms
switch. The ohms range lies between 0.6
and 128 ohms. The kilohms range multi­
plies these valueR by 250, to yield 0.15 to
32 kilohmR. The net result of all these
shcnl1Jlnigans is more efficient use of the
transformer windings. '¥hile, in the

older instrument, up to forty percent of
the input power was dissipated in the
windings, in th" new rnodel it is reduced
to Ie than eight percent. This fivefold
decrease in winding dissipation so re­
duces the winding's contribution to in­
put impedance that all 'I"I'I'E 1840-A's
use the same accurate resistors in con­
trast to the hand-tailored resistors re­
quired for each TYI'E 583-A.

A further ad\'antage of primary
switching is apparent in the improycd
frequency response. Since all primaries
are always activc, and are interleaved
with the secondary windings in two pi's,
an octave improvement in both high and
low frequcncy response has beell
achieved.

The quasi-nns meter in the l\'PE
1840-A tolerates second and third har­
monics up to 20% in the signal without
departurc from a true rillS indication.
The new General Radio rack-bench­
instrument cabinet provides conven­
ience, access and an adjustable tilt for
easy reading.

AT-network attenuator, described in
the instruction book, permits extension
of the power level to 200 watts for any
particular impedance setting.

- GILBER'l' SMILEY

SPECIFICATIONS

Power Ronge: 0.1 milli\mtt to 20 watts.
Auxiliarv db sC:lle reads from -15 to +-1-3 db
re I miliiw:l.ll.
Power Accuracy: .\I:l.-.:imum error in full-scale
power indication docs not e-.:ceed 0.5 db from
50 to 10.000 cps; docs not exceed 1.5 db from
20 to 20,000 (·ps.
Impedonce Range: 0.6 ohm to 32 kilohms in two
ranges; yicldinl! 48 individual impedances
sp~l('ed ?'Tapart.
Impedance Accurocy: ;'\laximum error does nOl
exceed ± 5% from 100 to 10.000 cps or ± 50%
from 20 to 3O,(X)() cps.

Type

Waveform Error: A quasi-rms meter is used which
will indicate true rillS with as much as 20%
second lind third harmonics.

Cobinet: Rack-bench instrument cabinet,
:lluminum panel. Cabinel has extension legs to
permit instrument to be used in a tilled position.
Panel extensions nre nvailable for relay-rack
mounting.

Dimensions: Panel. width 12, height 37"2 inches
(305 by 89 mOl); deplh behind panel, 67"2 inches
(170 mm).

Net Weight: IOh pounds (-t.9 kg).

Cooe Word Price
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THE MEASUREMENT OF THE BALLISTICS OF

INDICATING INSTRUMENTS

The ballistic characteristics of moving­
coil electrical indicating instruments arc
important in many applications, for
example, in VU meters, sound-Im'el
meters, and modulation Inonitors. They
can be uniquely defined in terms of (I)
de resistancc, (2) time to first rise to a
specifipd point, when energized from a
high-impedance source, (3) overshoot,
and (4) time to fall from one point to
another with the instrument terminals
short-circuited.

Stroboscopic light offers a means of
determining (2), (3), and (4), "'hile (1)
is ea~ily measured by a conventional
bridge. One method of measurement
previously described' used a continuous­
film camera 111 conjunction with a
stroboscope,

Figure 1. Block diagram of the meter test system.

delays are supplied by two TYPE 1217-B
Cnit Pulse Generators.

The electrical indicating instrument
is energized simultaneously with the
triggering of one pulse generator. The
pulse generator fires the Strobotac at a
time lat.cr than the initial event deter­
mined by the setting of the pulse-dura­
tion dial. 'I'he pointer is seen by a single,
microsecond flaBh of light from the
stroboscope afte!' the pointeI' has moved
for the length of time that the strobo­
scope firing impulse was delayed. A
series of sllch observations at different
delay times will provide data for plots
snch as that in Figure 2. The detail, of
the initial acceleration, the rate of rise
and the overshoot "'ith its decaying
oscillation arc readily apparent. The
ballistic parameters of the instrument
mechanism call be derived by analysis
of clII'ves plotted by this method.

Production quality control is an im­
portarlt usc of this df>lay-gcnerator­
stroboscope technique, For our own in­
strument spccifications we ho.\'e defined
ri:-e time as "the time, in seconds, for the
pointer first to reach 0.9, ± a specified
tolcrance, of the end scale whC'11 constant

.
0

/' I'.. I
0

I
0

I0

0

0
I0

0

': /
0 " " " 00 " o. " 0.' .. ••SECONDS

Figure 2. Plot of meter deflection vs time from data
token with the test system of Figure 1.

.
"

A new technique of mf>(1surement,
permitting direct observatioll,z has been
made possible hy the short, high­
intensity flash of the General Radio
TYPE 1531-A Strobotac® Electronic
Stroboscope. Figure 1 is a block diagram
of the test setup. The necessary time
'''A Xote on the Measurement of :'\Iet.er Speedll." Gmn-ol
Rwlio Ez.pnim~nler, 10,6. Xovember, 1935.
til. G. Fulkll and If. C. Uttlejohn, .. A Direct Observation
of I nstrumclIl Ballistics," AI EE Paper Ko. CP62-370,
presented at the AlEE Winter General Meeting, N. Y..
~. Y., January 28 - February 2, 1962.
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electric power is suddenly applied from a
high impeda.nce sOlll'ce"; \ikc\\-ise, fall
time as Hthe time, in seconds, for the
pointer to reach 0.1, ± a specified toler­
ancc, of end scale from a steady end­
scale deflection when the instrument is
short circuited.":!

For production testing two delay
generators arc used, one energized ,,"hen
the electrical instrument is energized and
the other \,"hen the electrical instrument
is short circuited. One generator is set
to the specified rise time, the other to the
sl>ccificd fall time. An operator then

~Definilions tQ be Illooq>orated ill proposed rc,"ision or
.-\S.-\ C:l9.\ .1 muirllfj St(l1ll111ra R~quirementll jor Elutn"cal
J/m.uring 11l1lIrumt:nI8.

simply places the instrument to be
tested in a fixture, \,"hich makes the con­
nections and indicates the spread allO\\"ed
in rise-time deflection and fall-time de­
flection. By the flipping of a s\\·itch once
for rise time and again for fall time the
inspection is completed.

Our system of direct obscn-ation of
instrurncnt ballistics ,,·ill serve the re­
search engineer and the quality-control
man alikc.

- H. C. LrITLEJO""

CREDITS
This mcthod of lcst WIlS developed b:-.' H. G.

Fulks, A. E. SandcrMln, :lIld I L C. Littlejohn.
-EDITOR

QUANTITY DISCOUNTS FOR

COAXIAL CONNECTORS AND ADAPTORS

Prices of TYPE 874 Adaptors listed in
the table on page 10 of the October, 1901,
Experimenter arc subject to domestic
quantity discounts as listed below_

This scheelule also applies to quanti-

tics of 10 to 99 of the connectors listed in
the table on pagc 0 of the same issue.

Quantity Discount
10-19 5%
20-99 10%

100 and over 15%

The General Radio EXPERIMENTER is moiled without charge each month to engineers~

scientists, technicians, and others interested in electronic techniques in measurement.

When sending requests for subscriptions and address-change notices, please
supply the following information: nome, company address, type of business company
is engaged in, and title or position of individual.

General Radio Company
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A PRECISE, GENERAL-PURPOSE

IMPEDANCE BRIDGE

A few years ago, when we "wore
considering the redesign of the old,
sloping-panel TYPE 650 Impedance
Bridge,l we had to decide whether to
make a 1% b,.idge, like the 650, 0" a
bridge of higher accuracy for modern
precision components. Generally, a re­
designed instrument should do all that
its predecessor did, only better, by
taking advantage of improved com­
ponents and techniques. 'Vo knew that
our precision components could be lIsed
with confidence in an 0.1% hridge. A
1% bridge, however, has the advantage

lHobert F. "Field, "The Convenient l\IcasurClIlcnl of
C, R, and L," General Ilrid-io b'xperimenter, 7, 11 & 12.
April-May, 1933.

that the main component (C, 11 0" L)
can be presented on a single logarithmic
dial, thus providing a simple balance
adjustment for rapid measurements.
This was so important that we decided
to make two b,.idges. The TYPE 1650-A
Impedance Bridgc2 introduced three
years ago has a number of important
improvements, but it retained the single
CRL dial and 1% basic accuracy. It was
an immediate best seller. For those who
need greater accuracy, we now introduce
the precision impedance bridge, the
o 1% TYPE 1608-.11..

2Henry P. Hull, "A New Universal lmpedanee Bridge,"
General Radio Experimenter, 33, 3, March, U).'i!).

Figure 1. Panel view of the Type 1608-A Impedance Bridge.



~ GENERAL RADIO EXPERIMENTER

RATIO RA
ARM

Gp

(
CAP 0)
0-1.2

PARALLEL CONDUCTANCE
C
x

RN

VERNIER

Cp

(
HfGH 0)
.02-2

PARALLEL CAPACITANCE

C,

C$

(
LOW 0)o TO /

SERIES CAPACfTANC£

CX);NKNOO::W

'OO'R~
C,

Figure 20. Elementary schematics of the copocilCJnce and conductance bridges.

This new, self-contained bridge sys­
tem includes six bridge circuits for
complete phase coverage of the passive
half of the impedance plane, a I-kc
oscillator and selective detector and
three de power supplies for de resistance
and conductance measurements. The
main design objective for this instru­
ment, besides high accuracy, was to get
a simply adjusted and easily read
b::L1ancc and rcadout system. 'The unique
main balance system used is almost as
easy to balance as a simple 1% dial and
ccrtainly much easier to read.

THE BRIDGE CIRCUITS

The bridge circuits in the TYPE
1608-A, Figure 2, are the familial' series
and parallel inductance and capacitance
bridges used in the TYPhl 1650 and simi­
lar instruments. Also included arc ac
series-resistance and parallel-conduct­
ance bridges, both of \vhich have phase
(Q) adjustments not found in other
hridges of this type. These circuits make
possible a precise ac balance on an
inductive 01' capacitive' resistor and give
a measure of its reactance. whidl is
valuable for predicting the frequency
characteristic.

The inclusion of these two bridges is
important for more than just measure-

ments on resistors, since they fill out
Ule passive half of the complex plane,
as shown in Figure 3. They make
possible the measurement of a very
lossy inductor or capacitor without a
serious Hsliding null," since the com­
ponent can be measurcd as a resistor
and the inductance or capacitance calcu­
lated from the measured Q and R
(or 0). Some bridges have wide D or Q
ranges on the appropriate L 01' C bridge
to measure lossy components, but when
the Q is below Y2 (f) above 2), the
resulting tedious sliding null makes
them useless for practical measurement.
'The TYPE I.G50-A Impedance Bridge
uses the patented OH'l'HONULL@3 mech­
anism, which greatly extends the useful
range. This device requires a logarith­
mic CRL adjustment, which would be
impmctical with the lineal' digital read­
out of the new bridge. Although the
lise of the Rand G bridges docs
reqUire a calculation to get L or C

( L = fl
Q

, c ~ !l),
w wR

the high accuracy of the Q reading
(±2% ±O.0005) results in better
L or C accuracy at very low Q's than
docs even the ORTHONULL mechanism,

.H, P. Hall. "Orthonu\l - A :'>'1cchanical DC\'ice to
Improve Bridg:c Balance Convergence," General llatlio
Bxperimenter, ;)3, 4, April. 19.''>9,
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Figure 2b. Elementary schemolies of the resistance and inductance bridges.

Figure 3. Phase coverage of the Type 1608·A
Impedance Bridge.

The bridge ranges extend up to 1100
"f, 1100h, l.IMn and l.1iJ and down
to 0.05pf, 0.05"h, 0.05mn and 0.05no
(20k~1fl) which is the maximum res­
olution, corresponding to one-half of
the last digit. The Land C ranges are
more than adequate to cover any
practical audio-frequency component,
and the combination of an U and a G
bridge gives resistance coverage from

C,

Cs

0-110-1)
0'1.210'0·83)

0.05mn to 20kMn with the range from
W to D1n covered all both bridges.
These two bridges call be used for both
ac and de measurements.

CONTROLS

The Main Readout Ie, G, R, or l)

An important design objective was a
readout system that non-technical per­
sonnel could read without error. Even
the most experienced engineer occasion­
ally rnakes a mistake in interpolating
a scale or applying a multiplying factor,
and in an important project one oc­
casional mistake can be costly. For
repetitive production testing, the opera­
tor may be skilled at reading scales,
but few can keep this up all day without
a mistake. We felt, therefore, that our
customers would value a simple digital
display, very similar to an automobile
odometer, but with decimal point and
unit indicated, as shown in detail in
Figure 4. There are t\\"o obvious ways
to drive such an indicator, which, of
course, must accurately track the preci­
sion-rheostat balance adjustment. One
is to have a separate adjustment for
eaeh digit, as is done on a decade box.
This requires foul' knobs, with the
resulting annoyance of adjusting all
four to vary the setting between 9999

5
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6

Figure 4. The digittll
CRL readout includes
automatic decimal
point location and i1~

luminated indication
of the units of

measurement.

and 10000. The other method uses one
input drive, but, to get from one end to
the other, the operator would have to
grind through all 10,000 posit.ions,
which is tedious and time consuming.

'Ve compromised on two controls, a
coarse and a fine, each adjusting two
digits (t.he first actually goes to 114).
Each of these controls can be swept
through its range in less than one rev­
olution. Therefore, during a balaneing
procedure when the operator comes to
the end of the fine adjustment range,
the coarse control is moved one digit,
and less t.han 1 revolution of the fine
control will reset it to zero.

To facilit.at.e furt.her t.his problem of
transition between the two adjustments,
t.he vernier scale ext.ends beyond 99 t.o
106. This overlap of the adjustments is
particularly useful for precision com­
ponents, which are usually in integral
values, so that the final adjustment is
varied about a reading such as 9999 and
10000. However, t.he second dial (from
the right.) could not bc labeled 10 since
this would give the sequence 9999,
99100, which would be misleading.
Also, a little t.hought. will show that. a
geneva-type transfer to "carry the I"
would cause confusion since the operator
would not know where he was on the
fine adjustment. Therefore, we have
adapted the convention of using X to
represent 10 in one digit. The sequence
now becomes 9999, 99XO, 99Xl, etc.,
which seems unusual at first, but is
easy to master.

The "Centode"

The coarse control of the main read­
out varies from 0 to .11.4, and each digit
must represent a precise detented step
of resistance in the bridge circuit. \Ve
have referred to this adjustment as a
"centade" since it is similar to a decade
resistance box, but has approximately
100 fixed steps controlled by one knob.
The obvious (and expensive) way to do
this is to put 114 precision resistors in
series on a detented switch, which
should be a shorting t.ype to avoid
discontinuities. T'he cheap way is to use
seven resistors in a binary sequence and
code a multiple contact switch to give
a decimal scale. This method results in
large adjustment discontinuities, which
would give large momentary bridge un­
balances at those steps where some re­
sistors switched out and others switched
in. The worst. st.ep is between 63 and 64
where the series combination of 1 +
2 + 4 + 8 + 16 + 32 is switched out
and 04 is switched in. This coded binary
scheme would have a momentary value
of either 0 or 127 between 63 and 64
unless these two switching functions
were performed exactly at the same
moment, which is impossible.

The scheme used in the centade has
all the advantages of the continuous
series arrangement but uses 40 resistors
instead of 114. The switching sequenee
is shown diagrammatically in Figure 5.
Here each resistor in the series chain has
a value of three times that of a single
step, Il, in the adjustment. l'he inter­
mediate values are obtained by shunting
each series resistor with one or both of
the two resistors mounted on the rotor.
As shown, at step 1 the resistance value
is 3R plus the parallel combination of
3R, 6R and 2R, whieh comes out to be
a total of 4R In step 2 t.he 2R resistOl'



is removed, giving a total of 5R, and in
step 3 both shunting resistors are re­
moved, giying 6R. ~ote that when the
shunting rotor rcsistors arc moved into
position for shunting the next serics
resistor they are not in circuit, and so
there is no coincidcncc problem. T'his
method could actually bc extended to
reduce furthcr the numbcr of resistors,
but the number sayed for each additional
rotor contact becomes smaller, and the
design becomes more complex.

'Ihe switch stator is on an etched
hoard with a rhodium-plated contact
pattern similar to that shown diagram­
matically in Figure 5, and the precision
rcsistors arc mounted dircctly on this
board along with the phase-compensat­
ing components (see below). The rotor
is a small etched board mounting the
t,,-o shunting resistors. The contacts are
precious metal and the rotor takeoff is
a slip ring.

The fine, or vernier, control is a
wire-wound rheostat connected in series
with the centade and compensated j·o
obtain the desired linearity and phase
characteristics.

The 0 and Q Adjustments and Readouts

The D and Q adjustments for the L
and C bridges are two ganged .,l0-db
exponential rheostats. 'l'he whole range
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of D or Q adjustment for each bridge is
on a single scale, so that no multiplier
is necessal'Y. The appropriate scale is
illuminated, as is the letter D or Q
above the dial, so that there is no
question of what function is being read.

Separate D scales are used for the
series- and parallel-capacitance bridges,
and separate Q scales for the series- and
parallel-inductance bridges. The rangcs
have wide overlap, so that inductors
with Q yalues from 1 to 50 (or capaci­
tors ,,·ith D's from 0.02 to 1) can be
mcasured as ei ther a scries or parallcl
configuration. At Q valucs above 50 (D
below 0.02), the diffcrcnce between the
series or parallel value is 0.04%, at most.

The Q balance for resistance or
conductancc rneasul'cmenls consists of
two decade's of capacitance and a
variable capacitor) with dials arranged
to give in-line readout. An indicating
light indicates ,,·hether the Q balance is
inductive (for R measurements) or
capacitive (for G measurements). This
readout also uses the X indication to
facilitate balances that occur in the
awkward region beyond 9 on a decade
adjustment.

ACCURACY

The basic bridge aecul"lley of 0.1%
at 1 ke is primarily a function of the

6.
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calibration and the stability of the
standard components used. All the fixed
resistors, including those of the centade
adjustment, are precision wire-wound
units, similar to those used in General
Radio decade resistors. The standard
capacitor is similar to our precision
silver-mica standards, but is shunted by
a small, stabilized, polystyrene capacitor
to reduce the over-all temperature
coefficient. The total capacitance is 0.15
,uf, so that in 3-terminal capacitance
measurements substantial stray capaci­
tance can be placed across it without
causing appreciable error.

On the lowest impedance range of
each bridge we have added an additional
0.1% to the accuracy specifications,
because this range uses a one-ohm
ratio-arm resistor, which is slightly less
stable and more affected by possible
variations in s\vitch-contact resistance
than are those of higher value. The
range switches have solid-silver double
contacts to keep these variations small.

The aceuraey specification also in­
cludes a ±0.005%-of-full-scale term,
which is ±~ division on the last digit
of the indicator. This limitation is
imposed by the ability to read the
counter, the linearity of the fine adjust­
ment, and backlash in the counter drive.
This term reduces the bridge accuracy
by a negligible amount at full scale but
at 1/10 of full scale increases the possible
errol' to ±0.15% (except on the lowest
impedance ranges when it becomes
±0.25%).

The other error terms given in the
specifications are important only for
very high-D 01' low-Q measurements or
have effect only at higher frequencies.
It should be noted that the basic
accuracy even at 10 ke is 0.2% for
Land C measurements and 0.3%

for resistance and conductance.
The residual impedances are the

im pedances associated wi th the u n­
known terminals themselves. An internal
four-terminal connection is made to
these terminals, so that the resistance
is that of the binding post and the in­
ductance is that of the loop completed
by the shortest connection between the
terminals. The 0.25-pf capacitance of
the terminals can be removed by in­
stallation of a grounded shield between
them.

Substantial effort was put into the
design of this instrument to get the
fixed phase error term down to ±0.0005
radian (the D of C and L and the Q of
R and G) whieh we felt was necessary
for a precise bridge. For example, a
0.1% capacitor to be used in a precision
twin-T null circuit requires a dissipa­
tion-factor measurement to 0.001, since
this D eITor could cause just as much
unbalance in the null circuit as a 0.1%
capacitance error. The fixed error term,
±0.0005, is the more important, since
it is larger than the 5% term for D
values up to 0.01.

With the resistance bridge, this phase
precision enables one to check the Q of
many bobbin-type, wire-wound resistors,
which have appreciable reactance even
at audio frequencies.

If the bridge phase shifts were not so
closely controlled, a more subtle diffi­
culty would occur. A D eITOI' could
exist that would put the final balance off
the end of the adjustment range for a
very low-D component. If this D eITor
were, for example, as great as 0.01, the
capacitance balance \l,iQuld be limited to
about n%, since the null-meter de­
flection is proportional to the square
root of the sum of the squares of both
adjustment unbalances.



POWER SOURCES AND DETECTORS

An internal, two-transistor Re oscil­
lator drives the bridge through a bridge
transformer when the instrument is set
for l-kc measurements. It has an adjust­
able- output and applies a maximum of
about 1 volt behind 50 ohms. The
detector uses six stages to get very high
gain and 25-db second-harmonic re­
jection. T'his circuit has compression to
gin~ added range to the null-meter
deflection to reduce the necessity of
detector gain adjustments. On the
extrcme ranges, where more gain is
required, an C'xtra 20 db of gain is auto­
matically added by the range switch.

The selecti\"c circuits used in the
oscillator and detector arc mounted on
a module that slides in from the I'car
of the instrument and also provides a
panel indication of the internal fre­
quency. r\ i-kc module is usually
supplied, but other frequencies arc
anlilable upon requcst. \Vhr-n modules
for other frequencics arc used, the
pl'Oprr frequency-dependent multiplica­
tion factor:3 for the J) and Q readings
arc also indicated on the panel. The
instrument can also be used ,,"ith an
extcl'I1al oscillator, which is applied
through the intel'l1al bridge transformcr.
The internal detector has a flat fre­
quency response for this mode of
operation, and an external selective
deteelor, such as the Typ" 1232-A
Tuned Amplifier and ~ull Urteator, is
useful for rneasurement at low levels 01'

on nonlinear componcnts.
Three internal de supplies arc included

to gi"e good de sensitivity. T'hese sup­
plies of 350 \'olts, 35 volts, and 3.5 volts
are current limited to ayoid damage to
the bridge or unknown and arc adequate
to apply the standard ErA test voltages
for various types of resistors over most
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of the range. 'The range swi tch au to­
mati cally chooses the optimum supply
for each range. Moreover, the switching
changes the rnanner in which the source
is connected to the bridge to get maxi­
mum sensitivity and to prevent excess
meter damping fol' low-resistance
measurements.

The de detector is a sensitive, shaped
null indicator. To a"oid the necessity
of zero adjustment, no de amplifier is
used. With this system, 0.1% balance
may be rnade from l ohm to 1 megohm
if care is taken in reading the null
detector. Provision is madc for the usc
of cxternal de sources and high-gain dc
null detectors.

SOME ADVANTAGES OF

AC RESISTANCE MEASUREMENTS

The addition of a Q balance for the
Rand G bridges makes possible the
precise measurement of resistors at I kc
instead of at de. This not only O\-ercomes
the sensitivity limitation of the dc
bridges at the range extremes (sec
above), but also makes available some
general advantages that ac bridges have
over de bridges. If the re~istors arc
going to be used at ac, then an ac
measurement is more logical. Further,
the Q indication is useful in many cases.
Ac measul'rrnents can be rnade at a
much lower level t,han de measurements,
since ac detectors arc generally more
sensitive than de detectors. because th('y
have no de drift. This means that, in
many cases, the ac measul'ement is a
bettcr measure of the low-Icvel de value
of resistors that are voltage or power
sensitive.

The last statement is truc only if
there arc no appreciablc frequency
effects that would make the zero-level
ac and de values different. There are

9
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many possible frequency effecls to be
considered, but the only irnpol'tant ones
are distributed capacitance effects which
cause difficulties only in the high
megohm range at 1 kc. The trick that
this bridge uses is that it requires that
series resistance be measured ,,-hen the
unknown resistor is inducljw' and that
parallel conductance be measlired when
the resistor is capaciti\·e. Series induct­
ance docs not affect the value of series
resistance, and parallel capacitance docs
not affect Ihe value of parallel conduct­
ance (01' parallel resistance). Of course,
a resistor will ha,"c both series induct­
ance and parallel capacit.ance, but the
resonant frequency of a resistor \yould
have to be 45 kc 01' lower to get an ClTor

of 0.1% at 1 kc. Few self-respecting
resistors behave like that. (This docs
not mean to imply that the ac and de
resistances of a transformer or motor
winding are anywhere ncar equal. Here)
iron losses arc the main calise of
difference.)

APPLICATIONS

R, L, C Components

Bridges of this type arc designed
prirnarily to measure resistors, capaci­
tors and inductors, and this one will
measure components whose specified
tolerances are \I'ell below 1%. It is
often desirable to measure 1%, 01'

poorer, components to much higher ac­
curacy, for example, in acceptance tests
on border-line cases, in quality-control
work where a distribution \yithin the
tolerance range is desired, or in develop­
ment ,york when cumulati,'c tolerance
effects arc being studied. Although
specialized precision bridges arc recom­
mended for measurement of reference
impedance standards, this bridge is
adequate 10 check most secondary
standards used in production testing.

X ote that it \\ iII c01npare two com­
ponents of decade yalue to 0.01%) since
they call be balallced to 1he full-scale
resolution.

Networks

'The wide range and complete pha:-:e­
angle co,'erage of this bridge make it
useful for measuring the impedance of
"black boxes." The bridge will balance
for almost all passive impedances at 1 kc,
the exceptions being the inductors above
1I00h (which would probably be capaci­
li"e al I kc) and capacities above 1l00~f

(\I'hich should usually be measured at
low frequencies). I'hus) such things as
potted networks) transducer impedances)
and amplifier input and output imped­
ances can be measured, and their audio­
frequency characteristics plotted if an
external oscillator is used,

In·Situ Capacitance Measurements

"'e've found that the ability to meas­
ure small capacitances has been useful
for measuring the capacitance bet\\·een
components, wires or mounting struc­
tures. 'The advanLage of three-terminal
capacitance measurements is useful here,
since it is possible to measure such.
quantitirs as the capacitance between
any two conductors on an etched-board
pattern with the olhers grounded. This
abiliLy to make measurements in the
presence of large capacitance to ground
permits the use of long shielded cables to
connect remote or othel'\yise inaccessible
compollents and to reduce the shunting
cITed of lead capacitance in the measure­
ment of small capacitors.

Testing

The Typ£: 1650-Pl Test Jig connects
conveniently to the bridge (sec cover
photograph), thus placing quick-connect,
spring terminals on the bench directly



in front of the operator. If the gain of the
instrument is adjusted to give a conven­
iently l'ead deflection for a given bridge
unbalance, this combination provides
a versatile and accurate setup for the
rapid tolerance testing of componeuts.

-]-II;;1'\I{¥ P. HALL
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SPECIFICATIONS

RANGES

Capacitance: 0.05 pf to 1100 .uf in seven ranges,
series or parallel.

Inductance: 0.05 .uh to 1100 h in seven ranges,
series or parallel.

Resistance: 0.05 mfl to 1.1 i\fn ac or de.

Conductance: 0.05 no to 1.1 0 ac or dc
(20 kMO to 0.90).
D of Series c: 0.0005 to 1.

D of Parallel c: 0.02 to 2.

Q of Series L: 0.5 to 50.

Q of-Parallel L: 1 to 2000.

Q of Series R: 0.0005 to 1.2 inductive.

Q of Parallel G: 0.0005 to 1.2 capacitive.

ACCURACY

C, G, R, L

At 1 kc: ±0.1 % ±0.005% of full scale except
on lowest Rand L ranges and highest C and G
ranges where it is ±0.2% ±0.005% of full scale.

Additional % error terms for high frequency
and large phase angle:

C and L

[ ( ! )' !, ']±0.001 ffi ±O.lD 1 kc ±O.oD %
of measured quantity.

Rand G

[±0.002(/kc)'±0.OOOOOJC{c)'±O.lQ] %
of measured quantity.

Residual Terminal Impedance: R ~ 1 mfl, L ~
0.15 ph, C "" 0.25 pf.

Dc Resistance and Conductance: Same as for
l-kc measurements, except that aceuracy is
limit.ed by sensitivity at, the range extremes.
Balances to 0.1 o/n arc possiblc f!'Om In to D1fl
wil,h the intemal supply and detector.

D ( or ~) of Cod:

±0.OOO5 ±5% at 1 kc or IOI\·er.

±0.0005 1Ike ±5% above 1 kc.

Q of R or G: ±0.0005 1{c ±2%.

GENERATOR AND DETECTOR

Internal Oscillator: 1 kc ±1 % normally supplied.
Plug-in modules for other frequencies available
on request. Level control provided.

Internal Ac Detector: Can bc used either Aat or
selective at frequency ·of plug-in module'
(normally I kc). Second-harmonic rcjeetion
approximately 25 db; sensitivity control pro­
vided.
Internal Dc Supplies: 3.5 v, 35 v, 350 v; adjust­
able, and powcr limited to less than .!i wat.t.

Internal Dc Detector: .\lull indicator, 1. ~a/mm.

External Oscillator and Detector: TYPE 1210-C
Unit RC Oscillat.or and TYI'E 1232-A Tuned
Amplifier and Null Detector are recommended.

Dc Bias: Provision is made for biasing capacitors
to 600 v with cxternal supplies, and for biasing
current in inductors.

GENERAL

Accessories Supplied: TYPE CAP-22 3-Wire
Power Cordi spare fuses and indicator lamps.

Accessories Available: TYJ'B 1650-P1 Test ,Jig;
extcmal generator Hnd detedor, if used, as
listed above.
Power Input: 105 to 125 (or 210 to 250) volts,
50-60 cps, 10 watts.
Mounting: Either relay-rack or bench, as listed
below.
Dimensions: Rack model, panel, 19 by 12}i
inches (485 by 315 mm); ben('h model, width 19,
height 12j/z, depth llj/z inehps (485 by 320
by 295 mm), over-all.

Net Weight: 36% pounds (17 kg).

]'ype Code Word Price

1608-AM
1608-AR

Impedance Bridge (Bench Mount).
Impedance Bridge (Rock Mount).

ARGON

A"IVll,

$1175.00
1175.00

11
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RELAY-RACK MOUNTING FOR THE OUTPUT POWER METER

the addition of panel extensions. Order
TYPE 480-P212 Panel Extensions as
listed below.

$6.00

Pr£reCode lVord

EXI'AXELBAT40% (l1Sg)I
Net

lVei(Jht

The TYPE 1840-A Output Power
iVIetcl', described in the January-Febru­
ary issue of the Experimenter, can be
adapted for relay-rack mounting by

Type I

NEW LINK UNIT FOR THE GRAPHIC LEVEL RECORDER

The Type 1521-A Graphic Level Recorder with the new
Type 1521.P14 link Unit is shown driving (below)lhe
Type 1304·B Beat.Frequency Audio Generator ond
(right) the Type 1554·A Sound ond Vibration Analy:z:er.

A new Link "Cnit, TYPJ~ 1521-Pl-t, is
now an1ilable to couple the TypE 1521-..\
Graphic Le\·el Recorder to the TYPE
1304-B Beat-Frequency Audio Genera­
tor or to the TypE 1554-'\ Sound and
Vibration Analyzer fol' the automatic
recording of frequency response chal'-

aetC'ristics. 'Vith this link unit, thc audio
gcnerator can be mounted either abO\'c
or below the recordcr. 'The analyzer is
operatcd abo\'e the recorder,

Thc TYPI;:' 1521-Pll Link unit, with
which thc generator could be mounted
only abovc thc recorder, is discontinued.

Type I
-'-'2-"'-'-.P-'-'- -'-u-.c-kC-Uc-.-

i1
-..-----------

Code 'Vord

PANIC

Price

$18.00

General Radio Company
12
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A FIVE-DIGIT SOLID-STATE COUNTER FOR

FREQUENCY MEASUREMENTS TO 220 kc

The TYPE 1150-A Digital Frequency
~ [etc!" is the first of a line of inexpensive,
basic counters for laboratory and in­
dustrial applications. Like the Type
1130-A Digital Time and Frequency
IVIctcl' allnounced a year ago, it is accu­
rate, reliable and easy to operate. Unlike
the TYPf~ 1130-A, which has mernory
circuits and a neon-tube columnar read­
out, the TYPE 1150-A uses transistors
instead of tubes and an in-line readout.
,,-ith alternate count.ing and display
periods.

The counting circuits used are simple,
but unconventional by Loday's practice.
Instead of a scale-of-ten dcri\'cd from a
scalc-of-sixteen circuit through appro­
priate feedback, the TYPE 1150-A is
based upon the earlier ring-of-ten count­
ing system. I Although t.he ring circuits

'See, for instance, V. H. Regcncr. lIevicw of Scientific
Ills/rumellt", 17, p. 180, 1940, .
~n.. w. Frank and H. T. ::\lcAlcer, "A Frequency Counter
wilh a :\lel1lory and wit.h Bui1\.o-in Helill.bility," Gelleral
Radio EJ:lJerimenltr, 35, 5, 1\lay, 1961.
IA similar approach, for instance, but. using comple­
mentary techniques, is described by n. A. Stasior, G. E.
T«hnical Tnformation Serie" RGt-EGP16, 1\lay 16, 1961.

rcquire tcn bistable clcments, instead of
fOUl} \\"c have found3 that rnodcrn semi­
conductors can bc used in a simple and
economical desigll. Kot only is the 0\'01'­

all number of circuit components for a
cornplctc decade, including indicators,
actually less than thai required for the
coded scale-of-sixteen circuit, but per­
fonnance at high counting ratcs is better,
and the circuits can be designcd to havc
trcmendous latitude in accommodating
variations in transi::)tor characteristics.

Transistors typically operate at rela­
ti\'ely low voltages and high currents
and are therefore belter suited to light­
ing incandescent lamps than to oper­
ating gas-discharge-type indicators. The
ring-of-ten circuit is, as a result, directly
adaptable to the ten-lamp, end-fire­
illuminated NUMEHlK indicator (also
dcscribed in this issue) without intcr­
connecting circuitry. Since the count
proceeds around the ring, one flip-flop
at a time, in identical reset-set oper­
ations, thcre is no time lost in feedback

Figure 1. The Type 1150-A Digital Frequency Meter. Encased in General Radio's multi-purpose cabinet,4
the instrument is readily mounted in a rack or adapted to table-top use with end frames. The panel is
3Y2 inches high. The controls and flttings are simple and dearly marked. Frequencies between 10 cps
and 220 kc can be counted aver preselected time intervals from 0,1 to 10 seconds. Display times can

be continuously adjusted from 0.5 to 5 seconds and 00.

IH. C. I.ittlejohn. "The Case or the Well-Designed Instrument." General Radio EX1Jerimenltr. 31, 3, :\Illrch 1900.

3
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mechanisms, and the cfTeets of delays in
the transistors are therefore minimized.
There is, furthermore, no need to inter­
lock de 1m"cis between \'ariolls parts of
the circuit to maintain adequate margins
for reliability_ The ring circuits used in
this counter arc, in fact, so noncritical
Ihat they will work with int(.>rmixcd
Imn:-:islors, ranging in characteristics
fl'orn. the lowest-cost alloy-junction tnm­
si:stors to ;\IAO'I' typc~!

'1'11(' fact that incandescent lamps can
be lit directly by the collector CUlTellts
of the counting transistors themseh-cs
)rad:s to the utmo~t simplicity and
ecollomy. At the :::ame time, this n~r.v

simplicity puts a prrrnium on di:splaying
the count according to the rOIl\"entional
coullt-display time' ryrle', rather than
th(' rontinuous rpgime made pos:-:ible hy
thr use of auxiliary n1('mol'j' circuits. For
ultimate ease of reading and C'fficicncy of
counting, the memory H~r:-:t('m piOIlE'rI"N!
by tl1C' TYPE I 130-.\ Digital Time and
FI'C'qllenc:;.,r \fetel' l'emaillH pre-emiIIPnt.
T'hc HC'ed fol' m('I1'IOI'Y ill thi~ less ex­
prll~ivr in:-:.t-rument is Irss, however, be­
rall~r thl' (-)~Te is lC'ss fatigued b~r the
hlurring that oceur:-:; during the counting
intrn'al in in-line prC'~C'lltutioll thun hy
t hC' running-up-and-dO\\'I1 appC'Ul'aJlCC of
columnar displays..

Fi\'c-digit presentation ncces:-:urily
tnrulI!"=-. for a full l'C'gistrr, a prC'cisioll of
± 1 purt in 1(p, dC'tC'rmillC'd by thC' ± 1
COUllt uncf'l'tainty in til(' last place. The
TYPE 1150-~\. Digital FrrquC'ncy ~[eh"r,

likf' other GR countrrR, is dC'signf'd to
yiC'ld an accurary figurr that. takes full
advantage of its illl1C'I'f'llt precision.
En'll in this simple, inexpensive instru­
ment, this demands the inclusion of an
oscillator with a stabiliLy over several
minutes of at least Yz-pal't pel' million.
This accuracy is necessary because the

counter can count it signal of 220-kc
frequency fol' up to 10 Sl'conds. A tem­
perature-controlled quartz cryst.al, oper­
ating at 100 kc, if-; therefore used as the
fundamental reference for the yurious
timing signals required to produce the
accul'ately knO\nl time interyals during
which the counts accumulate.

MECHANICAL DESIGN

1'1)(' mechanjcal design and compom>lIt
h~yout are simple and efficient, with
all circuits easily t),('crssible for mainte­
nallce and open for cooling (Figure 2).
Hillg counting units, input circuits and
time-hasC' diddel's are 011 1'('moyahlc,
\-ertical plug-in cal'd~, 'The:o'e ('ards are
arn\llged at right angles to the front
panr! and directly brhilld a large air
filler..\ small fan expel, air from the
box and draws cool ail' ill 0\"('1' tllP n)l't i­
cal circuit cards. "'ith this cooling
sY!'item a ma.ximum lC'1l1prratlire rise at
the hottest spot 011 allY of the circuit
boards is le~s than 10°C, thereby in­
sLlring l'eliable operat ion at high ambient
tempr-mlul'es.

T'hC' XU?IERIK jlldieatol'~ (see page 10)
have a large and effiejpllt Iwaf. sink for
th('ir incandf'scrnt lamps, \"hi('h pro­
longs lamp life. In til(' eyent of failure,
how('\'('I', any indi\'idual lamp can be
casily replaced. The group of fiyc
XU:\H"::RIK indicators are tl,ccf':":,,ible from
the front panel of thf' instrument. .\.
quarler turn of two mounting lhumb­
scrr\\"s permits thr f'lllire hlock of indi­
calOl's to be pullC'd fonn:trd and with­
drawn se\'eral inches. Eight replacement
330-type lamps arc slored in pockets
behind the bezel. In order 10 replace a
burned-out lamp, 011(' simply rCITIm'os
two 8CI'0\\"8 holding the backing plato of
the indicator and replaces the larnp in
the numbered socket. The entire re-



placement can be accomplished in about
one minute after a dcfccti\"c lamp has
boen isolated.

When a lamp fails, the entire decade
becomes inoperative; no light sho\\"s.
This fail-safe feature eliminates any
possibility of incol'l'f'ct reading.

A Polaroid filter is used in front of the
bank of five indicators t'o elimina.tp
specular reflection.

GENERAL CIRCUIT DESCRIPTION

The TYPE 1150-A Digital Frequency
:\1etel' counts the number of cycles of
the input signal in a time intf'ITal es­
tablished by the stablo lOO-kc cr~·stal

oscillator. ThE' block diagram. Figure 3,
shows the functional clements of the
system.

The signal from the lOO-ko crystal
oscillator (or from an extC'rnal IOO-kc
frequency-standard) is converted to a
pulse train to drive a sC'l'ies of precision
frequency dividers utilizing unijunction
transistors. The output of this divider
chain consists of pulses with periods of
0.1, 1, and 10 seconds. These pulses
establish the precision gate interval.

APRIL. 1962 ~

Figure 2. Interior view, show­
ing NUMERIK Indicator as­
sembly detoched. The eight
spare indicator lamps can be
seen behind the panel to the
left of the NUMERIK assembly.

In order to understand the program,
lei us assume that the time-base gate
control flip-flop is in lhe "1" state and
Ihal t I1p time-bast' gUlP i:-: t Iwrefore open.
The main-gate control flip-flop is in the
"0" state, and the main gate is closed.
Tlw next pulse fron') the time-base di­
videI' eircuits passps through the time­
hasp gate, complement:,; the main-gatr
(,olltrol flip-flop to the Ill" statp and
oppns the main gate. \Vhen the main
gate is open, pulses of the input-signal
f!,pqucncy arc admitted to the five ring
counting units and totalcd. The next
pulse from the timc-baS{' divider passing
through the timf'-ba~r gate resets the
main-gatf> ('ontl"Ol flip-flop and closes the
main gate. Thr main gatt:" is therefore
open for exactly one pcriod of the timc­
bu'"iP ~ignal.

The XU:\IEmIK indicators no\\' begin to
display the resultant oount.. This display
int,erval is dctcrminpd by the display­
tirne monostablr Cil'CIlit, Ulld is adjustable
from 0.5 to 5 spconds. \Vlwl1 the rnain­
gatf' control flip-flop ctosps the main
gate, it also spts thr timp-hasp gatf'
control flip-flop to thf' IIO" state, closing

5
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Figure 3. Block diogrom of the Counter.
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the time-base gate so that no morc timc­
base pulses can pass to the main-gate
control flip-flop until the display-time
monostable circuit issues its output
pulse operating the reset circuit. The
reset circuit sets the ring counting
circuits to zero, and t,he end of the zero­
setting pulse \Yill set the time-base gate
control Hip-flop to "1." The process
then repeats.

An infinite display time can be ob­
tained if the output of the display-time
monostablc circuit is oponed so that no
reset pulse is produced. A switch at one
end of the time-interval adjustment
range performs this operation and makes
possible indefinite display of the results
of a single measurement initiated when
the manual reset button is pressed.

Provision is also made for manual
rontl'ol of the counting time. \Vhen
the counting-time switch (Figure 3) is
set to a fourth position, the main-gate
Hip-flop can be controlled f!'Om a push­
hutton. The main gate is opened when
this button is released and closed ,,·hen
the button is depressed. With manual
gating, one can use the counter as a
simple totalizing instrument. In the
manual position, when the main-gate
control flip-flop is set to ~IO" a normal
display and clearing cycle is initiated.
A normal display time of 0.5 to 5 secondR
can be obtained or the total reading

can be retained indefinitely if the dis­
play-time s\\"itch is set to infinity.

External circuitry can be used to
control the gate interval through an
auxiliary plug on the rear skirt of the
instrument. In addition, this auxiliary
plug also provides: (1) the carry pulse
from the last of the five decades; (2)
means for applying an externally gener­
ated reset pulse; (3) a positive pulse
corresponding in time to the reset pulSCj
(4) +20 volts dc; and (5) ground.

RING COUNTING UNITS

The heart of this counter is the ring
counting unit. A ring counting system
can be considered to be a stepping
switch with ten contact positions, as
shown in Figure 4. A lamp is connected

n
6~

~2 l 7~

~'oi )"1
.:iJL-.,~
PULSES TO NEXT DECADE

Figure 4. Elementary ring counter.

6
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(IG..T IDENTICAL UNITS
_1_8_

Figure S. Simplified sche­
matic of one of the ring
counting units used in the
Type 11S0_A Digital Fre-

quency Meter.

OUTPUT

".

,L--+-L----+-L---+---'---,

-'0

to each contact, and the switch rotor is
connected to a source of voltage. Each
time a pulse is received, the rotor moves
fmm onc contact to the next, and the
particular lamp that is lightcd indicates
the number of pulses that have been
received. By generating an output
pulse each time the rotor moves fmm
"9" to "0," the ring counter functions
as a simple decade divider and drives
the succeeding unit at one-tenth the
rate.

Five ring counting units (Reu's) are
used in the TVPE 1150-A Digital Fre­
quency IVleter. Twenty-one transistors
al:e required for each decade, two for
each of the ton digits, and one more to
"move the mtor." Figure 5 is a simpli­
fied schematic of one of these five ring
counting units. All five are identical in
struetllre. The first unit differs from the
other four only in the choice of com­
ponent value~ for best high-frequency
operation. Each unit consists of a ring
of ten bistable circuits, each of ",hich
has onc Hhigh-current" transistor that
drivcs its associated incandescent lamp
in the KUMERlK indicator for that decade.

Referring to Figure 5, let us assumc
that the decade has been set to its
zero state. Q-lOl \\'ill be OFF and Q-102
0". Q-I02 has its base for",ard-driye

current pro\'ided through R-103 and is
in saturation, passing 80 milliampercs
to light the "a" lamp in the indicator.
This 80 milliamperes produces a voltage
of -5.5 yolts across R-lOl. The base of
Q-lOl is returned via R-102, to the set
zero buss voltage of about -5.0 volts.
The base of Q-lOl is, therefore, reyerse
biased with respect to the emitter, and
Q-IOI remains on. The circuit is stable
in this state.

All other pairs in the ring have the
opposite stable state. Left-hand tran­
sistors, Q-103, etc., are all saturated,
and thc right-hand transistors, Q-104,
etc., arc OFF. These are also stable
states. Look at Q-103, for example.
\Vhen it is ON, nearly 1 milliampere of
base forward drive flows through R-105,
which is connected to the clear buss
(at the same potential as the set zero
bnss). The drop across the 68-ohm
1'C':-:.istor R-lO':! in the common emitter
circuit. is but 0.07 volt, and practiC'ally
the full 20-volt collector supply \'oltage
appears across R-106. The very small
emitter-to-collector drop of Q-103 is
normally below the conduction-knee
\'oltage of Q-104 and keeps it OFF.

Complcte cutoff of Q-104, even at ele­
vated temperatures and for all possible
transistor combinations, is insured by

7
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the silicon diode (CR-I03 in series with
the emitter of Q-104).

Th(~ input signal advances the state of
the decade by Olle stage per pulse. A
negative pulse is first applied to the base
of the advance driver Q-121, turning it
OI'F. The lamp driver, Q-102, loses base
forward drive and goes OFF. The com­
mon-emitter voltage changes from - 5.5
to zero, and Q-IOI goes ON. The positive
pulse produced at the common emitter
i, fed through C-I01, turning Q-103 OFF

and Q-IO'+, the Ill" lamp drivel', O~.

Each succeeding pulse applied to Q-121
advances the count by one digit. At the
('ount of ten the circuit is switched to
the initial conditions, and the negative
pulse, as the "9" lamp extinguishes, is
fed from the Reu as a carry pulse to the
advance driver of the succeeding ReD.

In the simplified schematic of Figure 5
the zero-set system is depicted as a
manual switch for simplicity. Opening
this switch obviously returns the clear
buss to -20 volts, causing all left-hand
transistors of the bistable circuits to
saturate, and turning the lamp drivers
fOl' lamps "I" through 119" OFF. Q-IOl,
on the other hand, loses its forward bias,
desaturates, and permits Q-102 to go
ON, thereby turning the "0" lamp ON.

A fast transistor switch is actually used
in the TYPE 1150-A Digital Frequency
:Meter to accomplish zero setting for all
five neu's.

TIME BASE
The elementary circuit for the 100-kc

crystal oscillator is shown in Figure G.
It uses two transistors, an npn and a
pnp, in a modified Pierce circuit. All the
open-loop gain (60 db) of this transistor
pair is used as negative feedback. Thus,
the circuit gain is very stable with re­
spect to variations in temperature,
voltage, and transistor parameters, re-

'-__1-_OUTPUT

Figure 6. Elementary schematic of
cryslollime-base oscilltllor.

suIting in excellent oscillator-frequency
stability. The temperature control for
the crystal operates as long as the power
line is connected, whether or not the
panel power switch is on.

APPLICATIONS
The basic counter has many fre­

quency-measurement applications. It
can be used to calibrate, and to adjust
the calibration of, any signal source
lying in the frequency range from a few
cycles per second to a maximum count­
ing frequency of 220 kc. A few of its
more important applications arc: the
calibration and setting of oscillators and
signal generators, the monitoring of fre­
quencies to 220 kc, and measurements on
precision filters and other frequency­
selective devices, where high resolution
is needed for accurate frequency setting.

Other physical measurements offer a
"Wide range of uses, including the meas­
urement of rotational speed (with a
photoelectric or magnetic pickup),5 and,
with appropriate transducers, pressure,
temperature, strain, and weight.

\Vith an appropriate transducer,
photoelectric or otherwise, the counting
of objects on production Jines, of par­
ticles in liquids, and of similar events
that may not be periodic will form an-

~A photoelectric pickoff device is now in the final stllll:es
of desill:n at General Radio and will soon be available for
use with the basic counter and with our stroboscopic
eqU;I)lllent line. This unit is a COtlll)lctely self-containe(l
light sonrce and pllotoeleetric cell. which will be powered
bv the counter or the stroboscope and which will feed its
Otltput signal back to the counter or the stroboscope for
measurement. A three_connector jack is provided in the
rear of the counter to accept this new photoelectric
pickoff.



other group of important applications.
rIhe simplicity of operation, the accuracy
and the reliability of this counter are
determining factors in its acceptability
in nmny of these applications.

- R. \,V. FruKK
- J. K SKILLIKa
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SPECIFICATIONS

Frequency Ronge: 10 cpS to 220 kc.
Input Impedonce: .\C-coupled approximately 0.5
megohm shuntcd by less th:Hl 100 pf.

Sensitivily: Belter th~m 1 volt, penk-to-peak;
for pul;;:e inpul, duly ratio should be between
0.2 and 0.8.
Display: Tn.line register, ineandescent-lamp­
operatcd.
Disploy Time: Adjustable from 0.5 1,0 5 seeonds,
llpproximatcly. or 00.

Counting Interval: 0.1, 1, 10 sC('onds, or Can be
~ct mnnulllI~·.

Accuracy: ± 1 count ± crystal oscillator
st;tbility.
Crystal-Oscillator Stability

Short·Term Stobility: Better than Y2 part per
million.

Cycling: Less than counter resolution.

Temperoture: 2 11 parts per million for 0 to
500 e ambient.

worm-up: Within 1 p:ut per million :lfter
15 minutes.

Aginq: Less than 1 part per million per
w('ck after .1 weeks: d('ereasing thereafter.
Crys'ol Frequency Adjustment: The frcqllcney is
within 10 parts per million whcn rcccivcd.
Frequcn('y :Hljustment provided.
Power Input: 105 to 125 (or 210 to 250) vol1s,
50 to 60 ep", 45 watts.
Accessories Supplied: TY!'E C..-\P-22 3-\Yire
Powcr Cord; spare fuses; 8 repIa.(·cment indi­
cator lamps.
Dimensions: Bcneh model, width 19, height
3%. depth 12 1

2 inchcs (485 by 99 by 320 mm),
over-all; mck mOllnt, p~lIlel, 19 by 3 14 inches
(-185 by 90 mm); depth, 12 34' inches (325 mm).
Net Weight: 1i J.4 pounds (8 kg), lwproximately.

Type Code Word Pria

1150-AM
1150-AR

Pntenl .\pplied For.

Digitol Frequency Meter, Bench Moun'.
Digitol Frequency Meter, Rack Mount

OFF1~l{

OCCUH

$915.00
915.00

NEW 3-WIRE POWER CORD
The TYPE CA1'-22 Po,,"er Cord

(3-\\ire) is no"" supplied ,,"ith all General
Hadio instruments that use a detachablc
po\ycr cord, rcplacing the 'T'YPE CAP-15
formerly supplied. This ne\\' de::.ign has

Type CAP-22
Power Cord.

a hammcrhead connector at its PO\\'cr­
line end, 'Yith both male and female
connectors, thus permitting (,"'0 or morC'
cords to be attached in parallel. 1'''"0
1\o. 18 conductors arc IlsC'd. The cover­
ing is rubber, and thC' connector bodies
are molded integrally with the cord.
This power cord is also [\,"ailable sepa­
rately, as listed below. Its length is 7
feet, and it is rated at 250 Yolts, 7
amperes.

Type

CAP-22 Power Card.

Code Word

TR{;"CO

Price

$2.25

9
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Selection of the best ,wailable readout
judicata!' has been an important part of
the dcyclopment of now ill-line-presen­
tation instruments like the one described
in this issue.

In the majority of general-purpose
applications, and particularly in tran­
sistor circuits, the lise of incandescent
lamp illumination i.s especially suit­
able. Transistors operate typically at low
voltages, and incandescent lamps adapt
easily to these conditions without re­
quiring complicated ancillary circuitry.

lUtel' a careful sun"cy of available de­
signs, the products of K.G.~I. Elec­
tronics, Richmond, England, were
judged to haye thc best combination of
these desirable characteristics:

1. Excellent presentation with clear,
brilliant readout. The white light is
both more pleasing to the eye and
actinically morc efficient than the
orange-red of neon displays.

2. Neat, compact design, with ef­
fective means of heat dissipation to
insure long lamp life.

3. Use of standard, readily avail­
able replacement larnps. Replacement,
infrequently required, is easily done.

15/16-

I
H3II6"

dI
Figure 1. View of the Type IND·0300 NUMERIK
IndicCltor, with dimensions. (Allow odditionClI lJi,"

on depth, for common terminClI.)

Figure 2. Cut­
away view of the
Type IND-0300,
showing con-

struction.

4. Efficient use of light from Io\\'­
power lamps.

5. Lo\\" parallax. All symbols ap­
peal' to be nearly in the same plane.

6. 'Vide viewing angle.
7. ReaBonable price.

The TYPE I~D KU:\tERIK Indicators
combine ten (or twelve) incandescent
bulbs \"hich can be illuminated indi­
\'idually and which, in turn, end-fire
illuminate clear plastic strips, as illus­
trated in Figure 2. Light is introduced
at one end of a thin, clear acrylic plate
and is conducted with little attenuation
along reflective ducting to the display
surface where it is translated into. a
bright display by closely spaced dots
scribed in the form of the numeral or
symbol. A stack of ten plates is just
0\'01' 9i'6 inch deep.

Light transmission through the acrylic
is so good that the bottom symbol of the
stack appears to have about the same
brightness as the top symbol. Thin
sheets of reflective opaque material,
which separate the paths through \\"hich
the light to the display surface is con­
ducted, reduce cross illumination to the
point where all symbols except the one
illuminated are, for practical purposes,
not visible.

Because of the thin stack and excellent
light eonductiyity, the NUMERIK Indi-



Figure 3. Rear
view of the Type
IND-0300, show-

ing terminals.

cator has the unusually wide viewing
angle of 120°.

The units are conveniently mounted
behind the panel with only two screws.

To achieve long lamp life, the lamps
are mounted in a drilled, solid aluminum
block which serves as an efficient heat
sink. Further, the sink is joined to the
front panel of the instrument by large­
cross-section aluminum side blocks. This
configuration leads to cool operation and
to lamp life averaging 5,000 hours under
s"\vitching conditions.

Lamps are readily replaccd. The re­
moval of two screws at thc back of the

APRIL, 1962 ~

Indicator frees the lamp block and
terminal plate as a unit.

Typical uses of the NUi·...IERIK Indi­
cator arc found in annunciators, corn­
putcrs, counters, digital voltmeters and
similar instruments, indicator boards for
process control, paging systems, pro­
grammers, radar, timing systems, and
clock displays.

'1"\\"0 types arc available from stock:
Thc Type I:\D-0300, which has ten
numerals, zero through nine; and the
TyPE DiD-1801, which has thc tcn
numerals plus a comma on the right side
and a decimal point centered on the left
side of the numerals. Additional types
with letters and othcr symbols are
available on special order.

The NUMERlK Indicators are manu­
factured for Gcncral Radio by KG.:V!.
Electronics under an agreement that
makes General Radio the exclusive dis­
tributor for the United States and
Canada.

SPECIFICATIONS
lamps: J4-volt, 80-milliampere, 0.5 candle- with nylon-filled Bakelite backing block.
power 1'-1% bulb; G.E. #330 or equal. Working l\ickel-silver contact springs and 11 silver­
life ILpproximately 5000 hours (switching with plated terminals (13 for TYPE IND-1801), one
10% duty mlio). for each lamp and Ii common ground. The
Viewing Angle: 1200 horizontal; 600 vertical. ground connection is to the case of the TYPE

I.\TD-0300i it is insulated from the case in the
Symbol Height: 1% inch. TYPE IND-1801.
lamp Holder Block: Solid aluminum heat sink Mounting: Back-of-panel by two 4-40 screws.

TYPE TND-0300 TYPE IKD-1801

Window Size: % by ~% ineh , % by lY(6 inches
Mounting: 11h6 inches, centers 2~6 inches, cenlers
Dimensions: Width 1 ineh 1 inch

Tleight 2 inches 2% inches
Depth 271 inches 2 1Y(6 inches(induding terminals)

Net Weight: 4>1 ounces 5 ounces
Code Word: [NDAK ''''DiG

Prices: 1 19 832.20 833.60
20-49 30.60 32.00
50-99 28.60 30.00

100-299 27.20 28.60
300-999 24.70 26.10

1,000-4,999 22.00 23.30
5,000-9,999 18.40 19.60

1O,OOO-up 16.90 18.10
Patent Apphed For.

11
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TYPE 161O-B

CAPACITANCE-MEASURING ASSEMBLIES

View of Type
1610·B Capacitance-Measuring Assembly.

This capacitance-measuring system IS

noll' equipped \\·ith the TYPE 121O-C
Unit He Oscillator and the new TYPE

1232-A Tuned Amplifier and 1\ull Detec­
tor, ,,·hich replace the TYPE 1302-A
Oscillator and the TYPE 1231-BRFA
Amplifier and Null Detector used in the
TYPE 1G IO-A Assernblies. Sensitivity is
increased over that of previous models,
and the detector is continuously tunable
f!'Om 20 cps to 20 kc, \yith t\\"O additional
fixed points, 50 kc and 100 kc. The
oscillator frequency JS continuously ad­
justable from 20 cps to 500 kc. The
capacitance bridge, 'TYPE 71G-C, rc­
maills unchanged.

Prices fol' the TYPE 161 O-B Assemblies
are !o\ycr than for the 'TYPE 1610-A,
o\ying to the usc of the less expensive
but rnorc rnodcrn oscillator and de­
tector.

1'\\0 models are available: (1) the
'rYPI'~ HaD-B, ,,"hich includes thc TYPE

71G-P,l Guard Circuit, and is suitable
for both three-terminal and t\Yo-terminal
measurcmcnts, and (2) the TYPE

1610-B2, \\·hich is suitable for t\l"O­
terminal measurcments onl.v. Each is
complcte in cabinet-type rclay rack,
with connection cablcs and po\yer cord.

Type Code Word Price

1610-8

1610-B2

Capacitance-Measuring Assembly ..

Copad'ance-Measuring Assembly.
(less Guard Circuit)

SEDAN

SABER

$1740.00

1465.00

12
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A NEW SYSTEM FOR MEASURING

THE INDUCTANCE OF IRON-CORE COILS

The TYPE 1630-A Inductance Meas­
uring Assembly was designed prima­
rily for measurements of the induct­
ance and loss of transformers, chokes,
and similar components at high de
and oc excitation levels. Easy to
operate and flexible in application,
it can also measure other nonlinear

elements such as Zener diodes, recti­
fiers, thermistors, and lamps.

This article describes the design of
the bridge and its associated power
supplies and shows a number of ex­
amples of measurements.

A system for measuring the induct­
ance and loss of coils with ferromag­
netic cores is necessarily more compli­
cated than the simple bridge that
suffices for measurements on air-core
coils. The iron-core coil is nonlinear,
and, for a sinusoidal applied voltage, the
current will contain harmonics. Since
inductance is usually defined with re­
spect to the fundamental component of
current flowing \\"ith a sinusoidal applied
voltage, for meaningful measurements
the ac source dri\-ing the measuring
instrument must have a vcry low imped­
ance to harmonics, and any impedances
which the measuring system places in
series with unknown impedance must be
very small with respect to the unknown.
To minimize the effects of harmonics,
the detector must be sharply tuned to
the fundamental frequency. In addition,
because the inductance is a function of
the applied ac voltage, dc bias current,
and previous history of the core, the

instrument must be capable of making
the measurement \yith the ac voltage
level and de bias current at which the
inductance is desired.

In iron-core coils the term incremental
inductance rigorously refers to the ae
inductance measured with a small
signal superimposed on a relatively large
dc bias current, I but the term is also
frequently used to describe inductance
as measured over a wide range of
ac and de excitation. In other important
measurements no de bias is applied.
Therefore, the system must be able to
handle high voltages and currents, and
these must be adjustable.

A new measuring system, the TYPE

1630-..\L Inductance :\1casuring As­
scmbly, has been developed, \yhieh is
capable of meeting these requirements.
This systcm, shown in Figure 1, operates
at the power-line frequency and con­
sists of a bridge, a 200-watt de source,
and a 200-voltampere ac line-frequency
supply. The bridge unit includes a
null detector.

A second assembly, the TYPE 1630-AV,
now undcl' development, includes a
200-va audio oscillator in place of the
line-frequency supply and is capable of
measurements from 20 cps to 20 kc.

An accuracy of 1% has been found
to be adequate for practically all meas­
urements on ferromagnetic components,
which makes possible the use of a ~on­

venient single-dial readout for induct­
ance and another for series resistance orQ.

IF. E. Terman, Radio Enuineen'ng, 3rd Edition. :\[cGraw.
Hill, 330 West 42nd St., New York 36, N. Y.
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Many other nonlinear elements pre­
sent the same measurement problems as
iron-core coils, and the TYPE 1630
assemblies are well suited to measure­
ments on such components as Zener
diodes, rectifiers, neon lamps, incandes­
cent lamps, and thermistors.

THE BRIDGE CIRCUIT

The TYPE 1633-1\ Incremental-Induct­
ance Bridge, the main element in the
measuring system, uses a new circuit,
which includes active elcments/ in order
to achieve important operational fea-

tHo P. Hall, R. G. Fulks. "The Use of Active De~'il'eS in
Precision Bridges," Eltdri{;al EnqinUT1ng, May 1962.

Figure 1. View of the Type 1630-AL Inductance
Measuring Assembly. Space Is provided at the top
of Ihe rock for Ihe oddition of an oscilloscope,
which permits the current woveform or the
hysteresis loop 10 be viewed during the meosure·

menls.

tures. The active elements are three
multistage, transistor, feedback ampli­
fiers, designed to have parameters at
least an order of magnitude more stable
than is required for the desired bridge
accuracy. Two amplifiers are used for
isolation and a third for a phase inver­
sion. Figure 2 is the elementary bridge
schematic.

Each isolation amplifier is used with a
potentiometer to form a variable-voltage
source with a low output impedance.
This permits the use of fixed capacitance
and conductance standards, Csand Q5,

because the current through these
impedances is adjusted by variation of
the voltage applied to them, rather than
by variation of their magnitudes. Thus,
both adjustments are simple, easily
balanced potentiomcters rather than
multiple decade assemblies. The nega­
tive-gain amplifier on the right-hand side
of the bridge conyerts the voltage from
the resistive divider into a current of
opposite phase, which is required for a
bridge balance.

Null Conditions

The equation for null can be easily
obtained by setting the sum of the cur­
renls into the detector equal to zero
(Figure 2). If wc Ict R~ equal the total
resistance to ground from point B,
including R p , then

I, + 12 + 13 + I,
E IN

where a and f3 are the ratios of potenti­
ometer output Yoltage to input \"oltage,
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Figure 2.
Simplified schematic of the bridge.

Advantages of the New Circuit

This circuit has several advantages
over conventional Maxwell or Owen

1 .
or R

p
+ aJwCs + a13Gs

R~ + R x + jwL x Rn, X
RB RE(Re + Rn )

1 R n- ,
R F RE(Re + Rn )

then

Lx
aCsR~RE(Rc+ R n )

R n

R x
a13GsR~RE(Rc + Rn )

Rn

Ranges and Accuracy

The arrangement of the panel controls
is shown in Figure 3. The six ranges of
inductance are more than adequate for

bridges as ordinarily used for this meas­
urement.

1. Both balance controls are single­
dial potentiometers permitting rapid
balances.

2. The bridge reads either Rx or Qx
directly. A measurement in terms of R x
is desirable for low-Q values where the
Q arrangement has a bad "sliding null"
(slow balance convergence).

3. The bridge can read Qdirectly, with
no multiplying factor, at several fre­
quencies if the value of Gs is switched
as the operating frequency is changed.

4. The voltage and current applied to
the bridge and the unknown inductor are
constant as the balance adjustments are
made. This is a valuable feature in the
measurement of nonlinear devices.

5. The generator and detector are
both grounded, avoiding the need for
bridge transformers that may be sus­
ceptible to magnetic pickup.

The use of active elements, which
make possible these features, may
bring to the minds of some readers a
host of difficulties long associated with
vacuum-tube amplifiers, particularly
those employing little feedback. How­
ever, such problems as gain stability,
life, hum, noise, excess heat, and warmup
time can be completely eliminated or
greatly reduced by the use of multi­
stage, transistor, feedback amplifiers.
When one thinks of the high precision
and reliability of the operational ampli­
fiers used in modern analog computers,
one wonders why they have not been
used more extensively in bridge circuits.

wCs
13Gs

wL x
Rx

Qx

c_

'- "
" I,

0<" ,
- , C,

" r. -'- ..-~I

$"
r'", '1' " 0, "f

If

The unknown inductance is propor­
tional to the value of a, and the dial of
the a potentiometer is calibrated to read
L. For the connection shown in the
schematic, Qx is inversely proportional
to 13, so that the dial on the second po·
tentiometer reads Qx. However, if this
potentiometer is connected to point B
instead of point A, C\' disappears from
the equation for R x, making resistance
proportional to 13, and the dial there­
fore reads R x .

5
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practical measurements at any given
frequency. Moreover, the standard ca­
pacitor, C s, is switched by the fre­
quency-selector switch so that the in­
ductance range is changed to give
reasonable values at the various operat­
ing frequencies. For example, the induct­
ance range extends up to 1,000 henrys on
the four lmycr frequency positions, but
an inductance of this size would surely be
above resonance at 1 kc, so that the
maximum range is 100 henrys at 1 kc
and is reduced to 10 henrys at 10 kc.
This shift in range permits measurements
down to 0.1 I'h at the higher frequencies.

The bridge reads R or Q as selected
by the panel contro!. The Q scale is direct
reading at nine frequencies, which in­
clude common power frequencies and
their second harmonics, as well as other
standard test frequencies. The Q range
is co to I, below which a bothersome
sliding null occurs; the R scale shonld

be used for these lo,,·-Q measurements.
Inductors or inductive resistors of any Q
value can be measured when the bridge
is set to read Land R. The resistance
range extends from 0.01 ohm (first dial
division) to one megohm and is inde­
pendent of frequency.

Power Ratings

The maximum current and voltage
that may be applied depend upon the
value and power rating of, respectively,
the bridge resistor (R B) in series with the
unknown and the other resistor (R c)
adjacent to the unknown. The resist­
ance RB should be as low as possible for
low dissipation, and low compared to the
reactance of the unknown inductor for
minimum waveform distortion, but is
also limited to reasonable values by
sensitivity and lead-resistance considera­
tions. In this bridge, RB has a rating of
100 watts, but the power dissipation is

Figure 3. Ponel view of the
Incremental-~nductanceBridge.



limited to 50 watts for continuous opera­
tion to avoid overheating of the bridge
elements. On the lowest three ranges, it
has a value of one ohm, so that the rating
for continuous use is 7 amperes. The
values and ratings for the other ranges
are tabulated in the specifications (see
page 13).

The highest voltage that can be ap­
plied is determined by Re. On the four
highest inductance ranges it has a value
of one megohm and permits 1250 volts to
be applied to the bridge. On the lo\\'er
ranges, where the impedance of the un­
known inductor is lower, current rating
is the more important, and tbe voltage
decreases, becoming 12.5 volts on the
lowest range.

For those applications requiring more
than 7 amperes, the TYPE 1533-Pl
Range-Extension Unit,* ,,·hich contains
a O.l-ohm resistor, can be externally con­
nected to shunt Rn on the three lowest
bridge ranges; the inductance and re­
sistance values are then reduced by a
factor of 10, \Vith this resistor, measure­
ments up to 50 amperes, ac or dc, are
possible.

The Internal Detector

l\1easurements on nonlinear imped­
ances require the use of a highly selec­
tive detector because the large barmonic
signals developed are not nulled at the
fundamental balance. \Vhcn magnetic
circuits are highly saturated, it is possible
to have harmonics as large as the funda­
mental itself and therefore approximately
40-db rejection would be necessary for a
balance of 1%. Even more rejection is
desirable.

The detector in this bridge was de­
signed to meet these requirements. It is

·Available on speCial ordcr.
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selective at the nine fixed frequencies at
which the bridge Qscale is direct reading.
Two cascaded, active, Re, selective am­
plifiers are used to obtain a second­
harmonic rejection of 50 db. When
measurements at other test frequencies
are required, an external null detector
should be used. The TYPE 1232-.-\ Tuned
Amplifier and ~ull Detector is recom­
mended, This detector has a 35-db
second-harmonic rejection, which is
adequate for most measurements. How­
ever, if a given test frequency is to be
used often, it is not difficult to change
the detector and the bridge circuit to
obtain selectivity and a direct Q reading
at the desired frequency.

Due to high detector sensitiyity and
10"- noise, measurements can be made at
excitation levels below one volt on the
high inductance ranges and below 10
millivolts on the lowest range. Hence,
on any range, the ac excitation can be
varied over a span of more than 1200
to 1.

An additional detector featme is the
high degrcc of amplitude compression,
which makes repeated gain-control ad­
justments unnecessary.

THE COMPLETE SYSTEM

In the complete measuring system
the ae supply, a de supply, and the
bridge are connected in series as shown in
Figure 4. Descriptions of tbe two sup­
plies now available are given elsewhere
in this issue.

In Figure 4 the output circuit of each
power supply is shown in greatly simpli­
fied fOI'm, to indicate the path of the
high dc and ac excitation currents. Each
supply is capable of passing the maxi­
mum current available from the other.
The rms sum of the maximum dc and ac
currents (5 amperes each) is equal to the

7
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rated bridge current of 7 amperes. It
should be noted that the maximum
power rating of the bridge is 1250 volts
at 7 amperes or 8750 voltamperes, far
greater than the output of these 200-watt
power supplies. Users who require power
of this magnitude will presumably con­
struct their own power supplies.

Figure 4_ Simplified
lIIIl~ dlClgrClm of the sys­

tem high-current cir-
II. cuil.

The ac voltage applied to the inductor
should be as sinusoidal as possible. If the
unknown inductof is nonlinear, the cur­
fent will be distorted, and the series im­
pedance in the loop must be 10"· to avoid
subtracting a large distorted voltage
from the generator signal. Therefore, the
output impedance of the TYPE 1266-A
Adjustable AC POW"C!· Source and the ac
impedance of the TYPE 1265-A Adjust­
able DC Powcr Supply have been made
very low. Resistor R n is also in this loop,
but in most cases it is much smaller than
the unknown impedance and is usually
smaller than the \\-inding resistance of
the coil bcing measurcd. On the other
hand, the dc applied should be from a
constant current source. Current, rather
than voltage, is the variable that should
be controlled, because it determines the
dc ampcrc turns (magnctic field in­
tensity, H) applied. Whcn the inductor
dissipates a large amount of dc power, it
will heat up, and its winding resistance
will increase. The dc supply is therefore
current regulated to keep the applied
current constant.

Protective Devices

Because the bridge is dcsigncd to
measure inductors in which the stored

energy can be very large, a number of
features have been incorporated to pro­
tect the equipment and to alert the
operator to possible dangcr. The most
prominent among these is a hinged cover
over the UNKNOWN terminals. A lock on
this cover is mechanically connected to
a switch that shorts the generator
terminals to ground (through a I-ohm,
50-watt resistor). Thus, any current in
the unknown inductor is discharged
harmlessly before the operator discon­
nects the unknown. A panel light under
the UNKKOWK terminals indicates when
the generator is not shorted.

The SYSTEi\.o[ POWER switch controls
the power to two receptacles on the real'
panel of the instrument, so that the
bridge and its ae and dc ge;1el'ators can
be conveniently controlled by the same
switch. In this way the generators are
also prevented from supplying power
when the bridge power and warning
light arc turncd off.

If the genf'ratol' is disconnected with
current flowing ill the circuit, the in­
duced voltage transient is applied di­
rectly across the bridgc. Thyrite varis­
tors have been included to limit this
voltage and to help prevent damage to
the bridge.

APPLICATIONS

The wide impedance, signal, and
frequency ranges over ,,·hich the TYPE
1633-A Incremental-Inductance Bridge
is useful suggest many applications. 1'he
major usc is undoubtedly the measure­
ment of iron-core* components, but
there are many other important applica­
tions in the measurement of nonlinear
resistances.

.-rhe term "iron-eore" 90S used here includes all types of
ferromagnetic cores.



Iron-Core Components

The ability of this bridge to operate
with almost any generator waveform and
at high power levels makes possible the
measurement of an inductor, trans­
former, motor, or other electromagnetic
device with the generator voltage either
supplied by the circuit of the inductor or
simulatcd by the bridge generators.

A dc power-supply filter choke pro­
vides a g90d illustration of this type of
measurement. Since the resistors in the
bridge circuit are arranged to cause very
little extra loading of the generator, the
bridge can simply be inserted in the
leads of the choke in the power-supply
circuit and be measured under the ac­
tual source and load conditions. Connec­
tions for a typical measurement are
shown in Figure 5. Here the generator
signal is a full-wave rectified sine ,vave.
Since thc sharply tuned detector dis­
criminates against harmonics, the bridge
can easily be balanced at the fundamen­
tal frequency of this waveform, which is
twice the line frequency, or 120 cps. A
plot of thc measured inductance of a
choke as a function of load current is

MAY, 1962 ~

shown in Figure 6. The actual measured
points are indicated by crosses.

In order to provide a comparison,
the generators of the TyPE 1530-AL
Inductance Measuring Assembly were
set up to measure the same choke with
the same dc current and the same
ac flux density (set on the ac supply)
as in the above measurements. The
rms fundamental component (120 cps)
of the full-wave rectified sine wave is

2v2 E peak. To get the same flux
3"

density at 50 cps requires half this volt­
age. The points measured with the
simulated generator are shown as circles
in Figure 6. The difference between the
two curves is very small except at low
currents where the inductance is less
than "critical,"l and the waveform in the
full-wave case becomcs distorted due to
the discontinuous current in the choke.
This measurement shows that the op­
erating conditions can be duplicated
without duplicating exactly the actual
waveforms.

lOp. cit.

BRIDGE

figure 5. Circuit for measuring
filter choke under load condi­

tions.

CHOKE

figure 6. Plot of meosured inductance of
choke os 0 function of load current.

I
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Figure 8. Leakage inductance of 0 Type W50
Variac Autotransformer 01 50 amperes.

Figure 7. Inductance of choke as a function of
dc amperes-turns with various air gaps.

IIOLlS AC-GOCPS

Figure 10. Measured inductance and re­
sistance of the control winding of on ac

servomotor.
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Figure 12. Zener diode: dynamic
impedance.
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A power-supply choke usually has an
air gap in the magnetic circuit to prevent
the core from saturating. vVith a given
core, coil, and de current, there is an
optimum air gap for maximum induct­
ance. A systematic procedure for the
design of such inductors has been de­
scribed by C. R Hanna' and is widely
used. The measurements required for
such a design can easily be made with
the TYPE 1630-AL assembly. An example
showing the inductance of a coil vs direct
current '\vith several air-gap sizes is
shown in Figure 7. The locus of the
optimum-gap inductance values is shown
by the dotted line. Figure 8 shows a
measurement at high current. Data for
this curve of the leakage inductance of a
TYPE W50 VA RIAC® Autotransformer
were taken at 50 amperes, with the TYPE

1633-Pl R.ange-Extension Unit shunting
the internal bridge resistor (R B ).

There are many measurements at low
signal levels where the ability to set the
signal to a known value independent of
the balancing procedure is necessary.
Figure 9 shows the inductance of a small
pulse transformer measured at 15.75 kc
as a function of ac signal level. This
frequency position was included in the
bridge frequency calibration for meas­
urcments on the magnetic components
used in the horizontal circuits of tele­
vision recei vel's.

Figure 10 illustrates another example
showing the measured inductance and
resistance of the control winding of a
small ac servomotor. From such meas­
urements it is a relatively simple matter
to determine the value of series capaci­
tors necessary to give any desired phase

IC. R. Hanna, "Design of HCll.ctll.llces and Transformers
\Vhich Carry Direct Current," Journal of AlEE, Feb­
ruary 1927, pp &-8.

MAY. '962 ~

relationships at a particular operating
point. It also indicates the load on the
servoamplifier.

Another useful application of the
bridge is in the measurement of loaded
transformers of high power rating.
Figure 11 shows the input-impedance
components of an audio-frequency trans­
former terminated in its normal load.

AC Resistance Measurements

An important group of applications
comprises ac resistance measurements on
level-sensitive components. A typical
example is the measurement of the
dynamic impedance of Zener diodes, in
which a small ac signal is superimposed
on a dc bias current. For this measure­
ment the bias current is supplied by the
TYPE 1265-A DC Power Supply and the
ac signal by the TYPE 1266-A AC Power
Source. A dc voltmeter across the Zener
diode measures the breakdown voltage
at the test current. An example of this
measurement is shown in Figure 12.

A similar measurement is that of the
dynamic fonvard impedance of rectifiers.
This information is useful in the voltage
and regulation calculations in the design
of power supplies. Figure 13 shows a
dynamic resistance of a rectifier tube at
various values of dc load current.

,

N
o ----- ----....-............;,----...
0 ----....

0.01 00' oo~ " " "0 ,

Figure 13.
Dynamic resislance of a vacuum·tube rectifier.
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Lamp bulbs and thermistors are often
used in controlled applications where
their resistance is a function of the power
applied. The peak current surge when
incandescent lamps are turned on can
be calculated from the knowledge of the
cold resistance of the lamp. A plot of the
resistance of a IOO-watt, 11O-volt lamp
bulb is shown in Figure 14.

Figure 15 shows the dynamic induct­
ance and resistance of a neon lamp. The
negative resistance ·was measured by
adding sufficient series resistance to
make the sum positive. The effective
inductance is due to the ionization time
of the gas.

From these examples it is evident that
the TYPE 1630-AL Inductance Meas­
uring Assembly will satisfy most of the
requirements for measurements on non­
linear components having resistive or
inductive impedances. The unusual fea­
tures of this system, wide operating

'00 "'\ "\
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\. \ .,

"
\

"\ \
, '\ \

,\,
"

\~ If"

"
r\
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" "" " " '" = '" 1000 2
loe-MICROAMPERES

Figure 15. Dynamic inductance and re­
sistance of a neon lamp.

ranges, easily set signal levels, and
simplicity of operation, are intended
to take the measuremen t of non linear
components out of this special-measure­
ments class and put them in the category
of general-purpose measurements.

-R G. FUI,KS

~H. P. HALL
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- Editor

SPECIFICATIONS

TYPE 1630-Al Inductance Measuring Assembly

The TYPE 1630-AL Inductnnce Measuring TYPE 1633-:\ Incremental-Inductance Bridge
Assembly, mounted in a bench-type relay rack, TYPE 1265-A Adjustable DC Power Supply
consists of: TYPE 1266-A Adjustable AC Power Source

A connecting cable is supplied.

12

Type I
--'-6":3:':O.-A-l~- IndutlCJnce Measuring Assembly ..

Code Word

CANON

Price

$2300.00
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SPECIFICATIONS {Continued}

TYPE 1633~A Incremental·lnductance Bridge

Frequency
Full-Scale Ranges Smallest

a I b I c d I e f Division

SOc,60e, I ~100e, 120c IOmh lOOmh I h IOh 1000 h 20ph

40o.,8ooc,

I ~IIke I mh 10mh IOOmh I h 100 h 2 ph

10 kc,
15.75 kc 100 ph I mh

~
100 mh II h

10 h 0.2 ph

all lOu 100 n I kn 10 kn 100 kH 1 MI~ 10mn

00_1
all Direct Reading al Above Frequencies Q = 1000

ax rms volts

~
125

I
1250

~
1250

I
1250

ax rms amp'" 7 7 2 I 0.7 0.2

., "

M

"'MaXimum rms curren(

M

ACCURACY

Inductonce: ±l% of reading or 0.1% of full

scale, ± (;;0 Xfj:) %.
Resistonce: ±2% of reading or 0.1% of full

I ± Q./,< '"sca e, 2:n- /0-

1
Q' ±2% 0' 0.00l.

INTERNAL DETECTOR

Frequency: Selective at anyone of nine specific
frequencies, accurate to ± 1%, 50, 60, 100, 120,
400, and sao cps, and 1, 10, and 15.75 kc.
Response to Second Hormonic: Approximately
60 db below fundamental.

GENERAL

Power Input: 105 to 125 (or 210 to 250) volts,

50 to 60 cps; power consumption, approxi­
mately 6 watts.
Accessories Supplied: One TYPE CAP-22 3-wire
Power Cord and sp3re fuses.
Accessories Required: Cener3tor to cover de­
sired ranges of frequency and power, and a
source of de bias current (if desired),
Accessories Avoilable: TYPE 1265-A Adjustable
DC Power Supply (200 "'aUs); TYPE 1266-A
Adjustable AC Power Source (200 voltamperes).
Mounting: Relay-ruck panel in aluminum
cabinet. End frames arc supplied with beneh
models.
Dimensions: Bench model, width 19, height
12%, depth LOU inches (485 by 325 by 260 mm),
over-all; rack model, panel 19 by 12U inches
(485 by 315 mm); depth behind panel, S%'
inches (225 mm).
Net Weight: 31 pounds (14.5 kg).

Type

1633-AR
1633~AM I incrementol-inductance Bridge. Rack Mount.

Incremental~lnductonceBridge, Bench Mount

Code Word

ABYSS

AUGER

Price

$925.00
925.00

THE TYPE 1265-A ADJUSTABLE DC POWER SUPPLY

The characteristics required for de
power supply for use with the incre­
mental-inductance bridge arc somewhat
speeialized and are not met by available
units of eon\'cntional design. Among
them are wide ranges of current and

voltage, an output circuit that will pass
high alternating currents, and a choice
of voltage or current regulation.

The TYPE 1265-A Adjustable DC
Power Supply, a eompletely solid-state
design, includes these features. The in-

13
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Figure 1, Panel view of the Adjustable DC Power Supply.

strument has fOUf voltage ranges and
four current ranges (sec specifications
below), and it will deliver its maximum
rated power of 200 watts to not just one
optimum resistance but to 8 ohms, 80
ohms, or 800 ohms.

A conventional regulated supply has
a low ae output impedance obtained
by large feedback. AB a result, this im­
pedance is low over only a limited
dynamic range and only a relatively
small ae curren t can be passed through
the output. In applications ",-here ae and
de must be combined to form a com­
posite signal, a passive, low ae imped­
ance is much more attractive.

The elementary diagram of the TYPE
1265-.\ is shown below. It sho"'s the
control loop used for regulation. Either
the output voltage or current is sampled,
amplified, and then used to control the
conduction angle of two power-transistor
trigger circuits used as controlled recti­
fiers. These rectifiers control the current
into the output transformer whose

sevoral taps prodde a choice of output
voltages. The selected voltage is recti­
fied and then filtered by components
that are switched \\ith both the voltage
and current range adjustments in order
to keep the output-circuit time constants
independent of range. It should be noted
that the output is sampled before the
filter. Except for losses in the filter,
which are compensated for, the dc volt­
age and Clirrent are the same on either
side of the filter. Putt.ing the sampling
elements before the filter avoids the
impossible stability problem that would
arise from having the filter and the load
(which could have any impedance) in
the control loop.

Other important features are voltage
and current metering, a mechanical con­
nection bct\yeen switches that prcYents
switching to range combination m"or 200
watts, and a trigger circuit that prevents
damage to the instrument from over­
loads.

-H. P. HALL

RESET

14

Figure 2. Simplified
sehemotic of the de

power supply.
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SPECIFICATIONS

Full·Scale Output Ranges: 12.5, 40, 125, 400
volts, dc; 0.16, 0.5, 1.6,5 amperes, dc; in any
combination up to 200 watts.
Meters: Voltage and current; ranges are
switehed with output rangcs.
Overload Protection: Overload circuit trips at
approximately 1Y2 times full-scale eurrent.
Regulation: (Voltage or currcnt..) 0.2% for 20%
of line-voltage change; 1% for 100% load
change.
Speed of Response: Approximately 0.1 second.

Hum Level (rms): Approximately 70 db below
full scale dc output (60 db on 12.5-volt, 5­
ampere range).
Accessories Supplied: TYPE CAP-22 3-'Vire
Power Cord and spare fuses.
Dimensions: Bench model, width 19, height 7!4,
depth 17~ inches (48.) by 190 by 440 mm),
over-all; rack model, panel 19 by 7 inches (485
by 180 mm), depth behind panel, 15 inches
(385 mm).
Net Weight: 70 pounds (32 kg).

Type

1265-AR
1265-A~M I

Adjustable DC Power Supply, Rack Mount ..
Adjustable DC Power Supply, Bench Mount.

Code lVord

ABASE
BAIZE

Price

$875.00
875.00

THE TYPE 1266-A ADJUSTABLE AC POWER SOURCE

Figure 2. Simplifled schematic of the
ac power source.

adjustable from zero to the maximum
value selected, by means of a VARI.<\C®

adjustable autotransformer. :Meters are

CLiRRENT
TRANSFORMER

VOLTS
RANGE
SWITCH

AMPS
RANGE
SWITCH

LIMIT I
INTERLOC~~

,,
OVERLOAO

RELAY

Ii
Li III

VARIAC~ AUTOTRANSFORMER

The TYPE 1633-A Incremental-In­
ductance Bridge requires relatively large
amounts of alternating and direct-cur­
rent power and the bridge and power
sources must tolerate alternating and
djrect currents, simultaneously.

The TyPE 1266-A Adj ustable AC
Power Source has been designed to
meet these specific requirements. Six
voltage ranges and five current ranges
are selected by rotary panel swi tches,
mechanically interlocked to interdict
any combination that might exceed the
200-voltampcrc capacity of the supply.
Vol tage, in each range, is continuously

Figure 1. Panel view of the Adjustable AC Power Source.
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provided for both voltage and cur­
rent. An automatic trip circuit, with
manual reset, protects the source against
unintentional o\'erload. The transform­
ers are designed to tolerate a direct
current at least as great as the max-

imum alternating current for the range
selected.

These characteristics ,vilt be found
useful wherever an adjustable 200­
voltampere, 60-cycle power source is
required. - GILBERT S),IILEY

SPECIFICATIONS

Frequency: Power-line frequency (50 to 60 cps).
Full-Scale Output Ranges: 4, 12.5, 40, 125, 400,
1250 volt..s, rms; 0.05, 0.16, 0.5, 1.6, 5 amperes;
in any combination up to 200 voltamperes.
Dc current..s up to the rated ac current may be
superimposed on output from external source.
Meters: Voltage and currentj ranges are
switched with output ranges.
Overload Protection: Overload circuit trips at

approximately 1% times full scale of current
meters; can be reset by panel switch.
Acceuories Supplied: TYPI~ CAP-22 3-'Vire
Power Cord and spare fuses.
Dimensions: Bench modell width 19, height 7.Y2,
dep!..h 1774' inches (485 by 100 by 440 mm),
over-all; rack model, panel, 19 by 7 inches (485
by 180 mm), depth behind panel, 15 inches
(385 mm).
Net Weight: 46 pounds (21 kg).

Type

1266-AR
1266-AM I Adjustable AC Power Source, Rock Mount...

Adjustable AC Power Source, Bench Mount.

Code ll'ord

CANJ)Y

BAI"FY

Price

$345.00
360.00

SEMINAR ON HIGH-SPEED

PHOTOGRAPHY TECHNIQUES AT M.IT

The scientific and engineering uses of
high-speed photographic measurement
techniques will be the subject of a one­
week seminar at the Stroboscopic Light
Laboratory, :l1assachusctts Institute of
Technology, starting :l1onday, July 16.

Both theory and labomtory practice
will be coyercd.

Subjects include pulsed stroboscopic
lighting, optical high-speed cameras,

Kerr cells, Faraday shu tters, image
converters, etc.

The program is under the direction
of Professor Harold E. Edgerton of the
Depal'trnent of Electrical Engineering
at M.LT.

For further information inquire from
the Office of the Summer Session, Room
7-103, 1ILLT., Cambridge 39, :l1assa­
chusetts.
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VlF STANDARD-FREQUENCY CALIBRATION
The initiation of standard-frequency

brondcasls in the vlf band has made
possible an imprO\"emcllt in the precision
of calibration of stable oscillators used
as local frequency standards which ap­
proaches a factor of 100 oycr that
achicyable by other means. \Vith high­
frequency transmissions, the best pre­
cision is about ± 1 X 10-9 • This preci­
sion is generally attainable only b~c the
usc of standard-tirne broadcasts and
accurate time-comparison dcyices. If the
high-frequellcy carrier of the standarcl­
frequency station is used instead of the
time pulses, the precision deteriorates
slightly, but the accuracy suffers from
propagat,ion vHriations, so that the over­
all performance of anyone calibration
call seldom be guaranteed to a figure
better than ± 1 X 10-7, and often this
figure is optimistic. Repeated calibra­
tions, and cross-checking of time-tick
and carrier-frequency calibration meth­
ods, suffice to allo\\" some degree of
assurance in local frequency-standard
calibration, but that laboratory is indeed
fortunate which has never been asked to
(fguarantee" a frequency calibration
obtaincd from thc high-frequency broad­
casts to bcttcr than ± 1 X 10-'.

The adyent of "If standard-frequency
broadcasts, coinciding approximately
with the proving-in of atomic frequency­
standard devices, has made m"ailable
both precision and aecw"acy of calibra­
tion which approach ± l X 10-11 undcr
ideal conditions and ± 1 X 10-10 most
of the time. At present, the vlf standard­
frequency broadcast stations arc main­
tained within ± 1 X 10-10 of their nom­
inal frequencies under normal circum­
stances, and calibration corrections are
available from the operating agencies
,,·hjch includc data to ± 1 X 10-11 •

It is difficult to justify any attempt to
obtain increased precisioll of calibration
beyond ± 1 X 10-11 under present con­
ditions. The propagation variations and
the difficulty in maintaining perfect
stability at the transmitting stations
impose a practical limit on the perform­
ance of a calibration system based on
vlf transmission over long ranges. For
incrensed resolution and precision of
frequency comparison, therefore, it is
still dcsimble to have both oscillators
being compared in the same location, or
at least not ,,·idcly separated. The
± 1 X J0-10 guarantee on the accuracy
of thc signals as broadcast is a further
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deterrent to any attempts to claim
greater accuracy of calibration. 'I'he
various possible methods of frequency
comparison using vl£ transmissions have
been described by J. A. Pierce.' The
methods used by the present author
were either taken directly from this
publication, or derived from it indi­
rectly. Several methods have been tried,
with the results indicated below.

In order to use vlf transmissions for
frequency-standard calibration, it IS

necessary to make use of the phase of
the carncr wave of the standard­
frequency signal. The vlf signal supplies
a phase, or time, reference which su!Ters
only a slight variation in propagation
time compared with that of an hf signal.
Hence, the phase difference bet\yeen the
stable oscillator to be calibrated and the
received vlf signal is measured, and the
frequency difference determined by con­
version of the phase change per unit

. ~. h . . Ftnne, -, mto t e appropnate umts. 'or
dt

example, there are 86,400 seconds in a
day, or, in round numbers, approxi­
mately lOS, corresponding to 1011 micro­
seconds per day. Thus, a relative
frequency difference of ± 1 X 10-11

corresponds to a change of phase of

["Intcrcontinental FrcQucncy Comparison by VLF Radio
Transmission," PrOf;. I HE', June, 1957 (pp, 794-803).

Figure I, Block diagreun of vlf reeeiving system
with oscilloscope display.

only 1 microsecond in 24 hours, while
± 1 X 10-to frequency difference
corresponds to ± 10 microseconds. In
simpler terms, if the local phase changes
+10 microscconds the first day, and
+ 10 microscconds the second day also,
the oscillator is maintaining a constant
frequency which differs from that of the
vlf signal by approximately ± 1 X 1O-ro.
If, howevcr, the frequency of the oscilla­
tor is drifting by, say, 1 X 10-11 per day,
the phase difference will change by 1
microsecond in each 24 hours, and, for
example, will be 10 microseconds the
first day, 11 the second. Over a longer
period, a uniform frequency drift rate
will produce an incrcasc in phase pro­
portional to the square of the elapsed
time.

The first, and simplest, method tried
was an experiment to assess the useful­
ness of the signal provided by NBA on
18.0 kc. The general arrangcment was as
shown in Figure 1. In this mcthod, the
signal is hctcrodyned to 2 kc by the
injection of 20 kc into the second rf stage
of the tunable vlf recelver. The 2-kc
beat is then select.ed by a fixed-tuned
filter, amplified, and applied to a circu­
lal'-s\\"eep oscilloscope driven by the
frequency standard being calibrated. In
this case, since the frequency of the
heterodyning local oscillator is" higher
than the 18.0 kc signal, an increase in
the local-oscillator frequency results in
an increase in the beat frequency, re­
sulting in a clockwise rotation of the
pattern on the oscilloscope. The time for
a one-cycle change in phase gives the
frequency difference by simple calcula­
tion. The sense of the difference is ob­
tained from the direction of rotation of
the pat.tern. If the local standard is set
to reduce the rate of rotation to a very

2
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Figure 2. (Right) Block diagram of
vlf receiving system using chari
recorder Or.! output of phase de­
leelor, (Above) A frogment of a
recording produced by this system.
Frequency difference is measured
by the time between the zero

crossings on the chart.

, ' .•• , , , >.• , " ··.l I '.' .. ,., , ,

,,,

'r"" !"'ti

OJ
ESTER~INE·

ANCUS
0-'<00
CHART

RECORDER

slow rate, the phase difference may then
be noted and recorded. Unfortunately,
for the greatest precision, this method
requires rather frequent attention to the
phase of the display and is thus some­
what tedious. In addition, it is not
practicable to obtain reliable overnight
calibrations by this means unless con­
tinuous observation of the indicator
'scope is provided) as will be apparent
from a study of the typical photographic
phase records presented later (Figure 6).

The second method of calibration used
experimentally in the GR laboratories
is shown in Figure 2" The current from
a balanced phase detector was applied
to a chart recorder set for zero-center
deflection. In view of the small deflec­
tion in the vicinity of the zero crossings,

the recorder ""as su pplemented \\"i th the
galvanomctcr indicator to help estimate
the exact moment of zero current in the
output eircuit of the phase detector.
Although somewhat more convenient
than the first method described, this
still required some manual operations
and generated yards of recording tape,
which required calibration. The timing
pulses radiated by NBA provided an
automatie time scale. Alternatively, the
frequency of the local standard oscillator
could have been set neal' zero beat with
the incoming signal, but the sense of the
frequency difference would then not
have bcen immediately apparcnt; hence
a better arrangement was desirable.

The phase-locked oscillator shown in
Figure 3 was a logical extension of the

3
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arrangement shown in Figure 2. A servo
amplifier having a pair of differential
input terminals was used to drive a
servomotor \\-hich changed the frequency
of the local standard-fl'equency oscilla­
tor by means of a variable capacitor.
For a phase-locked oscillator system, it
was necessar~r to provide one differential
input signal to the servo amplifier from
the phase-deteetor output and another
from a potentiometer on the capacitor
shaft. This system is an electrome­
chanical equivalent of a voltage-variable
reactance. 1'he frequency of the local
standard oscillator was thus phasc­
locked to that of "B~\. The frequeney of
this oscillator was then recorded on the
frequency comparator used fol' inter­
comparison of crystal oscillators in the
OR laboratories. In this way, the fre­
quency of :-lDA \\-as made available as a
reference for calibration of other os-

Figure

SERVQ DRIVE
Sl(i~~~

3. Block diogram of a motor-driven
phase-locking system.

cillators. The preCISion attained by this
device was approxirnately ± 2 X 10-9

at best, and, under conditions of high
noise level or sudden ionospheric dis­
turbances (SID), the results were some­
what difficult to interpret. A sample
recording is shown in Figure 4. 'l'he
principal virtues of this system \\-ero its
completely automatic operation and the
direct intercomparison with other locally
operated oseillators.

The phase-locking technique illus­
trated hcre is not so satisfactory a fre­
quency cali bration system as is the
servo-driven phase-tracking receiver sys­
tem originally described by Pierce1, and
now offercd in many commcrcial models.
The phase-locked oscillator, ho\\-e\'er,
pern-.itted direct comparison of the fre­
quency of the KBA signal with other
Jocal signals \\-ithout the construction of
special phase-tracking equipment. The
phase-locked oscillator was put together
from already available componcnts.

After several months of experience
\yith the automatic recorder, it became
obvious that the daily freqU'Dllcy shifts
at da\\-n and dusk changed in nature,
depending on the tirnc of ~'eal', and that,
even during daylight hours, some large
fluctuations seemed to occur. Further in­
vestigation seemed indicated if more
accuracy was to be obtained from the

'Loc. cit..

.......... .,

':.'::::::.~:::.::::::.:""""""'"
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Figure 4. Frequency-comparator records showing relative frequency of two local oscillotors with
respect to NBA. The record designated WS is that of GR's working standard; ES represents on experi­
mental standard; while NBA is a record of the oscillator phase-locked fo NBA. The records show the
frequency difference between eoch of these and a common reference oscillator. The units for the scale

ot the right ore parts in 108. The totol span of the recorder chart is 5.5 paris in lOB.
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Figure S. (left) Block diogrom of receiving system
using a photographic phase recorder. Inset
shows wave form of goted sweep Irigger.
(Above) Diogrom showing mechanism of in­
tensity-modulated oscilloscope disploy for pholo-

graphic recording.

vlf transmissions. Accordingly, a photo­
graphic technique was devised, after the
manner described by Pierce'_

The photographic recording system
is sho\\"n in Figure 5. The oscilloscope
sweep is triggered either by means of
the gated IOO-cycle s\\-ecp trigger shown
or by the ungated lOO-eyele signal. The
I-per-second sweep is used \\;th ::\BA to
ayoid s\\-eeping when the signal is not
present. The lOO-s,,"eeps-per-second ar­
rangement is used to record communi­
cations-keyed signals.

The use of a modiAed oscilloscope
camera with a synchronous-motor drive
on the film holder provides a number of
different sweep rates (in inches per hour
of film drive) for the recording film,
which is exposed one frame at a time in a
Polaroid Aim-back. The vlf signal in­
tensity modulates the trace on the
oscilloscope tubc. thc S""CCP speed on the
oscilloscope being set to show part of
two consecutive carrier-frequency cycles.
The s\\-eep-time calibration is thus de­
rived from the spacing between the
consecutive cycles rather tha.n from a
separate oscilloscope calibration. The
system can record signals with relatively
poor signal-to-noise ratio, since the use
of the 1'-7 screen and photographic re­
cording seems to produce approximately
20-db improvement in apparent signal-

to-noise ratio. It is probable that the
photographic method alone accounts for
most of this improvement, and that al­
most any phosphor can be used,

Photographic rccords made by the
method of Figure 5 are reproduced in Fig­
ure 6a, b, and c. )1inor fluctuations in
phase apparently occur quite frequently,
even almost continuously_ It is not im­
mediately apparent, howC\'er. that these
fluctuations are anything that can be
separated from the effects of impulse
noise, such as atmospheric static or
"sferics_ 11 In other words, thi.,,; recording
system records the noise along \Yith the
signal phase, One then makes frequency
calibrations by calculating the indicated
phase change per unit time and convert­
ing this figure to a frequency difference or
deyiation from the recei,'cd standard fre­
quency, IYiurnal phase shifts are readily
obscn'ed and calibrated, as shown by the
record of Figure 6a" Small instabilities in
either the received signal phase or the

Figure 60. Night­
time phose record
of NBA :;howing
diurnol phase

shift::,

1700 EST 0900
NBA MARCH 74 8 1962
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local standard oscillator are easily seen
and are free from the effects of the com­
plex time constants in the electro­
mechanical systems described aboye.

One particularly important advantage
of the photographic calibration method
is illustrated in Figure 6b which is a
record of t,,-o signals on one frequency,
which "-ere of different phase as received,
and which were keyed alternately. Both
signal phases are easily discerned in the
photographic record. "Vhcn this same
set of signals "-as applied to the servo­
driven phase-locked oscillator, it re­
sulted only in continuous hunting of the
servo system.

It is of interest to note the character­
istics of some of the signals recorded.
The signal from XP:\I oyer a ,,-est-east
path sho,,'s 5 stable phases during the
sunrise shift (Figlll'c 6c). The corre­
sponding sunset shift is smoothed or
blurred by the nature of the recombina­
tion process in the ionospherc after
sunset, ,,,hich results in a slower change
in effective height than that observed at
sunrise. As a simplified explanation, the
stepwise variation in phase may be
thought of as the result of a ray bouncing
bctween ionosphere and earth, with two
relatively stable ionospheric effectivc
heights and a transition zone bet"-een
them. The ray "'ill not change its path
length except at certain critical intervals

during which one or more of the reflec­
tion points is in the transition region as
the rotation of the earth causes the
transition region to move along the path.

As is readily apparent, the photo­
graphic phase-recording method pro­
vides the possibility of phase comparison
to within a very few microseconds under
most conditions. The over-all perform­
ance of this system is such that it call
provide, in a 24-houl' interval, frequency
calibration of a precision better than
± 1 X 10-to, even approaching a few
parts in LO~II. l\1ore refined photographic
techniques should be slightly better bllt
not by so much as an ordcr of magnitude,
in vie,,' of the propagation fluctuations
apparent even on these relatively un­
sophisticated photographs.

An inspection of these recordings indi­
cates "'hat the possibilities of the photo­
graphic method may proyide in the ,,-ay
of calibration data, and sen-es to
illustrate the excellence of simple cali­
bration methods which arc based on
sound basic principles.

A few remarks about the nature of the
vlf signals may be of interest to those
contemplating exploration of the vlf
spectrum. ·~VIost of the transmitters
,,-hose carrier frequencies are stabilized
arc used for communication. In the vlf
band, this generally means :'\Iorse-codc­
keyed c,,', although other types of

,~-

"""m
1&00 0900 1000 1100

JAN 24·2S JANUARY 25 __

I-c1lr.":Mi~ii-l
"""

6

Figure 6b. Photographic record showing phase of signals from NPG and NBA. Note Ihat recording
shows phases of both NPG and NBA on January 24, when their transmitters were being keyed alter­
nately. During the nighttime hours the time scale was compressed by slowing the fllm speed. Note

the sudden phase shift at sunrise.
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sion poth. Note the five
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of the signal during the

sunrise transilion.

modulation are occasionally used. The
first vlf standard-frequency station, GBR,

Rugby, England, is on 16.0 kc, and oc­
casionally 19.6 kc. All the stations of the
United States :'\aval Radio Service on
vir arc used for communications except
the NBA transmittel' on 18.0 kc (Panama
Canal Zone). The other stations are
NBS, Annapolis, IV[aryland, 22.3 kc;
KPG/NLK, Jim Croek, \Vashington, .18.6
kc; NP:'\'I, Lualualci, Ha"waii, ]9.8 kc;
and NAA, Cutler, JVfainc, 14.7 kc. The
~ational Bureau of Standards main­
tains WWVL on 20 kc and WWVB on 60
kc (Boulde.., Colorado) as standard fre­
quenc.\" transmitters, transmitting un­
interrupted carrier signals \\-ith :~\1orse­

code-keyed call-lette.. identification
evcry 20 minutes. The )[SF transmitter
(England) on 60 kc transmits continuous
carrier signals during its scheduled
operating times.

The XBA signal has all. approximate
radiated powe.. of 30 b\', keyed ,,-ith
time signals, also call-letter identifica­
tion and rated frequency offset from
AI' f..equency in ~Iorse code. In addi-

tion, some silent periods and locked-key
periods are observed. The strongest
signals are radiated by NAA (approxi­
mately 1 megawatt ..adiated pO\\'er) and
NPGj>leK (250 kw), with NSS (100 kw)
close behind, as is "PM (100 kw). The
wwve (20 kc) effective radiated pO\\'er is
estimated at 14 to 15 \mtts.

Rcceiving systems that depend on
uninterrupted carrier reception for cali­
bration are not generally successful when
tried with the keyed-carrier signals. For
example, extremely narro\\'-band filters
exhibit keying transients which may
obscure the desired phase information.
If the signal is not above the noise level,
the na ....ow-band filte.. has to be ve..y
carefully designed to avoid ringing,
which may completcl~~ mask the desired
signal. 1'his is especiall~' true in systems
employing voltage-sensitive trigger cir­
cuits. Tn general, the seryo-driven phase­
tracking receivers and the photographic
recording methods have proven more
reliable, with the photographic method
generally able to handle the widest
variety of signals.

·Al time is that lime scale in which the transition fre­
Quency of CC6ium is lIleasured as 9.192,631.770 cycles
per seoond. -F. D. LEWIS
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COAXIAL EQUIPMENT

WITH LOCKING-TYPE CONNECTORS

The locking version! of General
Radio's TYPE 874 Coaxial Connector*
is now standard equipment on 5eycral
instruments and coaxial elements. \\'ith
components fitted \yith these new con­
nectors, measurement setups can be
assembled that possess an exception­
ally high degree of mechanical rigidity
and electrical stability. At the user's
option, however, the locking feature can
be disregarded, and the basic quick­
connect/disconnect feature of the TYPF';

874 Connector will permit rapid changes
and substitution of parts. Further, since
both the locking and the non-locking
types arc completely compatible, either

l"iS"ew and Impro~'edCoaxial Connectors." Gmerol R(.dio
Ezperirmmltr, 35, 10, October. 1961.
·U.S. Patent Ko. 2,548,457.

can be plugged directly into the other.
Electrically, the voltage-standing­

wave ratio is essentially unchanged from
the low value that is characteristic of
TYPE 874 Connectors. Typical figures
for a pail' of locking connectors are:
< 1.02 up to 3 Gc and < 1.06 up to 7 Gc.

The shielding qualities of the locking
connector produce an outstanding gain
for measurement systems. Leakage is
down approximately 50 db belo\\· that
of the non-locking type.

Coaxial instruments now equipped
with locking-type connectors are the
TYPE 1602-B uHF Admittance :'1eter
and the TYPE 874-LB.-\ Slotted Line. In
the admittance meter, only the detector
connector, for mechanical reasons, re­
mains a non-locking type.

The following coaxial clements arc
now available \yith either type of con­
nector. 'l'hose \\·ith locking connectors
are identified by the letter L added to
the type number, as listed below.

7'ype Code Word Price

874-D20l
874-Do50l
874-EL-l
874-GAl
874·G3l
874·G6l
874-Gl0l
874-G20L
874-LAL
874·LK10l
874-LK20l
874-L TL
874-MRL
874-R22l
874_ TL
874-VCl
874·VQl
874-VRl

20-cm Adjustable Stub.
50-em Adjustable Stub.
Ell.
Adjustable Altenuator.
Fixed Atlenuator, 3 db .
Fixed AllenUCltor, 6 db.
Fixed AtienuCltor, 10 db..
Fixed Allenuator, 20 db.
AdjustClble line.
Constant-lmpodClnee AdjustClble line, 10 em
Constant-Impedance Adjustable Line, 22 cm
ConstClnt-lmpodClnce Trombone line, 44 cm
Mixer Rectifler....
Patch Cord.
Teo.
VariClble CClpacitor .
Voltmeter Detector.
Voltmeter Rectifler.

COAXCOUGAR
COAX.JAGUAR
COAXYl.l,A~IA

CO XYIIORSE
CO XYBISON
CO XBADGER
CO.-\XBEA VER
COA.XYCA.\IEL
COAXYTAPIR
COAXnllPI'O
COAXYRI-II:\O

COAX'·"'OOSE
COAX\'OTTER
co xn'!XER
CO XOCI~I,()'r

COAX~IONKEY

COAXYLE).IUR
CO.-\XAGOUTI

$16.00
19.00
10.50
67.00
38.00
32.00
32.00
32.00
27.00
42.00
42.00
97.00
34.050
10.00
14.00
61.00
32.00
32.00

3
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ROSE-COLORED GLASSES

FOR WHITE NOISE

4

Broad-band electrical noise, often
referred to as random noise) has proved
to be a remarkably useful test signal
when supplied by a controlled generator
such as the TYPE 1390-B Random-:\"oise
Generator" Such a signal, embracing a
wide range of frequencies and having a
randomly varying instantaneous ampli­
tnde, closely approximates the signals
normally encountered in many busy
communication systems. 2

The output of such a generator is
characterized by a uniform spectrum
over the frequency band to which the
instrument is set.\Vhen the spectrum
is uniform over a broad band, i.e. 20 cps
to 20 kc, the noise is frequently referred
to as "white" (constant energy per cycle)
in that particular band. If this noise
output is analyzed with. a constant­
percentage-bandwidth analyzer, such. as
the Tn'" 1554-A Sound and Vibration
Analyzer,3 the amplitude-frequency char­
acteristic of the white noise appears to

The Filter conneds diredly into 'he output termi­
nals of the Random-Noise Generator, as shown.

View of the
Type 1390-P2
Pink-Noise Filter.

slope upward with increasing frequency.
The bandwidth of the analyzer increases
in direct proportion to the frequency to
which the analyzer is tunccl. Since noise
voltage increases as the square root of
the bandwidth, it can be seen that the
voltage output of the generator increases
by a factor of 104 (3 db) ,,"hen the
analyzer frcquency is doubled, thus
giving thc amplitudc-frequency char­
acteristic a slopc of 3 db per octave.

If the random-noise generator is used
as a source for a system under test, and
if the output of the system is to be
analyzed by a constant-percentage­
bandwidth ana.lyzer, it is usually desir­
able to compensate for this sloping
characteristic at the output of the
generator. 'rhe rcsulting Olltput is then
knO\nl as "pink" noise,4 that is, noise
ha\'ing constant cncrgy per octa\"e.

' ..\. P. G. Pctc~n. "A New Generator of HaDdom
Fleetrical Koise," General Radio Ezperim~ntt:r. 34. I.
January. I~.
'S. S. Stcycns. J. P. Fll:an. and G. A. "liIler. "Methods of
:\ICSIlurinll: Speech Spectra." Journal 01 the Acoustical
Soriely 01 ."-,,,mca. \"01 19. Ko. 5, September. 1947,
pp 771.780.
~J. J. Faran, "A :\'ew Anal~'zer for Sound and \·ibnl.tion."
Gent:Trn Radio Erptrimmter. Xl, 12. December. 1959.
-C. G. :>.ta)·o and n. G. Beadle. "F:quil)lIlcnt for Aoo~tie
:\ICSIlurt'lllcnts (Part 4)," Bltdronic Enginemtlf}. Yol 23,
Deccmber, 19.:'>1. Ilil 462-16.:'>.
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(Upper curve) While noise output of the Type 1390-8 Random-Noise Generator 0$

measured by (I one-third-octove bondwidth and (lower curve) pink noise output
of the flIter.

The Type 1390-1'2 Pink-)loise Filter
convcrts the electrical output of the
random-noise generator from f\vhitc"
noise to "pink" noise in the audio­
frequency range. It is designed to plug
into the output binding posts of the
TYPE 1390-B Random-!\"oise Gcnerator,
but can also be used at any point in a
system whore such a filter characteristic
is needed, provided that the source
impedance is less than 1 kilohm and the
load impedance is at least 20 kilohms.
The input terminals arc recessed plugs
at the rear, and the output terminals arc
binding posts on the front. For shielding,
the case of the filter is grounded to the
low input and output terminals.

This ne low-pass filter has an
amplitude-frequency characteristic of
-3 db per oetaYe from 20 cps to 20 kc.
Beyond 20 kc the attenuation has been
made Gdb pel' octave in ordor to roduce
the unwant('d froquencies outside the
audio-frequency range.

Pink noi;:;{' has been found to ha\'e a
wide variety of applications. Some

6~1. C. Jloltje and \1. .I. FiI7.lTIorris, "A Graphic Lcvel
Recorder with lri\i:n S('n~ili"it)' and \'·ide Rangc8,"
General Nadio Experime'ller, 33, 6, June, 1\:159.

noises that occur in nature, such as the
low-frcquency noi:-o in sernirollductors
and certain acoustical background noises}
are closol' in spectral charactf'ristirs to
pink noise than to white liaise. To simu­
late electrical signals generated in ~uch

cases, it is con"enient to use pink noise.
Frcquency-response measurcments on

electroacollstical and electromechanical
equipment const itute the most im­
portant use. \Vith ~ine-\\'a\'e excitation,
measurement results are difficult to
interpret because of the lal'ge ampli­
tude fluctuations that ITlay OCClIl'. \Vhen
the data arc averaged oyer a narrow
range of frequencies. the response cur"e
is considerably smoother and much
easicr to usc. H\Varblc tones" arc often
uscd for this purpo~e. A more cOl1\'enicnt
method, ho\\'ever, is to use pink noise
as the tone SQure'e and the TYPE 1554-A
Sound and Vibration Analyzer. with one­
third-octave bandwidth, as the nWflsur­
ing system. The frequency-response
characteristic can be automaticaIl.y re­
cordod \I'ith the TYPE 1521-.\ Graphic
Level Recorder. ~

-J. J. FARAN

5
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SPECIFICATIONS

Over-oil Output level: When the filter is used
with the Handom-:"oise Generator, set for the
20-kc range, the output voltage of the filter is
appro'\:imately 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 genemtor indica1es
3 volts, the output of the filter is Itpproximatcly
0.1 volt, and the level in each one-third-octavc
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 vurinble from 6.5
kilohms + load resist~lIlceat 7ero frequency to
6.7 kilohms at high frequencies.
Output Impedance: The filter should not be
operated into a load of less than 20 kilohms.
Internal output impedance is vnriable from
6.5 kilohms + SOUf('e rcsistalwo fit low fre­
quencies to approximately 200 ohms at high
froquen( ios.
Input Voltage: 15 volts rms, maximum.
Terminals: fnput terminals nre rocessed banana
pins on %-in('h spac'ing at rear of unit. Output
terminals nrc jack-top binding posts ,dth
%-in('h spacing.
Dimensions: \\'idth 1%, height 5, (lepth 23/s
inches (35 by 127 hy 73 mm), o\er-all.
Net Weight: 5!1 OUIKes (155 g).

,

0
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1"'-
1'. ........ I

0
I II'.",I

I
I"

0

I \
0, ~, ,., '0" 100 .<

.,

Frequency Response: Sloping at the rate of
-3 db per octave from 20 cps to 20 kc. Sloping
at the rate of -6 db per octave at all higher
frequencies. Output voltage is approximately
-5 db with respect to the input. voltage at
20 cps and -35 db at 20 kc. It lies within 1 db
of the straight line connecting these two points
on a graph of output in decibels vl:llog frequency.

Atten uorion -freque ncy characteristic
of the Pink-Noise Filter.

.,

Type I
--'-39-0-'.-'-2-- Pink-Noise Filter.

Code Word

FATAL

Price

$45.00

A lO-MICROFARAD DECADE CAPACITOR

15" G .--

~
;"? ~~
_ ,.' 0 0

0 0 , ~ ~ 6 ~

, ,,",

~.' .

,..~~

~
0

0

0 0 :::~

Following the successful introduction
of the TYPE 1424-A Standard Poly­
styrene Decade Capacitor in June 1961,1
it appearcd that many users of a 10­
microfarad-total decade might not need
its sophisticated performance specifica­
tions. Accordi ngly, another version of
this decade capacitor, the Tn" 1424-:'11,
is being introduced, having less rigorous
performance specifications and being
appreciably lower in price. It is made
from twenty Yz-microfarad sealed foil-

IP. K. .\lcElroy, "A ~ew 100r.Iicrofarad Capacitanoo
Standard," General Radio ExperimenteT. 35. 6, June, 1961.

6



paper capacitors, of noninductive or
extended-foil construction, employing a
viscous impregnant to improve stability
with time and position as compared to
older types of paper units. Despite the
difference in form of the capacitors, the
effective internal inductance is about the
same as that of the TYPE 1424-.'1.. and

JULY, 1962

the natural pcriod of the capacitor with
the terminals shorted is also essentially
the same.

In appearance the TYPE 1424-M
Decade Capacitor resembles the TYPE

1424-A; dimensions are the same except
for depth, which is l~ inches less.

- P. K McELROY

SPECIFICATIONS

Nominal Value: 0 to 10 microfarads, in steps
of 1 microf:lrad.
Adju5tmen' Accuracy: ±I % at 1 kc.
Stability: Change is less than ±O.35% per year.
Frequency: C:llibrated at Ike. \'ariation with
frequelilcy down to (jO cps is I~rpically less thun
+0.7%. At higher frequencies, telminal ca­
pneitanr'e rises as resonant frequenc)', fo, is
approached (see cur,es). '1hc increase can be

calculated from ~ = (f)~' i" varies from

approximately 570 kc at I }.If down to 2"'0 ke
at 10 p.f.
Voltage Recovery: Less than 5%. final, of
original charging voltnge after a charging
period of 1 hour, and a IO-second disehurge
through a resistance eqlwl to olle ohm per
volt of (·harging.

Dinipation Factor: Less than 0.005 at 1 kc. (See
curves for variation \dth frequelley.)

Temperature Coefficient: Approximately +180
ppm per degree C.

Maximum Operating Temperature: 90 C.

ln5ulation Rui5tance: Great.er I,han ten thousand
ohm-farads.

Maximum Voltage: 500 volt.s peak, up to 2 kc.

Mounting: Aluminum cabinet and panel,
finished in gray.

Terminal5: A separate ground terminal is
provided, permilling 2- or 3-tcrminal use.

Dimension5: Width 8, height 6, depth 97'2
inches (205 by 150 by 2"'0 mm), over-all.

Net Weigh.: 7% pounds (3.5 kg).

n',----,----,-----,----"'-rcrr---,

c n~I------+-----+-----I__~~"----I--__I

QOO:~o,::----,"'oo!-,::-----;,!:",-----±,---~~±:----.-!

(Leh) Variation in
diuipation foetor
with frequency.

(Right) Percentage ~ ~====~====~:::=-...~~~~~~-ichange in capacitance ~I" Ir
with frequency.

Type I
-~1-4":24-'-_-M-- Decode Capacitor .

Code Word

REFI::R

Price

$195.00

7
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NEW VARIAC® AUTOTRANSFORMER

WITH BUILT-IN VOLTMETER

This llmy VARIAC autotransformer
consists of a TYPE \V5 VARIAC Auto­
transforrner and a voltmeter, mounted
in a metal case, finished in hammertone
gray, with switch, cord, plug, and con­
venient carrying handle. Line cord and
output receptacle are 3-wire types. A
double-pole on-off switch disconnects
both sides of the input-line. The load
circuit is protected by a circuit breaker.

SPECIFICATIONS

Input Volts: 120.

Frequency: 50 to 60 cps.
No·Lood loss: 9 watts.

Output Volts: 0 to 140.

Maximum Load Current: 5 amperes.

Voltmeter Range: 0 to 150 volts.

Terminals: Line, 3-wire cord and plug. Load,
3-wire output receptacle.

Dimensions: (TYPE \V5 case) Width 4.J/g, height
6~, depth 572" inches (125 by 170 by 140 mm),
over-all.

Net Weight: 8M pounds (3.8 kg).

Type I
--W-S-M-T-'-V-M-- Metered Vorioc® Autotransformer.

U.S. l)o.lent "'0. 2.94~U)92.

Code Word

DANDY

Price

$54.00

Vacation Closing

During the weeks of July 23 and tion, will receive our usual prompt
July 30, our :Manufacturing Depart- attention. Our Service Department re­
ments will be closed for vacation. quests that, because of absences in the

There will be business as usual in the manufacturing and repair groups, ship­
Sales Engineering and Commercial Dc- ments of equipment to be repaired at
partments. Inquiries, including requests our plant be scheduled to reach us
for technical and commercial informa- after the vacation period.

General Radio Company
8
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ACCURACY, PRECISION, AND CONVENIENCE

FOR CAPACITANCE MEASUREMENTS

The direct-reading accuracy of 0.01%
in the new TYPE 1615-A Capacitance
Bridge here being introduced is an im­
provement of an order of magnitude in
accuracy over most preceding bridges.
This has heen made possible hy the
improvements introduced in recent years
in standards of absolute capacitance, in
capacitance bridges, and in reference
capacitors at the ='Jutianal Bureau of
Standards' and other standards labo­
ratories. T'he computable cross capacitor
developed at the i\"ational Standards
Laboratory of Australia by Thompson
and Lampard' has made it possible to
determine the unit of capacitance with
an accuracy that is now a few parts per

million and ,,·hieh may be expected to
improve. The ad,·antages of ratio trans­
formers and of transformer ratio arms
in bridges, exploited initially ill Great
Britain and then morc fully in Australia,
have been utilized to increase the pre­
cision of measurement and to extend the
range to capacitances below 1 micl'o­
picofarad (10-1S farad). Furthermore,
the reference capacitors used to store
and transfer the capacitance unit haye

1.\1. C. .\leGre~or. J. F. Hersh, R. D. Cutkosky. F. K.
Harris, and F. n. Kotter ... ;.lew apparatus at the ;../ational
Bureau of Slundards for ubsolute capacitance mcasure­
mcnt." IRE 1'ran8. OIl In8!rumenlalion. \'01. 1_7. pp
253-261; Deecmber. 1958.
1,\ . .\1. Tholllp»otl. and D. a. Lampard, ",\ New Theorem
in E1eetrostatics and it!! Application to Calculable
Standards of Capacitance," Nature, 177.888 (1956).

Figure 1. Ponel view of the Type 161S-A Copocitonce Bridge.
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been improved by the use of three­
terminal construction to minimize con­
nection errors, which limit accuracy in
capacitors of 1000 pf or less,' and by the
use of new construction methods, low­
temperature-coefficient materials, and
scaled containers to increase the stabil­
ity. \Vith this new apparatus, the
Kational Bureau of Standards can now
certify capacitors to an accuracy of
50 ppm or better.

~1any of these improvements ha"e
also been incorporated into the ne\\"
TYPE 1615-:\ Capacitance Bridge. This
bridge has transformer ratio arms fot'
accuracy and stability. Its internal
capacitance standards are three­
terminal, sealed capacitors having low
temperature coefficients. 'I'he bridge has
six-figure resolution fol' capacitance from
1 jJ.f to 1 pf and a direct-reading ac­
curacy of 0.01% o"er this capacitance
range and o"er most of the frequency

range from 100 cycles to 10 kc. The
impedance of the transformer ratio arms
has been kept very 10"·, so that accurate
three-terminal measurements can be
made even in the presence of large
capacitances to ground. The bridge also
has the necessary internal shielding to
permit one terminal of the unknown to
be grounded, so that both t,,·o-terminal
and three-ienninal measurements can be
made O\'er the \\"hole capacitance range,

The balance controls arc b·cr-type
s\,·itches, the readont is digital, and
the decimal point is automatically
positioned.

These features, and others described
below, result in a capacitance bridge
that brings to the measurement of
capacitance, to the intcrcomparison of
standards, and to the Incasurement of
dielectric properties an unusual degree
of accuracy, precIsIOn, range, and
convenience.

TRANSFORMER RATIO ARMS

4

::\Iany of the advantages of inductively
coupled, or trn.nsformer, ratio llrms have been
known since about 1888, and they are covered
in detail in the 1928 British patent of A. D.
Blumlein. Little use was mndc of them, how­
ever, until about the time of World \,"ar IT,
when new applications were found in the
measurement of very small capacitance. Since
that time, transformer ratio arms have become
increasingly popular in commer('ial bridges ~lS

well as in the apparatus of the national stand­
ards laboratories.

The advantages of sueh ratio arms are that
accuracies within a few parts per million are
not difficult to obtain over a wide range of
integral value,;, even for ratios as high as
1000 to I, lind that these ratios arc almost
unaffected by age, temperature, or voltage.
The low impedance of the trnnsformer ratio
arm also makes it easy to measure direct
impedances and to exclude the ground im­
pedances in a three-terminal measurement
without the lise of guard circuits and auxiliary
balances.

To illustrate these characteristics, a simple
capacitance bridge with transformer ratio
arms is shown in Figure 2. On the toroidal core.

.J. F. Hersh. "A Close Look at Connection Errors in
Ca~citance l\1ea.surementlJ;." Gtneral Radio Experi­
mmJ.er. 33, 7, July, 1959.

a primary winding, conneded to the generator,
serves only to excite the core; the number of
primary turns, N 1', determines t.he load on the
generator but does not influence the bridge
Iletwork. Tf all the magnetic flux is confined
to the core-as it is to a high degree in a sym­
metrieally wound toroid with a high-perme­
ability corc-the ratio of the open-eircuit
voltages induced in the two secondary windings
must be exaetly equal to the ratio of the
number of turns. The ratio cnn be changed by
the usc of t:1PS along the two secondaries, but,
when the number of turns is fixed, the voltage
is highly invnrianl. Changes in the core perme­
ability wilh time and temperature have only
second-order effects on the ratio, because they
modify only the very small amount of leakage
fiux that is not confined to the core in a practi('a(
transformer. The ratio is, therefore, both
highly accurate Ilnd highly stable.

Tn Figure 2, the two transformer secondary
windings Ilre used as the ratio arms of the
capacitance bridge with the standard capac­
itor, ex, and the unknown. ex. as the other
two arms in a conventionnl four-arm bridge
network. The condition for balance or lero
detector current is easilv shown to be that
l'xC.\· = l'xCx orCxlCx .= 1'.\"/1~x = XxlS x .
This b:1lanco condition is not affected by the
capacitances shown from tho IT and L terminals
of CN and ex to the terminal G connected to
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Figure 2. A capodtance bridge with
tron5former ratio arms.

~he junction of the ratio arms. The capac­
Itances between Land C shunt the detector
S? thnt th~y afTect only the bridge sensiti'"it:/
1 he cnpacltnllccs between Hand G :lre across
the transformer windings. To the extent that
t1~e transfo:mer ('a.1l be assumed idenl, i.e.,
wIth n.o resistance III the secondary \\'inrlin,l!;s
and with no flux that docs not link equally
both secol~daries, the current drawn by the
11-0 capacltanees does not ehange the voltages
VN 1~lld Jl x or the balance conditions. In
prncllce,. the transformer resistances and
lea,kage llld~ctances can be kept so small that
qllltc low lInpedan('cs or lllrge eupu('itan('cs
Call be cOllnected from H to G before there is
appreci~lble ~rror in the bridge.

The JunctIOn of the ratio arlllS G is there­
fo~c n guard point or gmtrd pot~ndal in the
bridge. All ('up<lcit.allces to G from the H or L
corners of the bridge are exduded from the
measurement. In the three-terminal c:lpacitors
reprcsent~ by the H, L, G terminals in Figure
~, the bridge measures only the direct capac­
It,lUce, Cx, of the unknown in terms of the
dirc~_'~ c:lpacitance! C.,:' of a standard, without
addltlon:ll guard ClrcUlts or balances.

One ('an take advantaJ1;e of the accurate and
stable ratios of the transformer bv the use in
the bridge of a standard arm w!lich is fixed
Hnd l:'. mtio which can be v<tried to balance
the bridge.

Figu.re 3 sho~\·s three of the possible ways of
~Hlall(,lnl{ a slll~ple .lran~f~mner-ratio capllc­
ItallCC .brldge. "or slmpllc'lty, the generator
und primary arc not 8ho\\·n, but it is assumed
thnt the two secondaries have 100 turns eaeh
a~ld are ex~'iled. so that there is I volt per turn.
'I he capM'ltor III the unknown ::lrm is assumed
to be 72 picofarads.

Tn Figure 3a, the two ratio arms are equal
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and the bridge is balanced in the conventional
:way .with a variable standard cnpacitor which
IS adjusted to 72 pc.

The detector current Call equally well be
adjusted by a variation in the voltage applied
to 11 fi~ed stnndard capacitor. In Figure 3b
th~ s~:lIld:Hd capacitor is fixed at 100 pf, and
tillS IS balanced against the 72-pf unknown
connected to the 100-volt end of the trans­
former by connection of the standard to 72
vo.'ts of the opposite phase, obtained from
s~lIul.~le taps o.n. the transformer windings.
1 he lIlduetl:-re diVider shown hus a winding of
100 turns \\'Ith taps every 10 turns and on the
same ('ore, another winding of 10 turns'tapped
every turn. If, as shown, the second winding is
connected to the 70-volt tap on the first wind­
ing and the capacitor to the 2-volt tap on the
second windi!lg, th~ required 72 volts is applied
to I~~ Capa.cltor. SIX or more decades for high
pretlSlon can be obtained in a similar fashion
with more turns on one core and the use of
additional cores driven from the first. Such
induetive. dividers have very tlccurate and
stable ratlos, bUl the crrors increase with the
number of decades bec:llIse of loading effects.

:~Il(:~the~ metho~ o~ balance by voltage
varmtlon IS shown III Figure 3<', where a single
dccnde divider is used in combination with
multiple fixed capacitors. The lOO-turn sec­
ondnry is tapped every 10 turns to provide
Io-volt increments. If, then, :l 1000pf capacitor
is cOI~nected to the 70-volt tap and a lo-pf
Cl)pacltor to the 2O-volt tup, the resulting
detcctor current balances that of the 72-pf
unknown connected to 100 volts. This bridge
can be given six-figure resolution, for cxa.mple,
through the use of six fixed cupacitors in
de(~iLde steps from 100 pf to 0.001 pf, each of
wll.lC'h can be conneeled t.o IIny one of the
taps on the transformer.

In tUl.y of these bridges, the bridge ratio cun
also be varied by use of tnps on the unknown
side of the transformer to vary the voltage
npplied to the unknown capacitor. For exam'ple,
if the unknown capacitor were connected to a
Io-turn or Io-volt tap on the upper half of the
tmnsformer, then a c~lpacitan('e of 720 pf
instcnd of 72 would be balanced by the standard
c~lp~)citors shown. The range of the bridge can
thus be extended to measure capacitors which
are much larger than the standards in the
bridge.

'8~~
r1X(O RATIO ~ULTIPL[ OIVID£RS SINGL£ OIVIDOt·

VARIA9L( CAPACITOfIS SI""lL[ FO([O CAPACITOR ~I-'.TIPL[ flX[O
CAPACITORS

Figure J. Methods of bolondng copadtance
in a tronsformer-rotio bridge.
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These advantages of transformer ratio arms
and dividers make possible a bridge of very
wide range and high accuracy, since not only
are the ratios stable and accurate but, when
only it few fixed capacitors are required as
standards, the standards can be constructed to
have high stabilil..y and accuracy. This bridge
can also have a wide mnge of frequencies. At.
low frequencies, a limit is imposed on sen­
sitivity by the maximum voltage obtainable

from the transformer, since, for a given core,
the voltage at saturation is proportional to
frequency. At high frequencies there is a de­
crease in accuracy resulting from the decrease
in core permeability with frequency, from the
increased loading of the transformer by its
self-capacitance as well as the bridge capac­
itances and, of course, from the usual residual
capacitances and inductances in the bridge
wiring and components.

THE TYPE 1615-A CAPACITANCE BRIDGE

0.01

-0.1

Figure 4. Elemenhuy schematic diagram
af the copacitonce bridge.

"o

To extend the range to smaller
capacitances, two additional standards
are used, of 0.001 and 0.0001 pI. This
yields two more ranges, 0.0001 pf to
100 pf and 0.00001 pf to 10 pI. There
are, therefore, eight standard capacitors,
only six of which are used for anyone
range. The connections of these capaci­
tors arc made by the same range switch
that selects the transformer taps.

With this combination of eight in­
ternal standard capacitors and four
voltage ratios to which the unknown
can be connected, the capacitance range
of the bridge extends from a maximum
of 1.111,110 pf to a minimum step of
0.00001 pf or 10-11 pI. The capacitors
and ratios used for each range are
indicated in Figure 5.

on
STANDARD

---------~ "

,,-=:;-_1 UNKNOWN' ---'

-I ~x.r

------' ~---...::..
O,~_------' .,

..- - - - - - - - ---i~ +--",~",,~.?---!,,<-j

CAPACITANCE
The new TYPE 1615-A Capacitance

Bridge is a transformer-ratio bridge of
the type that uses a single decade of
transformer voltage division and mul­
tiple, fixed, standard capacitors to
provide six decades of resolution in
capacitance. As shown in the elemen­
tary diagram of Figure 4, one side of the
secondary of the ratio transformer is
tapped at intervals of one-tenth, and to
these taps can be connected six standard
capacitors in any combination required
to balance the bridge. If, for example,
the standards connected to the six­
decades switch are 1000, 100, 10, 1, 0.1,
and 0.01 pf, the range of unknown that
can be balanced is from 1000 pf to 0.001
pf when the unknmvn is connected to the
full voltage of the other secondary of
the transformer. This unknown side of
the transformer has, however, a tap at
one-tenth of the full voltage, so that
when the unknown is driven from this
lower voltage, the range is multiplied
by ten, and an unknown up to 10,000 pf
or 0.01 pf can be balanced by the same
internal standards. The range is ex­
tended still further by further division
of voltage on the unknown side through
a second transformer or inductive
divider driven from the 0.1 tap on the
ratio transformer. This second divider
provides additional ratios of 0.1 and
0.01, so that, with the voltage applied
to the unknown reduced to 0.01 and
0.001, the bridge is given two more
ranges of O.l-,uf and l-,uf maximum
capacitance.

6
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lOSS
To obtain a preCISIOn of six figures

in the capacitance balance, the loss
balance must be made equally precise.
As shown in Figure 4, the loss balance
in this bridge can be made in terms of
either the dissipation factor, D, or the
shunt conductance, G, of the unknown.
For most purposes, dissipation factor
offers the greater range and convenience.
Conductance is useful in sorne measure­
ments of dielectric materials and is
necessary when external standards are
added to the bridge and when the loss
in the bridge standards exceeds that of
the capacitor being measured.
Dissipation Factor

The dissipation-factor balance is made
by means of four resistance decades

connected in series with the common
side of all the internal capacitance
standards as shown in Figure 4. Since
D = wIlC,., where C,. is the total capac­
itance connected to the junction of the
capacitors and resistors, the resistance
decades can be calibrated to read D
directly at a particular frequency, in
this case at 1000 cps. With four decades
of 100, 10, I, and 0.1 ohms per step and
with the total capacitance adjusted to
0.001592 ~f, the range of D at 1000 cps
is from 0.01 to 0.000001. At other
frequencies, the indicated D must be
multiplied by the frequency in kilo­
cycles. To extend the range to higher
D, additional capacitors are added by a
range switch to make C,. = 0.01592 ~f

for a maximum D of 0.1 and to make

7
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CT = 0.1592 ~f for a maximum D of l.
This capacitance added between the
resistors and the transformer end of the
detector does not change the capac­
itance balance.

Although the bridge has only four­
figure resolution in D, this precision is
adequate for the six-figure capacitance
balance of capacitors whose D is 0.01
or Jess, since the smallest division of
the 0.01 range of the D decades is one
part per million.

Conductance, G

Balance of loss in the unknown in
terms of shunt conductance, 0, is
provided in this bridge by the equivalent
of four decades of conductance in parallel
with the internal capacitors, as shmn)
figuratively in Figure 4. The con­
ductance needed for the loss in most
capacitors is small, corresponding to
resistance much greater than a megohm,
so that ordinary resistance decades
cannot be simply connected across the
capacitors. It is simple, however, to use
resistance decades in a T net"mrk to
obtain a variable conductance. 'Vith
] DO-kilohm resistors as the series arms
and the same four resistance decades
used for D as the shunt arm, the range of
G is from 0.1 ~mho to 0.00001 ~mho. The
conductance is reduced by a factor of
ten when the network is s\yitched to the
0.1 tap on the transformer instead of to
the full \Yinding, and the range is then
from O.OJ to 0.000001 ~mho. When the
loss in the external or internal capacitors
exceeds that of the unknO\Y11, the bridge
must be able to add loss to the unknown.
\~Tith the cbnduetance balance of loss,
the T net\york can be readily s\\"itched
to t.he taps at full or tenth voltage on the
unknown side of the bridge to provide
the same t\\"o ranges of conductance
across the unkno\\"n (- G) as there are
for conductance across the internal and
external standards (+ G).

ACCURACY
The aceuracy of the bridge is deter­

mined primarily by the accuracy of the
transformer ratios and by the accuracy
of the internal standard capacitors. The
accuracy of the ratios depends upon the
magnitude of the ratio, upon frequency,
and upon the load eonnected to the
transformer. The accuracy of the capaci­
tors, whieh depends initially upon the
accuracy of the reference standard with
which they are calibrated, is usually
limited subsequently by the changes
produced by aging and by fluctuations
in temperature, pressure, and humidity.
To achieve an accuracy of 0.01 % in the
bridge reading over a wide range of
frequency and capacitance and without
frequent recalibration, particular care
has been taken in the construction of
the transformers and capacitors.

Transformers

Relatively low numbers of turns are
used in the transformers to keep the
leakage inductance, stray capacitance,
and resistances of the \dndings so small
that the ratio accuracy remains high,
even with loads greater than 1 .uf and
frequencies above 10 kc. These small
residual impedances make it possible,
for example, when a lOOO-pf capacitor
is being measured at 1000 cps with unity
ratio, to load the transformer with as
much as 1 .uf of ground or cable capaci­
tance before the error in the measured
direct capacitance exceeds 0.01 %. The
small bridge inductances are not insig­
nificant, however, when high capacitance
is measured at high freq.uency, and the
bridge error is then of the order of

+0.002% C,f C%OO)" if no correction

for the inductance is used.
The accuracy of the ratios when the

transformer is light.ly loaded is better
than 0.1 part per million for the unity
ratio and is better than 2 ppm for the
0.1 ratio at 1000 cps or lower frequencies.



The winding self-capacitances act as a
load as frequency increases, so that the
error in the 0.1 ratio increases to about
20 ppm at 10 kc and to 0.2% at LOO ke.
"'hen the auxiliary transformer is con­
nected for ratios of 0.01 and 0.001, the
ratio errors are increased by the loading
effects of the input impedance of the
auxiliary transformer. These errors can,
howm-er, to a large extent be eliminated
by compensating impedances, and the
0.01 and 0.001 ratios in the bridge arc
adjusted to within ±20 ppm in the
frequency range below 10 kc. The phase
errors are, in general, somc\yhat larger
than the magnitude errors of the ratios.
At 1000 cps, the I'hase error is probably
within ±10 ,uradians, but the error
increases in approximate proportion to
ratio and to the square of frequency.

Capacitors

The internal standard capacitors are
constructed to have such small changes
with time, temperature, and environ­
ment that the initial calibration to
±0.01% may be expected to change less
than 0.01% per year in normal use. The
temperature coefficients of the 1000-,
100-, and 10-pf units, which arc Invar
multiple-plate capacitors, are less than
5 ppm;oC; the coefficients of the Invar
Zichner-type 1-, 0.1-, and O.OI-pf units
and of the cylindrical 0.001- and 0.0001­
pf units arc less than 20 ppmj'C.

For almost zero changes of capaci­
tance with atmospheric pressure and
humidity, all b'" the two smallest ca­
pacitors are hermetically sealed in an
atmosphere of dry nitrogen. 'This scaling
is necessary whcre stability of bcttC'r
than 0.01% is expected, because in
an unsealed capacitor the capacitance
changes about 2 ppm for each 1%
change in relative humidity; hence a
50% change in humidity produces a
0.01% change in capacitance. And the
pressure change, for example, resulting
from moving the capacitor from the
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near-sea-Ievel altitude of Washington,
D.C., to the more than 5000-ft altitude
of Boulder, Colorado, produces a capaci­
tance decrease of about 0.01 %.

'1'0 minimize long-term drift, all metal
parts of the capacitors are Invar to
avoid diffcrential stresses, and they are
annealed and temperature-cycled to
relieve strains and to accelerate the
initial aging.

The bridge can be calibrated quickly
and accurately by the measuremcnt of a
single calibrated external standard ca­
pacitor of almost any size within the
range of the bridge. Since the six-figure
resolution of the bridge permits com­
parison with a precision better than
0.01% down to 1 pf, the accuracy of
calibration is usually determined by the
accuracy of the standard. Only one
external standard, most conveniently a
three-terminal lOOO-pf standard,' is
required because the accurate, internal
0.1 transformer ratio can be used to
insure an accurate ratio of the internal
capacitance standards. .A -1 position on
each capacitance leyer switch connects
the corresponding internal capacitor to
the 0.1 tap on the unknown side of the
transformer. This capacitor can be
comparcd with the next decade capaci­
tor, which is connected to the maximum
voltage on the standard side "'hen the
adjacent lever is set on the x position,
and any adjustments requircd can be
made with trimmers accessible beneath
a sliding em-er on the bridge panel.

Such checks or reealibrations of the
bridge need not be made often.

Loss

Although the accuracy of the measure­
ment of loss is not important in the
measurement of many capacitors, the
TYPE 1615-A Capacitance Bridge makes
possible measurements of dissipation
factor to an accuracy which excceds

-The TYPE 1404 Reference Standard Capacitors arE'
recommended. These will be described in a subseQuent
issue.
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that of most capacitance bridges, This
accuracy of (±O,l% + 10 ppm) of the
measured value is applicable over the
whole D range and over nearly all the
capacitance and frequency ranges. At
lmv frequencies and small capaeitance
the accuracy will be limited by the re­
duced sensit.ivity of t.he bridge, At high
frequencies and at ratios other than
unity, the phase errors of the transform­
ers \dll reduce the accuracy. ·Within
these extremes, the accuracy of the D
reading is determined by the resistance
decades, which are adjusted within
±0,05%, and by t.he t.otal capacitance
connected to the decades, which is
trimmed to adjust the Dreading t.o
within ±O,l% when a standard of
known D is measured.

1'he loss measurement in terms of
shunt conductance, G, is limited to an
accuracy of ±(l% + 0.00001 pmho) by
the accuracy of the lOa-kilohm resist.ors
used in the T network. Higher accuracy
is seldom needed. It would not only add
to the cost but would also reC}uire
corrections to the bridge G reading.
These corrections, amounting to a
maximum of 2%, are due to the non­
linear relation between the decade re­
sistance and the equivalent conductance
of t.he net.work,

The loss mea~ured by the bridge as
either D or G is the loss of the unknown
capacitor relative to the loss of the
internal standards. Since the bridge
capacitors are carefully cleaned and
sealed in dry nitrogen, it is estimated
that their dissipation factor does not
exceed a few parts per million. The
accuracy of absolute loss measured by
the bridge is, therefore, the same as
that of the loss relative to the bridge
capacitors.

CONVENIENCE

Readout and Balance (Refer to Figure L)
Past experience leads many of us to

picture a bridge of very high precision

and accuracy as a massive but delicate
laboratory instrument which, when
handled with considerable care, coddling
and some cunning, may yield an ac­
curate value for capacitance only after
the application of numerous corrections.
The TyPIO 1615-A Capacit.ance Bridge
in no way fits this picture. The moderate
size and weight of t.his bridge permit it
to be moved about the laboratory \\-ith
ease, and the bridge is sufficiently rugged
to be transported into the field should
its accuracy be required there_ It is
easy to balance, easy to read, and the
reading is accurate \\-ithout corrections.

A feature \yhich contributes much to
the ease of balance and of reading is the
use of lever or lineal' rather than rotary
switches for the decades. The small
panel space occupied by these switches
makes it possible to position the six
decades and range switch for capac­
itance and the four decades and range
switch for loss ,,-ithin the span of the
operator's right and left hands, re­
spect.ively, The t.hro,," of the s,,"itches
is about three inches, so the 12-position
range of any decade can be covered with
only a slight motion of hand or finger.

The position of each decade is in­
dicated by a number appearing in the
window above each lever. The bridge
capacitance readout thus appears in the
convenient form of six closely-spaced
digits in a horizontal line and the D
or G readout as a similar line of four
digits, As the lever at t.he right. is moved
to change capacitance range, the deci­
mal point is automatically positioned
in the six-figure readout to indicate
without multipliers the capacitance in
picofarads from a maximum of 1,111,110
pf to a minimum of 0,00001 pf. The
lever on the left similarly moves the
decimal point when the D range is
changed to indicate direct.ly t.he dis­
sipation factor. "fhe decimal point is
also positioned automatically to read
conductance in micromhos, but since G



must be multiplied by the factor M, this
factor is indicated in orange engraving
adjacent to each position of the C hL\X

range switch lever. This multiplier is
required only for G and for external
standards, and the orange color is used
on the panel to indicate all quantities
to which M must be applied.

Bridges of high precision are often
reputed to be bridges which are not
easily balanced. In spite of its wide
range and high precision, the T'YPE

1615-A Capacitance Bridge can often
be balanced with more ease and speed
than bridges of lower range and ac­
curacy. For example, when even the
approximate magnitude of a capacitor
is not known, a rough balance can be
made quickly on this bridge by the use
of the maximum capacitance range,
so that the six decades cover the range
from 1 ~f to 1 pf and the six le\-ers can
be tried in quick succession to determine
the balance point without a change in
range. The -1 position on each of the
capacitance decades, which was men­
tioned above as useful in the self­
calibration of the bridge, also facilitates
balance in the region ncar any zero by
permitting a trial reduction of bridge
capacitance by one step in a decade
without the necessity of moving the
adjacent lever.

Connection of Unknown

'rhe convenience of the balance con­
trols is matched by the convenience
\,"ith which various types of capacitors
can be connected to the bridge for
measurement. Two types of connector
for the unknown capacitors are pro­
vided at the upper right corner of the
bridge panel: a pair of TYPE 874 Coaxial
Connectors and a set of three TYPE 938
Binding Posts with standard %-inch
spacing. For three-terminal measure­
ments with complete shielding, as is
required particularly for very small
capacitance, three-terminal capacitors,
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such as the TYPE 1403 Standard Air
Capacitors and TYPE 1422-CD Precision
Capacitor, can be connected "ith coaxial
cables to the coaxial bridge terminals.
Capacitors hadng other common types
of coaxial connectors can also be con­
nected to the bridge terminals by the
use of the appropriate TYPE 874-Q
Adaptor. Capacitors, such as the TYPE
1401 and TYPE 1409 Standard Capac­
itors, which have TYPE 274 Plugs as
terminals, can be plugged into the jack­
top binding posts. The binding posts
can also be used for the connection of
patch cords and leads of many types.

The appropriate set of unknown
terminals is connected to the bridge
(and the unused terminals disconnected)
by means of a four-position terminal
switch located next to these terminals.
As this switch is moved to change
terminals, it also shows the correspond­
ing changes of connections and grounds
in the simple circuit which is engraved
on the panel. This simple circuit
diagram does not replace the operating
instruction manual, but it does serve
even the constant user as a useful and
ever-present reminder of the circuit
which is in use and of the possible
sources of measurement or connection
errol'.

'Vhen the terminal switch is set in
the position marked CA L, the L or
detector side of all the terminals is
disconnected. T'his permits a check or
self-calibration of the bridge capacitors
at any time \yithout the need for dis­
connecting the unknown.

Three-Terminal

In the next position, marked 3 TER),II

the coaxial TYPE 874 unknown ter­
minals are connected to the bridge l

with the L terminal connected to the
detector and the H terminal to the
transformer. The shields of the con­
nectors and all ground points on the
bridge are connected to the guard point,

11
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so that all capacitances to the shields or
to ground are excluded from the direct
capacitance between Hand L measured
by the bridge.

The third position of the s,,-iteh,
marked 3 TEIUU:-JAL, connects to the
bridge the H, L, and GND binding posts
instead of the coaxial terminals. 1'he
H post is connected to the transformer,
the L post to the detector, and the
GKD post to the transformer midpoint
and bridge ground. As in the coaxial
three-terminal measurement, the bridge
measures only the direct capacitance
between the Hand L posts and excludes
capacitances from H or L to any GXD or
guard point. The open hinding posts
have a direct capacitance of about 0.2
pf, \vhich must llsually be measured and
su btracted from the value measured
when a capacitor is connected. The
bridge can, of course, measure this small
terminal capacitance, as well as that
of any leads connected between ter­
minals and capacitor.

Two-Terminal
The fourth position of the switch,

marked 2 TERMINAL, deserves special
attention because of the important
changes it makes in bridge connections
and bridge measurements. 'T'he bridge is
again connected to the binding-post
terminals with the H post connected to
the transformer, but the L and G~D

posts are now connected together and to
the bridge case and panel and to any
external ground used. The bridge now
measurcs all capacitances between the H

terminal and L or GND, including stray
capacitances from post and leads to the
panel and other environment. These arc
the capacitances measured by the com­
mon two-terminal capacitance bridge, so
that it is possible to duplicate with the
new TYPE 1615-A Capacitance Bridge
the measurements of two-terminal capac­
itors obtained with older bridges, such
as the TYPE 716-C Capacitance Bridge.
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In principle, this change of the
inherently three-terminal transformer
bridge to t"'o-terminal operation is
made as shown in Figure 4; the ground
point is simply switched from the center
of the transformer arms to the junction
of the standard and unknown capac­
itors, thereby grounding one side of
the unknown. In practice, this change
is complicated by the faet that the
center of the transformer, which is the
guard point to which the bridge shields
are connected, is then connected to the
high-impedance side of the detector
instead of to ground. To prevent error
\"oltages from entering the detector, all
the wires and bridge shields connected
to the high side of the detector must be
enclosed by a grounded shield. To
pro,·idc this extra shielding for two­
terminal measurements, the bridge com­
ponents are enclosed in an inner shield
box which is enclosed by but insulated
from thc outer box and panel, and the
primary of the main ratio transformer
is also enclosed in two separate shields.
External Standards
Range Extension

The usefulness of the bridge is further
increased by the provision on the bridge
panel of a pair of terminals to permit
the con nection of an external standard
capacitor or resistor to supplement or
replace the standards in the bridge.
This pair of coaxial TYPE 874 Con­
nectors, located to the left of the coaxial
pair for the unknown, has the L terminal
connected to the L terminal of the un­
known and the H terminal connected to
the standard side of the transformer
through a rotary switch, by means of
which any of the ten steps of voltage
from the transformer can be applied to
the external standard. This rotary
switch, with its digital readout through
a window, pro\"ides a seventh decade of
capacitance or a fifth of conductance
whose magnitude is determined by the
external standard chosen. For example,
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the capacitance range can be extended
to 11 J.Lf by the connection of an external
standard of 0.01 "f. With the C MAX

range lever set at the 1 ,uf maximum,
the rotary decade then provides a
balance control of 1 "f per step and the
lever switches extend the balance range
six more decades from 0.1 ,uf through
1 pf per step.

Accuracy Extension

Since both the unknown and external
standard capacitors can be connected
to a wide range of accurate transfonner
ratios, a comparison of external capac­
itors can be made with an accuraey
even higher than that of the direct
bridge reading; and the ratios ean be
chosen so that t.he magnitndes of the
external capacitors do not have to be
decade multiples. For example, suppose
a standard capacitor of 1000 pf is
available with a calibration accuracy
higher than 0.01%. This accnracy can
be transferred to a capacitor of, say,
5000 pf by connect.ing that capacitor to
the appropriate unknO\vn terminals and
the 1000-pf standard to the external
standard terminals. 'Vhen the rotary
decade switch for the external standard
is set to 0.5 and the C MAX lever to the
O.Ol-"f position (where M = 10), the
external standard is effectively multi­
plied by 5 to balance the unknown.
Small differences between the external
capacitors can, of course, be balanced
with the bridge capacitance and con­
ductance decades, and any small errors
in the bridge reading of the difference
are insignificant in the comparison
measurement as long as the difference
is a small percentage of the total
capacitance.

Resolution Extension

The resolution, as well as accuracy,
of the bridge can be extended by the
<Described elsewhere in this issue.
&A. E. Sunderson. "A Tuned Amplifier a.nd l\ull Detector
with One-.:\Iicrovolt Sensitivity," General Radia Experi­
menter, 35, 7, July, 11:161.
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use of an external standard capacitor.
It has already been noted above that
the external standard and its decade
switch add a seventh decade, which can
have increments either larger or smaller
than those of the six lever decades.
Ev~n higher resolution is possible when,
for example, two lOOO-pf external capac­
itors are compared, because the bridge
decades can be used to measure a
difference as small as 0.00001 pf or 1
part in 10' in this example. Usable
resolution of 0.1 ppm is not hard to
obtain with the recommended TYPE
1232-A C\Tull Detector, but higher resolu­
tion usually requires special detectors.

GENERATOR AND DETECTOR

The fact that the instrument contains
neither generator nor detector may not
seem a convenience to the occasional
user of the TyPe 1615-A Capacitance
Bridge, but it is often an engineering
and economic advantage. A generator
and a detector in separate packages can
be better selected or modified to fit the
many uses of the bridge over its wide
range of capacitance and frequency. For
most of the uses and most of the range,
the recommended generator is the new
TYPE 1311-A Audio Oscillator' and the
recommended detector is the TYPE
1232-A Tuned Amplifier and Null De­
tector. s A complete system for capac­
itance measurement, consisting of the
bridge and the recommended generator
and detector, is available as the TYPE
1620-A Capacitance-:Vleasuring As­
sembly, illustrated on page 14.

- J. F. Hersh
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The TYPE 1615-:\ Capacitance Bridge was
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man; W. H. Higginbotham, Production Engi­
neer, and W. G. Cooper, Assistant Test
Engineer.
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Temperature Coefflcients of Internal Standards:
Less than 5 p\)mrC for the 1000-, JOG-, and
10-pC units; sightly greater for the smaller
capacitance units.

Maximum Voltoge: 20 volts at 1 kc. Propor­
tionalto frequcncy.

Accessories Required: Generator and detector;
the Tn>~: 1311-A Audio Oseillator and the
TYN; 1232-.\ Tuned Amplifier and ~1I11 De­
tector are recommended.

Accessories Supplied: TYPE 874-\1'0 Open­
Circuit Termination, TYN; 87-t-H,22 Pat<:h
Cord, and TYl,t: 27<J-XL Patch Cord.

Dimensions: Width 19, height 107:;;, depth
12% inches (485 by 270 by 325 mm), over-nil.

NetWeighl: 38}-2 pounds (17.5 kg).
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SPECIFICATIONS
Capoc:itonce Range (6 rangesl: 10-\7 to 10..... Dissi:patwn factor, ±(0.1% + 10 ppm) of

farads (10 ,u.pf to I,u.f), direct reading; 6-figure me:lSured value.
resolution, smallest division 10-\7 famds. Conductance, ±(l % + O.OOCIOL ,u.mho).

Dissipolion_Fodor Ronge (3 ranges): oo1סס0.0 Frequency Range: Approximately 100 cycles
to 1 at 1 kc, direct reading. Directly p.ro- to 10 kc.
portional to frcquency at ot,her frequen('lCs.
Four-figure resolution; smallest division,
0.000001.

Condudance Range (2 ranges +; 2 rClngeS -):
10~ ,u.mho to 100 ,u.mho; 4-figure resolution,
smallest division 10"'""" ,u.mho; independent of
frequency; varies witb C range.

Accurocy:
Capacitance-direct reading, internal standard,

±0.01 %, except at the extremes of the range.
At high capacitance and high frequency, error

is + 0.002% C,u.f C~y. At low capacit:lIlce

and low frequency, accuracy may be limited by
bridge sensitivity.

Capacitance-comparison with external stand­
ard, approximately 1 ppm.

Type

1615·AM Copacitonce Bridge, Bench Model.
16T5·AR Copacitance Bridge, Cobinet Model.

U.S. Patent. No. 2,548.457.

Code Word

ArI'IC

BAI.~IY

Price

$1475.00
1475.00

TYPE 1620-A

CAPACITANCE­

MEASURING

ASSEMBLY

14

The TYPE 1620-A Capacitance-:\1eas­
uring Assembly consists or the TYPE
1615-A.l\1 Capacitance Bridge "ith the

TYPE 1311-A Audio Oscillator and the
TYeE 1232-A Tuned Amplifier and Null
Detector, thus providing a complete



system for the precise measurement of
capacitancc over the range of 10 I-'pf to
1 ~f (10-<7 to 10--< farads). Frequency
range is approximately 50 cps to 10 kc.
The r-;ystem has sufficient sensitivity to
realize the full six-place resolution of the
bridge for all measurcments except for
vcry small capacitanccs at the lower
frcquencies.

AUGUST-SEPTEMBER, 1962 ~

Oscillator and detector are mounted
side by side as sho\\'n in the photograph.
The end frames are bolted together to
make a rigid asscmbly without the usc
of a relay rack. Connection cables
are supplied.

The oscillator operates from the
powcr line, the dctcctor from internal
batteries.

Type Code Illord Pr£ce

1620·A \ Capacitance-Measuring Assembly. ....•....••... I aUBIT I $2080.00

HIGH PERFORMANCE, LOW-COST

AUDIO OSCILLATOR

WITH SOLID-STATE CIRCUITRY
IVIodcrn solid-state circuitry is used

in the new TYPE 1311-A Audio Oscillator
to produce a self-contained, compact,
incxpensive instrument with many de­
sirable features. Among these are high­
pOWCI' output into a wide range of load

impedanccs, low-distortion even when
the load impedance is short-circuited,
excellent stability, low noise, and very
small sir..c.

The TYPE 13lJ-A Audio Oscillator
supplies power at elevcn commonly used

figure 1. Panel View of the Type 131l-A Audio Oscillator.

15
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Figure 2. The output trans­
former allows matching a
wide range of load imped­
ances. Data were taken at
1 kc, but are representative
of performance 01 all fre-

quencies.

fixed frequencies: 50, 60, 1.00, 1.20, 200,
400 and 500 cps and I, 2, 5 and 10 kc
as selected by a rotary switch. A con­
tinuously adjustable incremental-fre­
quency control provides a range of ± 2%
about the nominal frequency. One addi­
tional frequency can be provided by the
user at a twelfth switch position by the
addition of two resistors.

The output transformer has a tapped
secondary winding, so that an output
power of at least one watt can be deliv­
ered to five different load impedances,
and at least one-half watt to any re­
sistive load between 80 milliohms and
8 kilohms, as shown in Figure 2.

In most oscillators, overloading and
waveform clipping occur when the load
impedance is very low compared to its
optimum value. In contrast, the TYPE

131 I-A Audio Oscillator can supply a
low-distortion signa.l to any load im­
pedance from an open circuit to a short
circuit, independent of the setting of
the tap on the out,put transformer. The
over-all distortion is always low, less
than 0.5% at a I-watt output level and
typically less than 0.1% over much of

the frequency range, as shown in Figure
3. Hum and noise components are less
than 0.003% of the maximum output.

CIRCUIT
The oscillator makes use of the fa­

miliar \Vien bridge network and a
multistage, Class-B, transistor amplifier
to provide the necessary power output
without additional buffer amplifiers. A
simplified schematic diagram is shown
in Figure 4. The frequency of oscillation
is determined by the capacitors and
one of eleven pairs of resistors in the
positive feedback path. A thermistor is
part of the negative feedback path and
assures a very stable output signal, as
shown in Figures 5 and 6, without the
distortion associated with many ampli­
tude-limiting systems.

Six transistors are incorporated in a
single direct-coupled feedback loop. The
high loop gain results in an oscillator
which is substantially independent of
transistor characteristics, with low dis­
tortion and long-term reliability. Noise
and short-term amplitude and frequency
variations are minimized by the use of
low-noise circuitry for the input am-

,

FULL OUTPUT /,
OPEN CIRCUIT - iL,1\

,~~ ~V
SHORT CI~CUIT

~
.1.__ I<""'".....

SOc, '" '" "" '" , ,
"

,

,

,
Figure 3. The Type 1311·A
Audio Oscillator will drive
ony impedance with low

distortion.

,.

,.

fRE~UENCY
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Figure 4. Elementary schematic diagram of the oscillator_

plifier, QlOl. The transistor, Q102,
pro\'ides a high-impedance dri\-c circuit
for operation of the Class-B output
stagc with a minimum of crosso\"cr di5­
tortion, without thc use of complicated
tempcraturc-sensiti\-e bias net\\-orks. 1

Since the HC-network capacitors are
too large (0.1 ,,0 to be made adjustable,
the incremental-frequency adjustment is
produced by a variation in the volLage
across part of one of the capaci Lors by
means of a potentiometer. This has the

same effect on the circuit as a variation
in capacitance, and, since the potenti­
ometer impedance is 100y compared to
that of the capacitor, the control can
be calibrated in percentage frequency
change.

APPLICATIONS

Although the Tv"e 1311-A Audio
Oscillator ,,·as designed primarily for
use as a generator for bridge measure­
ments, its superior pcrformance and
many features make it well suited to
almost any applicat.ion whpre a high­
quality audio oscillator is needed.

Figure 5. Typical output ampli­
tude slability of the oscillator,
showing warmup driH {AI and

short·term variation (8).

",,~oo Ike
fREOU£NCY"'"

Figure 6. The flat frequency response of the
oscillator eliminates the need for rechecking
the level in frequency-response measurements.
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For bridge measurements the shielded
secondary winding on the output trans­
former permits the oscillator to be used
as a floating source, thus minimizing or
eliminating circulating ground currents.
This feature is also important in other
low-level systems.

For many applications, such as the
calibration of high-speed level recorders
and analog-to-digital converters, the
ver)' low level of short-term amplitude
and frequency variations in this oscil­
lator are important. Appreciable errors
can be caused by the cycle-to-cycle
variation found in most oscillators.

!A. E. Sanderson, "A Tuned Amplifier and Null Detector
with One·Microvolt Sensitivity." General HadiQ Ex­
perimenter, 35, 7, July, 1961.

For general laboratory measurements
the floating output, the low distortion,
and the ability to drive any load imped­
ance without clipping are among the
most useful features of this oscillator,
while the small size, simplicitYl reli­
ability and excellent stability are im­
portant advantages for produetion-test
applications.

The oscillator is mounted in a compact
cabinet which can be used either on the
bench or 1 by means of adaptor panels,
in a relay rack. It can be conveniently
mounted with the TYPE 1232-A Tuned
Amplifier and Null Detector' as a
complete oscillator-detector combination
for relay-rack mounting. Relay-rack
adaptor sets for this purpose are listed
below.

- R. G. FULKS

SPECIFICATIONS

FREQUENCY

Range: 11 fixed frequencies from 50 to
10,000 cps.

Control: 50, 60, 100, 120, 200, 400, 500,
1000, 2000, 5000, 10,000 cps selected by rotary
switch. A vernier provides a ±2% adjustment
about nominal.

Accuracy: ±l % when M control is at zero.

OUTPUT

Power: One watt into matched load. (Taps
provide at least one-half watt output into any
resistive load between 80 milliohms and 8
kilohms.)

Voltage: Continuously adjustable from a to
1, 3, 10, 30, or 100 volts, open circuit.

Current: Continuously adjustable from 0 to
40, 130, 400, 1300, 4000 milliamperes, short
circuit (approx).

Impedance: Between one and two times
matched load, depending on control setting.
Output circuit is isolated from ground and,
hence, can be used to drive balanced circuits.

DISTORTION AND NOISE LEVel

Distortion: Less than 0.5% under any load
condition. Typically less than 0.1 % over much
of range. Oscillator will drive a short circuit
without waveform clipping.

AC Hum: Typically less than 0.003% of
output voltage.

GENERAL

Terminals: ,Jack-top TYPE 938 Binding Posts
with standard %-inch spacing. Separate
ground terminal holds TYPE 938-L Shorting
Link which can be used t.o ground adjacent
OUTPUT binding posts.

Power Input: 105 to 125 (or 210 to 250) voJt.s,
50 to 400 cps. Total power input varies be­
tween 7 and 22 watts, depending on load.

Mounting: Aluminum panel and cabinet, in
gray-crackle finish, for bench use. Panel adaptor
sets are available to permit mounting in
standard 19-inch relay rack.

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

Dimensions: Width 8, height 6, depth 7~

inche" (205 by 155 by 200 mm), over-alL
Net Weight: 6 pounds (2.8 kg).

Type Code Word Price

13ll-A
480·P308
480_P316

18

Audio Oscillator.. TIPSY
Relay-Rack Adaptor Set (for oscillator only). EXPANEI,DOG
Relay-Rock Adoptor Set (for oscillotor and
TYPE 1232-A Tuned Amplifler and Null Detector) EXPANEI"HUi\1

Licensed under patents of the American Telephone and Telegraph Company.

$175.00
7.00

6.00
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NEW COAXIAL CABLE CONNECTORS
Have Lower VSWR, Are Easier to Install

(1..£1) Figure 2. Typical soldering,heat distortion
of coble dielectric. (Right) Figure 3, Teflon disk

eliminotes distortion,

cables has been simplified, and a tend­
ency for the TYPE 874-PB Panel Con­
nector to become slightly loose in its
panel flange with hard usage has been
corrected.

1'he transition between the ?{6" air­
dielectric connector and smaller solid­
dielectric cables, shown in Figure I, is
an important part of the connector. The
older, tapered, design has been replaced
by a step transition, which is easier to
control in machining I easier to inspect,
and easier to solder. Crimping of the
inner transition to the cable wire is also
possible "ith this design, for non­
critical applications.

The most critical part of any cable
connector is the actual connection be­
tween the cable conductors and the
corresponding parts of the connector.
The center-conductor connection is
usually the most difficult to make with
consistently low reflections. One of the
causes of high VS WR is flow and dis­
tortion of the dielectric material during
soldering. Another related cause is the
variation in location of the end of the
cable dielectric with respect to the end
of the connector inner transition section.
Furthermore, the plastic dielectric can
actually flow into the soldered joint and
produce an inductive discontinuity.
These conditions are illustrated in
Figure 2.

These problems have been eliminated
by the addition of a Teflon disk, as
shown in Figure 3, which blocks any

The continuous development program
for OR TYPE 874 Coaxial Connectors, *
among whose recent achievements was
the locking version of the connector,l
has now prodnced a greatly improved
design of cable connectors. Both me­
chanically and electrically, the perform­
ance of these new cable (and panel)
connectors is commenslirate with that
of the rigid-line connectors. The new
series, which is identified by the letter
"AJJ in the type number and by a gray
rubber guard on the cable end, instead
of the black previously used, will replace
the older series on September 1, 1962.

DESIGN CHANGES

The design objecti ves were (a) Im,-er
VSWR, (b) minimum change in VSWR
as a result of assembly variations, and
(c) simplified assembly. These have been
achieved by (a) redesign of the transi­
tion between the basic TYPE 874 Con­
nector and the cable, (b) reduction in
the distortion of cable dielectric due to
melting during the soldering operation
on the inner conductor, (c) an improved
method for attaching the cable braid
and jacket, and (d) improvements in the
rubber guard used on patch-cord types.

In addition, the inner conductor
soldering operation for small-diameter

.U. S. Patent :\0. 2,548.497.
I"New and lmproved Coaxial Connectors," General
Radio Expen'menter, 35, 10. October. 1961.

Figure 1. New~type stepped-tronsition connection
ond old-type conicol-tronsition connection.

"~I'''~
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Figure 6.
Increased
length
facilitates
soldering.

RlMl a..A.W' NUT

LOtKWAStlER'"

With this type of assembly, character­
istic of all TYPI'; 874 Cable Connectors,
the inner transition and inner connector
are accul"atf'ly positioned, and the
tendency foJ' movement caused by flex­
ing, expansion, 01' contraction of the
cable with temperature changes is
practically eliminated. Other advantages
include rapid assembly and 10\\" cost.

The rear\\"ard protrusion of the inner
transition is no\\" llsed on all connectors,
so that the' 1'58A" and H62A" series of
connectors can he soldered as easily as
thc larger cable types. For this purpose,
the nc\\" tran~ition pieces in these series
have been leng! hcned (Figure 6).

A lock\\"asher has been added to pre­
,"ent possible loosening of the connector
in the panel flange, and an additional
set of Aats has been pro\·ided on the nut
that clamps the basic cable connector
in the panel flange to facilitate tight­
ening behind a panel where accessibility
is poor. Sec Figure 7.

Figure 7. (lUghf) New ring damp nut has addi.
tional flols. (Left) Positive locking of connector in
"pe" series of ponel flanges, with lock washer.

because it offers se\"eral advantages over
the butt-retention systems commonly
employed. The principal advantage is
that it pro\·ides the least discontinuous
transition consistf'nt with the necessary
requirement for TYI~E 87-1- Connectors
that the inner transition must be pushed
slightly forward during assembly to in­
stall the insulator in the basic connector.

CRIMPED FERRUlE

Figure 4. New,
perforated ferrule.

JACl<ET

o

Figure 5. Improved method of jocket ond
broid retention.

flo\\" of the cable dielectric into the
soldered joint, and provides hent in­
sulation. It proddes also a definite
surface for the end of the inner transi­
tion to rest against during the soldering
operation. Still further control of dielec­
tric distortion is provided by an im­
prO\"cd assembly procedure.

The connection between the cablc
braid and connector also has been im­
proved. A tapcr has been added at the
end of the knurled section of the outcr
transition} as ShO\\"11 in Figure 5, to
reduce the inductive discontinuity due
to the step-up in diameter, and a new
perforated ferrule, shown in Figul'es -l
and 5, has been provided to hold both
the jacket and braid securely in place.

The cable jacket Aows out into the
perforations, producing an effective
holding force, and preventing the jacket
from drawing away from the braid-to­
connector joint. In addition, crimping
is necessary OVOI' only a short length of
ferrule, as shown in Figure 5. As a result,
the dielectric is compressed very much
less than with a solid ferrule, and the
elTect on the VSWIl is relatively small
even at frequoncies up to 7 Gc. The
perforated ferrule is employed in all
connectors of the new series.

The knurled, cylindrical transition
with a crimped-felTule method of braid
holding was retained in the new design

20



ELECTRICAL PERFORMANCE
The new stepped transitions yield a

very low VSWR up to 7 Gc, and the
reRections introduced by the connector
as a whole are no\\- 10\\-01' than the re­
flections inherent in c,'en the best
flexible cables.

In the deYelopmcnt of the new cable
connectors, it was not possible to em­
ploy standard flexiblc cables to test the
connectors, because these cables arc not
made to sufficiently close tolerances and
are not sufficiently uniform. It ,,-as
neccssal'.Y, therefore, to build sections
of dick-ctric-filled line, accurately con­
structed to be as close as possible to the
desired 50-ohm characteristic imped­
ancc. Each stepped section of the transi­
tion was designed and tested indiYid­
ually in order to isolate each indi,-idual
discontinuit:.v and minimize its reflection.
This is important in achieving a Io\\"­
reflection design abO\·c 4 Gc. The results
of rS'\'R measurements made on dcycl­
opmcnt units arc shown in Figures 8, 9
and 10. The test configuration, sho\yn in

AUGUST-SEPTEMBER, 1962

Figure 11. Test
configuration for
Figures 8, 9, and 10.

Figure 11, comprises t,,·o transitions
less the TYPE 874-B Basic Connectors'
conncctcd back-to-back through a short
scction of 50-ohm polyethylene line
with a Tcflon disk placcd at cach end
simulating the connection to a cable. '

The over-all VSWR of the complete
connectors installed on actual cables is
excellent, as shmnl in Figures 12 to 17
fol' t\\"o basic attachments. In the first;
a connector is installed on an extremely
~ong. length of cable, simulating an
mfimte cable. ~Ieasur('ment of this con­
figuration reprcsents the '·S"'R of a

,~mR@1
0'23<361'f/l(QI,I(NeY ~,

Figure 12. Average YSWR of single Type 874-CA
Connector on on infinite length of Type 874-A2
Coble. (Also applies to the Types 874-CLA, -PBA,
·PLA, and PRLA.) Peak at 300 Mc is due to coble

characteristic-impedance error.

""EFigure 8. YSWR 0.' a po if of "CA': coble tronsitions lot :m
on .deol cable s&chon.

.~

~ ,.-
~~d Ff=R~ I :0 ,- 2 3

--= ~ / FIgu" 13. Ave..g. v::;~;'.:gl' Typ. 874-C8:

1.000 , 3 r/l(OO("'c., G< ~ I; 1 • Connector on infinite length of RG-214/U Coble.
(Applies to all the "8A" series.)

Figure 9. VSWR of a pair of "C8A" coble transi­
tions on ideal coble section.

:::~
!:::~

l.OO
o I 2 J fR[O\I[~C' Go ~ , 1 I

Figure 10. VSWR of a poir of "CS8A" cable tronsi.
lions on ideol coble section.

Figure 14. Averoge VSWR of single Type 874·CS8A
Connector on infinite length of Type 874-A3 Coble.

(Applies to all the "'8A" series.)

21



GENERAL RADIO EXPERIMENTER

2A. E. Sanderwn, "An Accurate Substitution l\Icthod
of Measuring the vswn of Coaxial Connectors" The
Microwate Journal, January, 1962. '

Figure 16. Averoge VSWR of potc:h c:ord consist­
ing of two Type 874-C8A Connectors mounted on

RG-214/U Coble (similar to RG.9/U).

Figure 17. Averoge VSWR of Type 874·R22A
Potch Cord consisting of two Type 874·C58A Con·

nectors mounted on Type 874·A3 Cable.

Figure 15. AverCJge VSWR of Type 874·R20A
PCJtc:h Cord c:onsisting of two Type 874-CA Con·

nectors mounfed on Type 874·A2 Coble.

referred to as "cablc-to-cable VSWR"
when the cable length is a multiple of a
half wavelength.' It is illustrated in
Figures 15, 16 and 17.

A note of explanation is required for
the ((infinite" cable measurements. I\1ost
flexible cables exhibit a resonance phe­
nomenon whereby periodic variations
in characteristic impedance inherent in
the manufacturing process become syn­
chronous with the measurement fre­
quency. These appear as periodic VSWR
spikes in the measurements and are due
to an accumulation of many reflections.
These have been positively identified as
occurring in the cable and, for this
reason, have been omitted from the
connector VSWR graphs.

AVAILABLE TYPES
The 874-series cable connectors are

available with a variety of fittings that
make them adaptable to both patch­
cord and panel-mounting use. These are
identified by the letter series C CL
PB, PI., PRL. The suffix, I., ide~tifie~
the locking type. The following table
lists available catalog items. Also shown
below the table are the tools recom­
mended for assembly. The fcrrule­
crimping tools, 874-T058 and 874-T08
are recommended, especially for volum~
assembly, although suitable ferrule
crimping can be achieved with ordinary
pliers where appearancc is not impor­
tant. The TYPE 874-TOK Tool Kit

. 'however, IS recommended whenever low
and reproducible VSWR is desired.

All these connectors have a 50-ohm
characteristic impedance.

-JOHN ZORZY

rAEOuEMCY ~<

" - -- V. I

,
I

0 , , , . , • ,"

.,~

•,,,

;~~
,0>

I.ooO'2)_~67e
rAEQUENCt ~<

single cable connector on a typical
section of coaxial cable, sometimes
referred to as the tlrigid-line-to-cable
VSWR." It is illustrated in Figures 12,
13 and 14. In the second, cable con­
nectors are installed on opposite ends of
a three-foot length of cable, typical for a
patch cord, and a low-VSWR termina­
tion is plugged into one end. This is

,gfi
rAEQUENCY ~<

~"TGHOl£S

",1)6DI"

7
A.'f"I 'hllCl..CU ......,. THNJCMUS /

TYPE 874-PBA TYPE 874-PBA
fRONT Of PANEL BACK OF PANEL

.1 .. .-'..-1 I ,

16 -TYPE 874-PLA 16 "7":

Figure 18. Mounting dimensions for Type 874 Ponel Connectors.
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CONNECTORS

Price

$20.00
75.00
85.00

COAXKTTTEN
COAXCRIMBA
COAXCRIMPO

Code Word

TYPE 874·T058 TYPE 874·T08

fIIICi
COAXCALLER 2.50

COAXCAN DOH 2.50

COAXYROBIN 3.50
COAXPAltRO'l' 3.50
COAXYSNTPI~ 3.50
COAXYSWIFT 3.50

COAXAPPLER 3.40
COAXBA'I'HER 3.40
COAXABATER 3.40
COAXBARKER 3.40

CO..\XYf'INCH 3.75
COAXYVTREO 3.75
COAXTHRUSII 3.75
COAXTOUCAN 3.75
COAXWILLET 3.75

COAXYGOOS~~ 4.00 (IVCOAXCONDon 4.00 11COAXCURLEW 4.00

'.~ _ JCOAXAVOCET 4.00
COAXMERLIN 4.00

CRIMPING TOOLS

Tool Kit
Crimping Tool
Crimping Tool

'Pype

874-TOK
874-T08
874-T058

Same as Type 874·CA.
Same as Type 874-C8A.
Same as Type 874-C58A.
Same as Type 874-C62A.

Same as Type 874-CA.
Same as Type 874-C8A.
Same as Type 874-C58A.
Same as TYP.je 874·C62A.

Same as Type 874·CA.
Same as Type 874-C8A.
Some as Type 874-C58A.
Same as Type 874-C62A.
Wire lead. 'f

Some as Type 874-CA.
Same as Type 874-C8A.
Same as Type 874-C58A.
Same as Type 874-C62A.
Wire Lead.

874-CLA
874-CL8A
874-CL58A
874_CL62A

874-C58A

874~PLA

874-PL8A
874-PL58A
874-PL62A
874.PLT

874-PBA
874-PB8A
874-PB58A
874_PB62A

874-C62A

874-PRLA
874·PRL8A
874·PRL58A
874·PRL62A
874-PRLT

TYPE 874-TOK TOOL KIT

3

e6 11

r19~
4 5 6 7

50-ohm
Cable

Connectors

50-ohm
Panel

Connectors
-Flanged

50-ohm
Panel

Connectors
-Locking

50-ohm
Cable

Connectors
-Locking

50-ohm
Panel

Connectors
-Locking,

Hecessed

1. Outer-conductor wrench (0874.261 O)

2. Inner·conductor wrench ,(0874-2611)

3. Coupling-nut wrench. . (0874.6801)

4. Front-ring expander (red)... (0874-6820)

5. Keeper for ring expanders .. (0874-6840)

6. 8ack-ring expander (green). (0874-6800)

7. Ring pusher (0874·6830)

*For quantities of 1 to 99; prices for larger quantities 011 request.

Type Fils Code Word Price*
1------1----'-'--1--,----.,---.,-----1----1 1-----1

874·CA (50-ohm) 874-A2 Cable COAXCABLER $2.50
874·C8A (50-ohm) RG-8A jU, -98 jU, COAXCORDER 2.50

-IDA /U,-87A/U,-116 /U,-156 /U,
-165/U, -166/U, -213/U,
-214/U, -215 /U, -225 /U,
-227 jUi (non-constant im-
pedance) RG-11 A jU, -12A jU,
-l3A/U, -638'/U, -798/U,
-89/U, -144/U, -146/U,
-149 ju, -216 ju Cables

(50-ohm) 874-A3, RG-29 /U, -55 jU
(series), ·58 jU(series), -141 A jU,
-142A jU,-l 59 N, ·223 ju Cables

RG·59 jU, -62 jU(series}, ·71 8 ju,
-140jU, .210jU Cables (non-
constant impedance)
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Coming - in September

The 3rd Annual
ELECTRONIC INSTRUMENT MANUFACTURERS' EXHIBIT

Boston to Washington, D. C.

This popular exhibit (EIME) has now
been expanded to include eight leading
instrument manufacturers exhibiting to­
gether in nine convenient locations.
Operating displays of the latest instru­
ments \yill again be featured, and factory
engineers will be on hand to discuss
your measurement problems in an
unhurried atmosphere.

The sponsors are: General Radio
Company, Ampex Corporation, FXR,
Lambda Electronics Corporation, Non­
Linear Systems, Inc., Panoramic Elec-

tronies, Inc., Sensitive Research Instru­
ment Corporation, and Trio Labora­
tories, Inc.

General Radio will exhibit three new
bridges: the TYPE 1608-A Impedance
Bridge, the TYPE 1633-A Incremental
Inductance Bridge and the TYPE 1615-A
Capacitance Bridge. Other displays ,,·ill
include the TYPE 1150-A Digital Fre­
quency Meter, TYPE 1360-A Microwave
Oscillator, TYPE 1217-B Unit Pulse
Generator, and TYPE 1558-A Octave
Band X oisc Analyzer.

Monday, Sept. 10 Charterhouse Motel, Route 128

Tuesday, Sept. 11 Sheraton Inn, Carrier Circle
Thursday, Sept. 13 Meadowbrook Motel
Monday, Sept. 17 The Towers
Wednesday, Sept. 19 Cherry Hill Inn

Thursday, Sept. 20 Marriott Motor Hotel
Monday, Sept. 24 Wally's Tavern-on-the-Hill
Wednesday, Sept. 26 Molly Pitcher Hotel
Thursday, Sept. 27 Marriott Motor Hotel

Exhibit hours: Noon to 7:30 p.m.

Waltham, Massachusetts

Syracuse, New York
Jericho, long Island, New York
Cedar Grove, New Jersey
Camden, New Jersey

Philadelphia, Pennsylvania
Watchung, New Jersey
Red Bank, New Jersey
Washington, D. C.

Washington Office Moves

Effective September 1, 1962 the
General Radio Office serving
Washington, D.C. and the South­
east is moving from Silver Spring,
Maryland to new and larger
quarters.

New Address:
General Radio Company
Rockville Pike at Wall lone
Rockville, Maryland

Telephone: 946-1600 (Code 301)

TWX: (301) 949-6787

General Radio Company
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NEW, COMPACT, OCTAVE-BAND ANALYZER
OPERATES DIRECTLY FROM PIEZOELECTRIC MICROPHONE

An octayc-band anal'y~i:5 has become
the most "'idely used method of deter­
mining the frequency distribution of
acou::itical noise, because it yields, \yith
minimum effort, suf{icirnt information
to solve most noise problrms.

Most octave-band filter sets arc fairly
cumbel'some and oprratc froln the out­
put of a sound-level metel', \yhich sen-es
as all acoustic pickup ancl high-irnped­
anee preamplifier. In field applications
this arrangement is often incollyenient I

owing to the neces:-:.ity of handling two
instruments. The !leW TYPE 1558
Octu\'c-Band :\oisc .\nulyzer, weighing

1('88 than 9 pounds, includes the ampli­
fication and high input impedance
Ilf'cclcd for direct usc wil h piezoelectric'
microphones. \Vith it::i acce::isory TYPE

15(jO-P4 PZT Microphone Assembly, it
indicates directly octave-band sound­
pressure levels from 4·\ 10 150 db re
2 X J0-4 Jlbal', a nlllge t hat is ade­
quate for the majority of u~es. 'Vhen
the analyzer is operated from the output
of a sound-len:,1 mctC'l\ hO\\'f'H:'r. 10\\"('1'
lew-Is call be measured.

Thr lIe\\' analyzer i:-; ayailable in two
models. The Tn" 1558-.\ is designed
to meet the requirell'H'nts of the currC'llt

Figure 1. View of the Type
1558-A Octave-Band
Noise Analyzer with the
Type 1560-P4 PIT Micro-

phone Assembly.

3
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4

ASA Specification for octave-band filter
oets (Z2.j.lO ID53) ill all respects. The
TYPE 1558-AP has bands centered at
the ASA preferred frequencies for aCOLLS­

tical measurements (Sl.G-19()O).\ 'Ten
one-octave bands arc included ill pach
model together \,"ith all all-pa.':i:'i, or
Hat, characteristic. Tn addition, the
A-model has a lmy-pass filter at 75 cps.

The electrical circuits arc designed to
rcctucp extraneous signals. l\1iel'Ophonics
arC' held at a minimum through the lise
of tn.Lll:-Jistol's, rather than vacuum Lubcs,
and pickup from ('.'.:tcrnal magnetic fields
is avoided by Re-active filters, which
contain no inductors.

The TYPE 1558 Octave-Band "Xoise
Annlyzrr has a built-in, feedback-type
ralibration systern 1'01' a simplc cheek
of the over-all electrical systcm. A dial
setting rend0l's the instrument direct
reading in db re 2 X 10-4 ,ubar for piezo­
electric mlcrophones ranging ill srllsi­
tivity from ~52 to ~62 db rc 011(-'

volt/,ubar. Powcr is supplied by recharge­
ablc nickci-cadmillln batteries.

The analyzer joins the gro\ying ramil.\'
of GR instrumcnts packaged. ill the
Sip-tilt cabinet.

USES
Speech-Interference Level

The reactions of individuals to noi~('

depcnd on many factors. Among the~e

is the an1pJitudr-fn'quency charactrr-

lAl~o >,pecified by ISO Heeolllillendation 402 and Gerllllin
Stand~rd DI:\'45--101.

TABLE I.
Speech-Interference Levels (db)

Voice Level
Di$tance

Very
(Feet)

Narmal Raised Loud Shouting

0.5 71 " 83 8D
1 65 7J 77 83
2 59 ufi 7J 77
3 55 61 67 73
-I 53 5\1 65 71
5 51 57 63 6!J
(; 4\1 55 6J 67

J2 43 -In 55 6J
2-1 37 43 49 55

" L.L-.l---i!h-LI~i""'l':::::L---.I~LJ
100 1000 10,000

FREOUENCY IN CYClE$ PER SECOND

Figure 2. Typical octave-bond prenure levels
encountered in industry.

istic of the nobc. It is \yell knO\nl) for
exan1plc) that high sound-pressure levrls
ill the octave bands GOO-1200, J200·­
2.100, "lid 2.100-.1800 cps ill!err",." Iyith
speech communicatioll. The average of
the band levels in db for these three
bands i.~ caliPd specch-interfel'ence Ip\'('1.
and for satisfactory intrlligibility of
difficult sperch mat.erial this level should
not exccpd the values given jn Table 1.
\Vherr sppech cannot lw heard, ]Jot on I..,
docs efficiency suffer, but the danger of
accidellb is increu:"pd becausp shouted
\\"al'llings may JIOt be understood.
Hearing~DamageRisk

The TYPE 1.558 Oct"wc-Band Koi'e
Analyzer is particularly suitable for
determining thp probability of hearing
loss due to noise exposure. The noise
spectra produced by several industrial
activities arc shO\nl in Figure 2. 'Vhile
t.here are no standard methods for
assessing the pos:-:.ibility of bearing
damage in terms of oetan~-band anal­
yses) jt is generally accepted that the
octave-band pressure Jevel in any of the
bands from 300 to .1800 cps should not
exceed 85 db for daily exposure over a
period of .years. Thus) car protection
,,"as prescribed for operators of the
pneumatic chipp(']' and cable-braiding;
machine of Figure 2.
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Figure 3. Curves for use with Table 2 in delermining
the permissible sound.pressure leveh in eight

octave bands.

lUnny organizations conduct periodic
hearing tests and maintain records of
noi~(' exposure of t!wir cmploye'cs, Such
a pl'Ogran1 is l'ecommf'nuf'd \\"h('l'('v('r
employC'e's are ('xposcd to high-If'\'f'1
noi:-:c. _\ guidc to rc('omn1f'ndrcl proce­
durcs is antilable. 2

Office Noise

Difficulty in hcaring spccch CUll result
ill pOOl' ofHcc efficiency..-\Jl octavc-band
analysi:-; taken ill an offire :1l1o\\"s I he
Iloise to be rated by ll.<O:C of a Jloii'oe­
criterion (:\C) rating. Like sl'eech­
interference leycl, an ;\C le,-el attempts
to cvaluate the noi:-:e cnyironn'lCllt by a
single number. Figure 3 and Table 2
t·,,, Guide for ConscrnltioJl of Hearinll; in lndustr~·."

Suheolllmittee on :\oi«e uf TI,e CommitTCC 011 COIls<:r\,ll.­
!ion of J-1"nriTljl;, .-\muri<:an .\cll,lelll)' of OI)hThl\II"olo~y
amI Otolllr.\"I'jI;olo~~'. AI'uiluhlu fWIll the I!,'"carul, Center,
~\lhcoIlJllJilt.cu Oil :-.'Oil;C uf the .-\mericIlll .\cadclllv of
Ophthlliluololoty and ()tol:rr.I'I'Kolol.;Y, :t!7 ::l. Alnli'ado
Stroot, I-A,lS Angeles 57, Clllirurnia.

TABLE 2. RECOMMENDED NOISE CRITERIA FOR OFFICES
0150 measuremellts made fol' the purpose of judging the sa.ti:-:factoriness of tl1('

nois(' in an office by compari:-ioll \\-ith these criteria should be perfol'med ,,-ith thr
office in lIonnal 0lx'ration, but \"ith IlO one talking a.t the particular drsk 01' COI1­

ff'l'ence table ,,-here speech cOl11l11ullicat iOIl is desired (i.e., where thr measurement
i;.; being made). Bnf'kgl'Ound Iloise with the office ulloccupied should be 100"er, say
by 5 to 10 units.

----,--c----J-:.,----,--.,-----,--
\'cry quiet of!lc'c - telepholle lise S:ltiRfaetory EXl,('lltive offiees and C'OIl-
- suitllhle for Inrge c·onfcrcnecs. ferCllee rooms for 50 peoplc',

NC Curve of
Figure 3

:\('-20 to :\C-30

Communication Environment Typicol Applications

:\C-30 to 1\ C-3i> "Quiet" oHic'('; ~alisf:\(·tory for ('onfercl\c'c~ :l.l Priv:lle or semi-private of­
a I.')..fl tahle; normal VOil'e' 10 lo 30 fl; tclc- fit'cs, rcc'cption rooms, :\Ild
phonc llSC :o;alisf:lC'tory. small ('onfcrcllec room~ for

20 people.

:\ C-35 to 1\ C-40 Sntisfadol'v for ('ollfcrel\c'('~ :~t a G- to 8--ft
tnhlc; telcIlhonc lise satisfac'tory; normal voicc
vIo 12ft.

.\lc<1ium-siwd offices and
industri:11 business offices.

:\C-40 to 1\ C-i>0 Satisfac·torv for f'Onfere'IWCS at :1 -1- to 5-ft
t:lhlc; tclejlhonc IISC oC'(°:lf'ion:dly slightly dif­
fic'lIlt; norm:11 voicc 3 to (j ft; misc<1 voicc
(ito 12ft.

I.arge engineering :lnd draft­
inK rooms, ctc'.

:\ ('-50 to :\C-55 L-n~ati.'ifador\" for ('onferClwcs of marc than
two or tlm'(> I')eoplc; tcl"phollC llSC fdiJ.;hlly dif­
fi('lIlt; normal vni('c 1 to 2 fl; I'rlisC'c! \loirc
3toOft.

SC(Tctari:ll are:lS (typing:),
ar'('olll1ting arCas (hllSitlcs~

mac'hines), blllcpl'intl'ooms,
ctc- .

.-\hovc :\ C-55 "\'('r~ nolfo'~", oflne c'IlVlronnlC'nl
tory; tl'lcphnl\1' USI' dift-ic·Hll.

unS:11lSf.lC- I :\01 rerommcndcd for any
t,Vpl' of offir·l'.

5
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are based on the \\"ork of Beranek 3 and
his associates. l\1easurcd octave-band
levels are plotted on the graph, and the
noise is rated in tcrms of the highest
KC levcl rcached in any octave band.
The chart giycs rccommended criteria
for various types of offices.

loudness level

Loudness le\·cl, a IYICaSUI'C of the
loudness of sounds, can be determined
from the rcsults of an octave-band
analysis. It is a convenient single nUIY\­
bel', which agrccs \yith subjective esti­
matcs of loudness.

Aircraft Noise

Recently a ncw method of rating air­
craft noise has come into use. 4 This
rnethod ratcs the annoyance valuc
rather than thc loudness of a sound.
l'hc octave-band levels arc weighted ill
a manner to give good correlation with
listcncr judgrnent of the "noisiness" of
both rcciprocating-engine and jet air­
craft as the:y pass overhcad.

Vehicle Noise

Vehicle noise, especially truck noise,
has becomc a serious problem on city
streets and in residential arpas. Some
\\"ork has been done by truck manufac­
turers to amf'liol'ate this situation, and

PREAMPLIF'ER

"~ST "cTE~ SE~TIO>J

~-~ TU"~O w,,~ .'NO SWlfQ<

there is no\y in effect an Automohile
l\1anufactul'crs Association Specification
which requires that noise levels be
measured \yith an octavc-band noise
analyzer.

Vibration

Although the trend III vibration
analysis is to\yard the use of an ana­
lyzer with nUlTo\yer bands, such as the
General Radio Typo 1554-A Sound and
Vibration Analyzer,·~ the TYPE 1558
Octavc-Band Xoisc Analyzer \\"ith its
low-frequency octave bands may also
be found useful. The high input imped­
ance of the octave-band noisc analyzer
permits direct conncction of a piezo­
electric vibration pickup.

Acoustical Characteristics of Structures

Thc sound transmission loss of walls,
parti tiOIlS, and Aoors can bc determined
with the octave-band noise analyzer and
a wide-band sound sourcc such as the
General Radio TypIC 1390-B Random­
Noise Generator. 6

ILeo L, nerunck, ·'Criteria for .\"oisc in Buildings," Noise
COIl/rol, Vol 3. r\o. 1, pp HI_27, January, 1957.
4J\:. D. Kryter. "Scaling Human Heactions to the Sound
from Aircraft," .Jour/lu/ 0/ the Acol/8tical Society 0/
America, \"0131, .\"umocr 11, pp 1415 to 142a, :\'o\·cmber.
la59.
&.1 . .1. Faran. "A r\cw Analyzer for Sound and \"ibration,"
Cenerol f{udio Experimenter. 33, 12. Dceember, 1!)59.
&A. P. G. Peterson, "A New Gencrator of Handom Elec­
trical Noise," Gelleral Rudio Experimenter, 3·1, 1, January,
1960.

OUTPUT AND "'.ETER ~MPLIFIER

6

Figure 4. Schemt:ltic dit:lgram of the Octave-Band Noise Analyzer.
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Figure 5. Frequency response characteristics of
the preamplifier.

Non·Acoustical Uses

TIll' TnE 1558 Octaye-Band :\oise
.\nal,vz<'r call I>p lI:,C'd for purposes other
lhull aeoust iral Iloi:-:e analysis. It is
IIseful for llH'a:-:uring the e1C'~trical noise
sp('(" r;l ~(,ll('ral('d by amplifiers. tape
r('('onl('rs, and of hrr elcctronic de\"jccs.
II (';111 :llso fU1lction as a tuned Yolt­
1lH'1 pr or :L S(·IN'! i,"c amplifier.

CIRCUIT

'1'1", Tnl': 1558 Octa\'e-Band Koise
AmtlyzN ('ollsisls of a high-impedance
IHj("/"OphOll() j)l'rlllllplificl', a tunable filter
ha\'itl~ :t llois(' bandwidth of olle oduyc,
all {Jill put :l.lliplifirl', and a loycl ill­
di('alol'. All ('1('Jl1(,l1tal'~r schematic dia­
p;ralll is s!l()\ytl ill Figure -:1:.

Preamplifier Section

'1'111' pn'Hlllplifi('l" ~cclion includes an
inpu1 allPllliator, a high-input-imped­
all('(', unity-gain amplifier. a \Ycighting
l\('t\\,(lrk, :llid a Jo'c('ond attenuator ancl
arnplifit'l'. II ha~ a maximum mid­
fl'('qtl('lu'y \'oltngp gain of 20 db. and
i1:.- amplil tld('-fl'('<1uenc~- characteri::-tic
(';\11 lu' !-<<'l hy means of an internal
!o'\\'it ell to hp ('it hcl' cf'..l;;cntialh- flat from
20 ('I" to 20 kc or C-,,'ci'ghted (sec
Figlln' ,1). Both attenuator!' in thj~

~(,tioll :\1'(, ('olltrolled b~- thc large outer
dinl of t hI' eonxial BA:\D LEVEL control.

:'1':. E. Gr....""'. "llllj>TOVcd I~crrorlllailce Plu!! a :Xcw Look
ror thf' Souud-I.(·\'{'I ~Ieter:' General Radio EI~rim~nlu

:t!. 10, October, 19.)8. '
-E. E. Groo;.". "Tn',: 1.),'H-C Sound-l.e\·el ;\Ieter." G~neN.JI
1I,,,li,, f;J!'f>rimf'fllrr. :1.-', S. Angnst, 1961.
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This dial is used to adjust the gain of
the preamplifier in lO-db steps to suit
the oyer-all amplitude of the signal
being analyzed.

Filter Section

The filter is synthc~izC'cI as an i::lolated
cascade of three resonant sections. Bc­
twpell the second and third sections i~ a
20-db step attcnuatol'. The resonant
frequencies of the R.'('tions are staggcred
around the center frequency of the
sclected band to gh'c a Butterworth, or
"rnaximally Aat," charaeteri:'itie. Each
filter ~eetion usc::- a highly stabilized
cUITcnl amplificl' and all RC fcedback
network. Both re:::i!'tor:, and capacitor:-:
in the feedback neh\'ol'k arc s\yitched
in a mann('1' which allows eaeh capacitor
sct to be u~('d for t \\'0 bands. Figurc
G is a functional diagram of a single
section.

Figure 6. Func­
tional diagram of
o single section

of the filter.

Figure 7 shows the band-pass charae­
tcristic of the AltN:' ill the -_\ model.
The -AI' model hu:'i identical characteri...;­
tics, but differcnt ccntcl' frequellei('~,

Output Amplifier and Meter Section

The outpul amplifier !"ection (,ollsi~t~

of a 30-db stcp attclluator. all amplificr,
a detector, and a m('trl'. _\n i~olatillg

stage fol' the output terminal:" pren:'nt:-:
any load from affccting the meter
indication. 'l'he dctcctol' characteri:'tic
is qua~i-rrn!,7 so that the meter in­
dication i:-: \'ery clo::::.ely I'ms for mo:"t
types of signals,

The metel' is idcntical to the one used
in the TYPE 1551-C Sound-Le\'cl :\lctcl"
and therefore has the dynamic charactN­
istics speeificd by ASA Specification for
Ceneral Purpose Sound Le\'el ~1cter:-

7



~ GENERAL RADIO EXPERIMENTER

Figure 70. Filter chClracter­
istiu of the Type 1558.A
measured with signal ap.
plied at INPUT (SLMltermi­
nals. The Type 1558_AP
charoderistics ore idenfical,
except that the center fre­
quencies are changed, CIS

noted in the Speciflcotions.
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TYPE 1560-P4 PZT MICROPHONE
ASSEMBLY

The Tnl< 15(;0-1'4 PZT ~1icrophone

Assembly ,nlS designed for usc \yith the
TYPI~ 1558 Octave-Band 1\oi:-sc Analyzer,
'fho microphone is a PZT piczoelcct,l'ic
ceramic type, idcnt ical to that supplied
with the 1'Y"I< 1551.-C 50nnd-Lc\'rl
)'1eter and des('ribcd in delail in a pre­
"iO\l8 artirle. 8

.\8 shmnl in Figure 8, the frequcncy
response of this microphonc to sounds
of random incidence i~ "il'tually flat to
8 ke. Its tempcrature coefficient of
srn>iti,'ity is ,'cry 10\\' (-0,01 db;oC)

(,-\5,\ ::\104-1961), Fast or slow meter
-=p('('ds can be selected by a panel
('ont 1'01.

Calibration Circuit

'1'0 cheek the gain of the analyzer, its
output j::; s\dtchcd to il"s input, through
n, filter limiter and calibratNI attenuataI'.
\\'hen the gain is adjustrd to equal the
known attcnuation of nli:; fcC'dbn.ck net­
work, the sy~tcm oscillates. The at­
telluation of the feedback network is
adju:o';table by means of an internal
con1rol, which is calibrated in t(,l'I"n5 of
microphonc scn:-;iti,·iiy.
Charging Circuit

The battery, a scalrd lIiekf'l-cadmiurn
unit, is chargpd through a. ~imple half­
W:1\'e rrctifier and serif's re~istol', ,yhich
COllllect dircctly fo the pmyer line.
During the charge period, OlC battery
floaL') 011 the line. \'"eithcr side of the
linr i,~ connected to f"llC r9:;0 nor to any
other part of the instrulllcnt except the
eh:lI'gillg circuit.
'Ibid.

8
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and its impedance i:-:i nearly independent
of temperature. De:-:iglled to be dumble
and dependable, thilS microphone ,,-ill
with;-;talld, "'ithout damage', tempera.­
tu!'es of -30 to +95C and !'elati,·e
hnmidity up to 100%.

The microphone is mounted 011 one
end of a flexible conduit. .-I. detented
s"'i\'cl connector on the ot her end of
the conduit plug:::; into a receptacle on
thc panel of thc instrumcnt.

- \Y. R. J\:"I'DERT

SPECIFICATIONS

·:\[O:ll~llred with si.lmal applied at [:-"I'UT (111,.\1) Icr",imll..,.

For Type 155S-AP center frequcncies :lrc 31.5,
ti3, 125, 250, 500, 1000, 2000, 4000, 8000,
IG,OOO.

filter Characteristics·: Lcvel at ccnter fre­
qIH'II('~' in bands from 37.5 to H6()() cps is
uniform withill 1 db. .\laximllm deviation from
ALl, l' ..\SS lcvel at ccntcr frcqllCIH'V in allY band
is I dh. For bands from 37.5 10 !)(jOO re:,;pollse
:It nominal cutoff frcqucll('y is (3.5 ± I) dh
helow rcsponsc at cClltcr fn.'(lIlt'IH':-' ..-\ttcnua­
fion is :.It least 30 dh :11. onc-half the lo\\"cr
Ilominal ('utoff frequen('y :Ind I\\"i(,c the IIppcr
Ilomill:ll l'utoff frequeney for all od:wc bands.
"'\1Il'lluation is at 1t':ISt 50 dh Hi olle-fourth thc
lowcr nominal eutoff frequcn('y :Ultl four times
thc uppcr nomin:11 elltofT frequcll('y for :111
()('t:lYC bands. The 75-<'yelc low-p:lss filter h:ls
:1l It':lst 3D-db attcnll~ltion at 200 ('ps and :It
lea!;l 5O-db altenll:l.tion :11 ·100 ('pS.

Sound-Pressure Level Range: ·I-t to 150 dh
:lh()\'c 0.0002 JAbal' in any hand whcn the 1"1')0:
I560-P·1 PZ1' .\Iicrophonc .\ssembly is lIsed.

Inputs: Impedalwe at MIKE lermionls is
approximately 50 pf in p:1I':11lcl with 50 .\W.

Bands: Type 1558-A II is inl('nded for usc wilh high-impcd:mee
tr:ulsdu(·crs.

Impcd:\llCc at INI'U'I' (8L~1) tcnninals is
Hpproximatcly 100 1.:11. l\la,xillllllll input is 3
volLo;. Low-illput tennin:d is ('OIIIlL't'ted 1.0 casc.
This input. i::; intcnded for f'Ollnel'lion to thc
Olltput of:i sOllnd-Icvcl metcr.

Preamplifier Frequency Characteristics: Two
frequelle)' dltll'a<'terislil'S art' availablc. Thesc
:lre C-wcighting, whieh is !<pe('itied by the
.\mcrie:ln St:llld::trds ..\s."o(·iation (AS..\ Sl ..t­
IOU! 8L.\I), and 20 h, :111 csscnlinl\y flat
response.

Outputs: Open-eirr'uit output is :It IC:ISt I \'011
for fllll·'$l'ale mcter indi('ati.:;n. Out pili impcd­
:lIll'C is (j()()() ohms. An\' 10:ld e:m hc l'onneclcd
:H'ross the ll{;TI'{;T tCl'lllinals.

Meter Response: FAST or :-I.UW meter r~pon~c
is sek>t·ted by p:lIlcl (·ontrol. Th~c dlar:lt'tcr­
isties :lrc as spct·ified in thc .\meri(·an Standard
Spe('ili('atioll for Gcncr:11 Pllrpo!<c Sound Lcvel
.\lell'I"$, .\SA SI.-t-1!J61. .\Icler illdieation is
doscl)' rills for most w:\vefonns.

Internal Calibration: .\ huilt.-in refc!'ClH'c
:111o\\'s the gain of the all:d.vzcr to be ('alibratcd
for \l!'5C with piczoclpdl'i(' mil'l'ophollCS havill.c:
scnsitivities rl'om -5210 -G2 db I'C J v/~bar.
The ahRolulc :leCllr:H'V for ALL 1':\:-;8 is then
Cll!<urcd \\"ithin I db' ov('r a wide T:1ngc of
:\Imosphcrie eondiliOlls.

Batteries: Two O.6-volt re('hargcahlc niekcl­
f':ulmillm batteries (Gould Type 1).6\- 45013)
Jdvc 30 hours operation. They arc rcdlargcd by
('ollll('<'iion to:1 115-v (01' 230-v) 25- to (j()..eyelc
power line. Full (·h:lrgc t:lkt.'S aheml l-t ho-urs.

Accessories Supplied: C':lrrying: strap, power
('onl, shielded ('able :lssembly.

Accessories Available: Tn'E 156Q..P-t PZT
:\1 i('ropho!le .\ssembly.

Dimensions: Flip-till ('ase: lenj,!;th 10M, height
!)~, depth 7M in('hes (260 by 235 by 185 mm),
0\'cr-:111, ilwluding handlc.

Net Weight: 8% pounds (.J kg).

26.5
53.0

106
212
~2~

S~S

16U6
33Q2
678-t

13,570

Ccnter
Frel(llcncy*­

cps
37.5
75.0

150
300
600

1200
2-t00
.800
UUOO

IU,200
75

L'pper eu/oJ]"
Fre((uency ­

("PS

18.75
37.5
75.0

150
300
600

1200
2~00

~8OO

HUOO
LP
.\LL PASS

Lou:er Gliloff
FrCI{llCltC!J ­

("pi;

-e;~'OlIlClric :\Ic:.m

Type Code Word Price

1558~A Octave-Bond Noise AnaIY'ler.
1558-AP Octave-Bond Noise AnalY'ler.
1560·P4 PZT Microphone Assembly.

U.~. Pnlcnt "'\"05. 3.012.lm; 2.006.257; and DISi,i40.

ABATB
ALAR:\f

:":\V.... I.

$725.00
725.00

80.00
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THE TYPE 1211-C,

AN IMPROVED UNIT OSCILLATOR

Figure 1. View of the Type 1211·C Unit O$Cillator.

10

The TYI"'; 121l Cnit Oscillator,' 0.5
to 50 1\1c, ,,-hich was fir~t allnOUllC(,d ill
Srptcmbcl', 1953, has now bern modifiNI
a:-; a first step in n program of Cui/­
Oscillator I'('dr:-:igll whirh should make
thci'c popular rf pO\H'r sourccs C\'Cll

morc useful ill the futurc. T'he char­
acteristic I.-shaped mounting panel of
the Lnit Oscillators and their 0POIl

COIli'truct ion t ,,-hich gi \-e excellent shield­
ing and heat di::;,.;;ipation at a minimum
price, have been retaillC'd, but the pallPI
of the new o:::cillator, TYPE 1211-C, ha;-;
been reduced to 7-inch height (four
~tandard relay-rack units). PanC'! \\-idth
is 8 inchc~, corresponding to one half
rplay-rack width, for mounting side by
,ide in a relay rack with other GR half-

' ..\. O. BouSQuet, "A l:nit Oscillator for the 0.5-- to 5()..:'\lc
Ranll;c," Gtnn-tll R<uJio f.:x~ ..imtflltr, 28. 4, September,
l!).'}.'l,

rack ill:-llnlllWlll:-l, lVrOlllllillg; ill a n'lay
rack is hy ll\(':lll:-l of ,,,illlpl(', ill('xlwll:-li\'('

adapt 01' palll'l", (:-1('(' Figllr(' 2).
FI'l'<jllt·tIC·Y range, input PO\W'1' l't'qllir('­

mOil Is, :1l1d 0111 put pO\\"(~r I'emain cs-

<:llQO

~
.

o 0
0 0

0 0 0

.0 0

Figure 2. (Top) View of the oscillator with odoptor
set installed for relay.rock mounting. (Below)
Sketch showing orrangement of oscillator and

amplitude-regulating power supply
for relay.rack mounting.
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to 5-I\lc range and froll1 1.25 10 0.5 J.lh
for the 5- to 50-~Ic range. The coro,
and the capacitor plates are shaped for
logarithmic frcquency change with angu­
Jar rohl"tion.

Powcr out put o\"er the freqllellc~·

range "aries approximately as ~hown in
Figure -1, when thc inexpen:-in.· TYPE

1203-B l;nit PO\l'Cl' Slipply i, ,,,od.
With the plate-regulated Typ,.; 1201-13
t:'nit Regulated Po\\'er Supply. the out­
put frcqucncy as \yell a~ the output
po\\"er is stabilized against lill('-yoltagp
change, but output i... reduced to ahout
three quarters of that :-:.h0'n1.

'The frequency dial of the 'TYPE

1211-C l'llit Oseillator eall be ,wopt
back and forth mechallicall,' h,' the
TYPE 1750-A S\\-ecp Drin'.? the TYPE

908-P Synchrollou, Dial DrilN. or the
TYPE 908-R96 Dial Dri\'C. and eon.-tallt
output ave!' the fl'C'quenc~' l'ang('...; can 1)('
obtained \I'jlh the TYPE 1263,13 .,\mpli­
tude-Regulat ing Pow!'r Suppl.\". 3 The
combination of Unit Oscillator. S\\'rcp
01' Dial Dl'i\"c~ and Amplituc!e-Hegulat­
ing Po\\,pr Supply i~ u:o:ed for rpcording 01"

for oscillographic displa~- of fl'C'qucn<.'Y
charactpristie:-:. (sec con'r photograph).
The TYPE 1263-B Amplitude-Hcgulatillg
PO\l'er Supply \I'ill al,o be found '''eful for
manual opcmtion of Lbe L'lIit Oscillator.

- E. E,IRPLl:S

• I,
, / i . I

• I ~
• I /
, I ,
"

, , • • ., 2:: l~

•
•

; ,

Figure 4. Typ­
ical output
curves of the
Type 1211-C
Unit Oscil-

lator.

sclltially unchanged, but distortion has
been redueed eonsiderably. The IOO-to-L
frequcncy rangc of this oscillator is
covcrcd ill tn-o 10-to-l range-s, 0.5 to
5 Me and 5 to 50 Me. Thc rcquircd
100-to-l \'ariation iu the LC product
on cach range is obtained by changing
the inductance as \Yoll as the capacitance
of the tuned circuit. The capacitance i::;
varied from 20 to 800 pf (40-to-1), and
~imultaneou:;;l.v the inductance "alue i~

altercd by sicklc-shaped corc:-1 mounted
on the capaeitor shaft (see Figure 3).
Olle carr is made of aluminum, the othcl'
of iron dust. As the frequency dial is

rotatcd, the activr core material \yithin
the inductors ,"aries smoothl~" frorn dust
core for maximum inductance to a full
aluminum COI'(' for minimum inductance.
A 2.5-to-l chailgc in inductance is
realized, from 125 to 50 I'h for tho 0.5-

Figure 3. Rear view of the Unit Oscillalor, with
cover removed, showing tuned circuit inductors

and sickle-shaped cores.

'\\". F. Bycl'$.....\ :\cw System for .-\ulOlllatic Datil.
Di~p!ay." Gentrut Radio ELperim~nttr,2-1. II, April, HI55.
IW. F. Byers. "THE 1263-13 .\mplitude-Regulating
Power Supply." G~"tml Radio f:.r/1f'rimtlller. 3:>. fI,
September. 1001.

SPECIFICATIONS

FREQUENCY

Range: 0.5 to 50 :.\lc in two ranges,
Calibration Accuracy: ±2 percent at no load.
warmup Drift: 0.4% ± 0.2%, largest at thc

hi~h-frcqHell('.'·end of elwh range.

Controls: A two-position range s\\'ikh, a
six-inch dial with approximately logarithmic
calibration, and a slow-motion dbl to indicate
frequCIH'." inel'ements of 0.2 percent per dial
division.

11
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SPECIFICATIONS [Continued)

.\lodulator can be used at carrier frequencies
above 10 .\le.

Power Supply Requirements: 320 volts, 50
milliamperes, de; G.O volts, 0.75 ampere, a(' or
de. TYPE 1203-B Unit Power Supply, TYl'E
1201-B Unit Hegula.ted Power Supply, 01'

TYPE 12G3-13 Amplitude-Regulating PO\\'er
Supply is !'eeommended.

Mounting: Oscillator on aluminum e;lstin~ is
shielded with :1. spun aluminum cover; assemhl.v
is mounted on an I.-shaped panel and chassis.
Adaptor panels for !'elay-rack mounting are
availablc.

Acce&sories Supplied: TYPE 87-l--H22 Patch
Cord, Typ~; 87-l--Q2 Adaptor, telephone plug.

Other Accenories Avoiloble: TYl'E 1750-.-\.
S\\'cep Drive, TYl'E !l08 Dial Drives, TYl'E 8H
CO:l.xilJi Elements, TYPE 1000-PG Crystal Diode
.\10dulator, Tyl'~; -1-80 Helay-Hack Adaptor
Sets.

Dimensions: Width 8, height 7:.1, depth 12
inehes (205 by 1D2 hy 305 mm), ove!'-all.

Net Weight: 11:.1 pounds (5.5 kg).

1211-C
480-P408
480-P416

OUTPUT

System: Output nvailahle at a Ty!'t:; 87·1 Co­
axial Connector (locking) at rear of instrument.
Adjaccnt ground tennin:ll also permits con­
llectio!l b:v TYPI'; 274·.\1 Douhle Plug. Output
i..., controlled by a 25D-ohm resistivc voltnge
divider. The dial is (·alibra.ted ill 100 arbitrary
llnits.

Power: With thc TYI'),; 1203-B Unit Power
Supply, at least 200 milli\mtts into 50·ohm
load at any frequency. Ovcr thc 0.5- to 5_.\llc
I':lngc, avenlge Olltput is approximately 1 watt;
ovcr the 5- to 50-.\1(' range, 0.-1 watt. Sec F'igure
., for typical output chn..rad,eristics.

GENERAL

Circuit: Hartley 08('illntor ('ollpled direetly to
OlltpUt. Capacitance :Ind indudalH'e nre simul­
taneollsly changcd for frequency variation.

Modulation: Plate modlll:ttion of 30(,10 at
audio frequen('ies C:1I) be produced by external
source of 50 volts. Input impedance is a.bout
8000 ohms. For amplitude modulation free from
incidental fm, a TYl'E: lOOD-PG Crystal Diode

Type

Unil Oscillator.
Relay.rack Adaptor Set (for oscillotor only).
Reloy.rock Adaptor Set (for oscillotor ond Type

1263_8 Amplitude-Regutoting Power Supply) .
U.S. Patent :-':0. 2.:>·18,.157.

Code IVoJ'{]

.-\TL.-\S

EXl'.·\NEL./AG

BXI'A)\ELNI'l'

Pria

$305.00
8.00

6.00

USING A PHOTOCELL
WHERE IT COUNTS

For those wishing to measure the
spccd of rotating objects and to present
the results as a continuous digital dis­
play, \ye recommend the combination
of the new T'{J)l<; 1530-A. Photoelectric
Pickoff and the '.l'YPI·; 1150-A Digital
Frcqucncy ~1eter. I

'rhe pickoff consists of a light source,
an optical system, a photoeell, all output
cable, a.nd a Hexible linkage system.
Light fl'01'n the source is l'eHected, eithcr
by the rotating objec't or by reHeetive
t"pc "tt"ched to it, b"ck to the photo­
cell, which sends electrical pulses to the

PICKDFF
HEAD

AD~IJSTAeLE

Cl-AMP

INTERMEDIAH:

'00

C CLAMP

BASE ROO

,

12

In. "-. l'rank, J. K. Skillinll:, "..\ l··jn:l... Digit Solid-Stfl.tc
Counter for FrC'll1cne~' :'\Jeasurernents to 220 kc,"
(;CIlCPt! R",liQ Expcrilllcntcr, 3G. -to .·\pril, 1!JG2.

Figure L View of the Photoelectric Pickoff
with component ports identified.
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Figure 2. The Photo_
electric Pickoff shown
with the Type 1150-A
DigiTal Frequency Meter
(lop), os (Irranged to
me(lsure the speed of an

electric motor"

frequency Il1rt('r.I'hi~ instrullwllt ('ount~

the number of plll:-:es 3ITi\"ing pCI'

S('('ond (or O. I sC'cond 01' ]0 ~cconds) and
di:-:plays that lIumber on an in-line
digital readout.

'The cylindC'r containing the photocell
and light source mllst be placed fairly
('10,';(' to the object being ()b~(,l'v('d. 'The
maximum distance dcpcnclfi 011 tl1<-' can­
t rast betwoen the 1'eH('(,! ivr it1ld non­
I'rnedi\'c purts of the rotal iug object.
The email eize of the pickofT hcad and
the double-jointed linkage assembly,
mounted on either a C-r1amp or a
magnet (both supplied), pel'mit the
pickoff to be mancu\"cl'ed clo~c enough
to out-of-the-way rotating parts.

'Vith the COlillter set for a ollr-seoond
gate (i.e., CQUIll illg) period, the digital
di~pla~r will be III revolutiotls pCI'

~('('ond. For gl'C'atC'r accuracy, t"he count­
ing period can be set to ] 0 ~'econds, and
the digital I"eadout di,·ided by 10. By
obtaining more than one pulse per
rC'Yolution (a~, for instancr, b~· attaching
more than one reflecting ~trip to the
rotating sUI'face), one can increase thc

display posr-;ihilities: "'ith :-:ix I'cfiecti\"c
strip~ and a IO-~econd coulltillg prriod,
t hr couniC'1' indicates rpm. If GO strip:.:
can be attached, one can obtain a direet
rpm statement once a ~e(,olld . ..-\S more
strips arc u~edJ thc pickotT must bc
placed neal"el" to the object.

Most mach inc speeds arc \yell \\-ithin
the range of the pickofr-coullt"('1' com­
bination. Thc high-frrqucllcy limit of the
counter is ow'r 13 million rpm, ~o there
is no problem from that quarter" The
limiting factor i~ usuall~- the capaeitanee
of the cablr conneeting the piekoff to
the counter. l-nder fayorahle conditions,
speeds up to 100,000 I"pm can be
measured.

1'\\"0 rolls of pl'essure-scnsitiyc tapC'
arc suppliNl, one !"rneeting alld one non­
I'f'AC'cting. 'The latter can bC' usrd \fit h
object::. that arc thcmsch"es highl~'

reAcctiyc.
L·"", of the TYPE 153G-A Photo­

electric Pickoff ('on~r alrno::.t all rotating
machiner~·. but it i::= e~pC'('ialIy dc:-:irablC'
for low-torcille d('yi('e~, to \\"hich mC'­
chanical contaC'lors cannot be attached.

13
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SPECIFICATIONS

Light Source: Gt: Type 327 bulb, 28 volt..;;,
·W milli:lInpercs.

Power Supply: Power is supplied for both
lamp and photocell by thc TYNJ 115D-A Digital
Frequency :\Icter.

Accessories Supplied: 100ft roll of %-inch
b1:lck tape; lD-ft roll of 3 s·inch silver tape;
carrying case.

Mounting: C-damp (capac'it)' 1}(6 inches, flat

or round) or I Lz-inch magnet, both supplied.
Dimensions: Pickoff head, Ih6-illCh diameter,

2 inche3 long. Linkage consi:sts of two §1Qinch­
diameter stainless-steel rods, 6 :lnd 6~ inches
long, conne('ted by an adjustable (·lamp. Second
damp attache.,; pickoff a.sscmbly. Cable (pickoff
to counter) is 8 feet long, tcrmill~lIcd in phonc
plug.

Net Weight: 18 ounces (0.6 kg).

Type Code Word Price

lS36·A Photoelectric Pickoff . ~'O"OF $65.00

STROBO-TRACKING GRAVITY

The constant acceleration of a freely
falling object is nowhere more graphi­
<'ally demonst rated than at Los Angeles'
Occidental College, where a TYPE 1531-A
:)tl'obotac® Electronic Stroboscope l is

1:\1. J. Fitl;lI\orris. C. J. I.ahanRS. and W. R. Thul'l!ton.
"~ew Eyes for :\Iodern Indu~{r}"," Gt7Iuol Radio EL~
m~nteT. 3-1, 9, September, 1960.

used in a classroom dcmon:-;tl'ation. As
shown in Figurc 1, a ball is droppcd so
that it falls along a uniformly calibrated
scale. During its fall the ball is photo­
graphed by the light of the stroboscope,
flashing at a constant rate. The result is
the multiple-image photograph of Figure
2, in which the ball is shown at fixed

14

(left) Figure 1. View of the classroom demon5fralion, with ball about to be dropped.
(Right) Figure 2. Photographic record of the Ira vel of Ihe ball.



time inh.'lTals on the way down. The
\Yidcning gaps bCl\\"cCIl irna.grs as the
ball drops pron:'~ the rulr of conslc.Lnt
acccicral iOIl f0 CYCII t.he lllosL :-;krpl iral
~opholl1ol'c.

Thc ~cLlIP at Occidcntal us('s :-;implc
cquipnwllt, and i:-:; f'a~il'y duplicatf'd.
'l'lw Pol:lroid camera 1I~:; Polaruid

OCTOBER, 1962 ~

Type 46-L transparency film, and the
transparcncy is projected for class
analysis withjn t,,·o minutes after
exposure.

Out' thanks to Rex R. X elson, Assi::;t­
an t Profcssor of Physics at Occiden tal,
fot' telling us about his interesting
demonstration.

GENERAL RADIO AT SEATTLE WORLD'S FAIR

(Right) Group of fairgoers listening attentively to the satellile.tracking demonstration. (left)
Close-up view of the center rack. The Syncronometer with its 24-hour clock face is near the

lop; the standard-freque"cy oscillator and frequency divider ore at the bale.

'fhe accompanying phot ogmphs show
t h(' Trall:-:it Satellite 1)('!1l0Ilst raholl

Trackjng Station uS('d in th(' r. s.
Sciellce Exhibit at the Reat tic World's
Fair. TIl(' fr('(l'.If'llcy :"fandard for the

::-latioll is a Gellcral Radio TYPE 1113-.\
Standard-Frequency Oscillator. 8hmn1
at the bottom of the ccnter rack \I-ith
its companion, the GR TYPE lll~-A

Frcquency Di\"ider. A third mcmbf'r of

15
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GR's frcqucncy-measuring lincup, thc
TYPE 1103-B Syncronomctcr, is secn
higher up in the same rack.

The 5-~[e output of the TYPE 1113-.\
is multiplied up into the ljllF region for
u:-;e as a local oscillator for prpci:-;ioll
doppler rcceiv('r~. A mull ichanncl tape
rcporder rccords satellite!:iignals along
with a. 50-kc reference signal from a
generator drin'n by thc TYPE llU-.\
Frequency Di,'idcr. ']'hc SyllC'rollomctcr
pl'o,'ides an acclirate timc display for

NEREM

audience and dcmonstrator::;, and ~CITes

as a time referencc for recorded doppler
data.

']'he satellite tracking den1onstration
is one of the most popular displa.ys at the
fail'. '1'hc right-hand phoiograph shows a
group of fail'gocl's paying earnest at tell­
tiOll to a Iraeking dCmOIl:-itratioll. Thi...:
dcmonstration "'as dcsigncd and built
b)· the .\pplied Phpie, Laboratory at
Johns Hopkins l"ni,·crsity.

1962
NORTHEAST ELECTRONICS RESEARCH AND ENGINEERING MEETING

Commonwealth Armory, Boston, November 5-7

At NEREM you will see the new General Radio instruments that have been
described in recent issues of the Experimenfer, among them

See Experimenfer for

Type 1150-A Digital Frequency Meter

Type 1130-A Digital Time and Frequency Meter
Type 1133·A Frequency Converter
Type 1134·A Digital to Analog Converter
Type 1521·A Graphic level Recorder
Type 1536-A Photoelectric Pickoff
Type 1551-C Sound-level Meter
Type 1553-A Vibration Meter
Type 1558-A Octave· Band Noise Analyzer

Type 1360-A Microwave Oscillator
Type 1840·A Output Power Meter
Type 1608·A Impedance Bridge
Type 1620-A Copacitance-Measuring Assembly
Type 1630-Allnductance·Measuring Assembly

April, 1962
May, 1961

*
October, 1961

June, 1959
October, 1962
August, 1961

November, 1961
October, 1962

January-February, 1962
January.February, 1962

Morch,1962
August-September, 1962

May, 1962

16

*To be de.cribed in the December. 1962 i~",e.

Drop in at Booths 9 and 10 Commonwealth Armory

General Radio Company
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The light patlern of a
row of Strobotac® elec­
tronic stroboscopes un­
der test in the GR lab
was too much for our
photogropher land edi·
torI '0 pass up. Horry
Chisholm, Electricol In·
spection Supervisor, is
shown adjusting flash-

ing rate.

GENERAL RADIO COMPANY (OVERSEAS), ZURICH, SWITZERLAND

REPRESENTATIVES IN PRINCIPAL OVERSEAS COUNTRIES



NEW PZT CERAMIC VIBRATION PICKUP

AND CONTROL BOX

FOR VIBRATION MEASUREMENTS

A new lead-zirconatc-titanate acceler­
ometer replaces the barium-titanate
ceramic accelerometer as the general­
purpose vibration pickup supplied with
the General Radio Compan~lsvibration­
measuring instruments. This new trans­
ducer increases the upper frequency
limit of the TYPE 1553-A1 '-ihration
Meter from 1200 eps to 2000 cps. A
newly designed control box proddes a
like illcrease in the frequency response
plus an increase in over-all measuring
sensitivity whon the pickup is used with
a TYPE 1551-C or-B Sound-Level :l'leter.
This no\\" control box is so designed that
it can readily he adapted for use with
other piezoelectric accelerometers. One
such adaptation is for use with the
Ende,-co Model 2217 Accelerometer to
meet the frequency-response require­
ments of Mil-Std-740 (SHIPS).

The Pickup

The new TYPE 1560-P52 Vibration
Pickup replaces the TYPE 1560-1'51
model.' Table 1 compares the character­
istics of the nell" and old uruts. Compared
with its predecessor the ne"- pickup has,
in addition to increased sensitivity and
increased frequency response, a lower
impedance, a wider operating tempera­
ture range, and better stability.

Its high sensith-ity and low impedance
make it an outstanding unit for low-

IE. E. Gross, "Tn!!: 1553-A Vibration ~lct.er." General
Radio Experimenfer, 35, 11, :'iovember, Hl61.
2E. E. Gross, "TYI'I> It>60_Pl1 Vibration Pickup System,"
Gimcrill Radio Experimenter, 34, 11 & 12, NO~'cmbcr­
December, 1960.

Figure 1. View of the Type 1560-P11 B Vibration
Pickup System, shown with the Type 1551·C
Sound·level Meter. The control box attaches to

the sound-level-meter cose.

frequency vibration measurements. Fre­
quency response is Hat to below 2 cps
without special high-impedance pre­
amplifiers. High-gain amplifiers are not
required for many common vibration
measurements.

The Control Box

The TYI'>; 1560-P21B Control Box
illustrated in Figure 1 has been designed
to match the TYPE 1560-P52 Vibration
Pickup to the input of the TYI'>; 1551-C
or -B Sound-Level Meter. The combina­
tion of pickup and control box is listed

3
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TABLE 1
Old New

Type ~o.:

:\fatcrial:

Sensitivity (mv/g):

Resonant Frequency (cps):

Capacitancc (pO:

:\'lax Accelemtiol1 (g):

Temperature Coefficient of Sensitivity (db OF):

Temperature Hange (OF):

Reb.tive Humidity Bange (%):

Cubic Length:

Weight:

Pickup Dimcnsions:

1560-1'51

Barium
Titanate

40

2300

7000

100

0.03

o to +180

o to 100

5 ft (1.55 m)

I.Go' (45 g)

1% x 1:K6X 9(6 in.
(-12 x 37 x 15 mm)

1560-1'52

Lead
Zirconate (PZT)

75

3200

10,000

100

0.03

-30 to +200

o to 100

5 ft (1.55 m)

1.607. (45 g)

1% x 1316 X 9{6 in.
(.J2 x 37 x 15 mm)

TABLE 2

pos.'-'iblc to increase thC' O\'cr-all measure­
ment scnsiti\·ity b.v 10 db, as illll~tn1tC'd

in Table 2.

50

90
120

40

80
110

Vibration Quantity

db Conversion Factors for Old and New
Vibration Pickup Systems

Soull-il-Level-.lJ eler
rea'ling in db wilh:
Type Type

1560-P/I 1560-PIIB

.-\.ccclcmtion I in scc2

Velocity \ in sec

Displatcment 1 in

as the TVPE 1560-Pl m Vibration
Pickup System and I'eplaccs the Tn'E
1560-Pl LVibration Pickup System. The
control box is designcd to opcrate with
the sound-Ic\·cl-metcr weighting switch
at 20 kc and the calibration control SC't
for a -60 db (I'e 1 \'olt/~bal') micl'o­
phone'. Bccausc thc con trol box is dr­
signe'd for a fixed sound-level-meter
sensili\"ity. thc calibration adjustment
(variable attenuation) requircd in the
control box is reduccd. T'hi~ reduced
attenuation requiremcnt and the in­
creased pickup scnsitivity h::wc madc it

Figure 2. Frequency-re­
sponse chorocteristiu of the
Type 1560·P118 Vibrotion
Pickup System for constant

applied acceleration.
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The frequency-response characteristics
of the TYPE 1560--P11 B \'ibration Pickup
System in combination with the '1'YPE

1551-C or -B Sound- LC\'el Meter and the
response of the TYPE 1560--1'52 Yibration
Pickup are shown in Figure 2.

Calibration

'l'he electrical response of the circuits
in the control box is measured over the
frcqueney range of 20-5000 cps and the
response of each pickup is measured

over the frequency rangc of 10 to 5000
cps..\bsolute sensitivity of the pickup is
then determined at a low frequency by
accurate measurement of the displace­
ment of a calibrating shaker by means
of a microscopc and a Strobotac® elec­
tronic stroboscope. Finally, an oyer-all
operating test of the combination is
performed at 100 cps with a standardized
TYI'E 1557-A Vibration Calibrator."

II,:. I·:. Gross, "T.ittlc Dithcrl'l." Genrml N,!,li., f;J:l'eri­
me'lfer, :11, 11 ,~12, '\'"w'rnhf'r-!)('(· .. ,,,])('r, 1fll;,I,

SPECIFICATIONS
(See Tables J and 2)

Price

$140.00PIKUl'

Code Word

Vibration Pickup System .. , .

Type
--+--------------t----t---

lS60·P118

Mll-STD-740 (SHIPS)

While the TYPE 1560--PllB combi­
nation of pickup and control box meets
the requirements of most vibration­
measurement problems, there are some
specialized measurements that. require
a flat response characteristic to higher
frequencies. For these, the TYPE 1560­
PllS2 combination is recommended,
consisting of the Endevco :\10del 2217
Accelerometer and the TV!'I'; 1560­
P21S1 Control Box. A smal1 holding
magnet, TYPE t560-4020, is included.
(Sec Figure 3.)

Thi, system \I'ith the TYPE t551-0 or
-B Sound-Lcyel :\Ieter pro\'ides the nat
frequcllc.'· rcsponoo and low-noise opera­
tion required by :\lil-Std-7·1Q (SHiPS)
for \'ibration measurement.

The respollse ('haracteristics of this
special control box, an Endevco pickup,
and a TYPE 1551-C or -B Sonnd-Level
:\·Ietcr are showlI in Figure -1-. The
cun'OS show that the electrical system
docs not modify the pickup response for
acceleration and provides true integra­
tion for ,'clocity measurements to well

Figure 3. View of the Type 1560-Pl152 Vibration
Pickup SY5tem with Ihe Type 1551-C Sound-Level

MeIer.

beyond 10 kc. The two intcgrator~ for
di::.placement measurements perform to
3000 (·ps. The limit here is determiued
b~! the internal llOis(' level of the SYf.i­

tem. The decibel cOllvcr::iion factors fol'
this system are:

Acceleration - 1 in/sec' ~ 40 db
Velocity - 1 in/sec ~ 90 db
Displacement - 1 in = 120 db

'I'hcse are the same numbers, often

5
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Figure 4. Frequency.re­
sponse choracteristics of the
Type 1560-PllS2 Vibration
Pickup System ·For constant
applied accelerotion. Elec­
trical responses of the con­
trol box were meosured
with a source impedonce
equivalent to the Endevco
Model 2217 plus its con­
necting cable. The Endevco
2217 response is as specified

by the manufocturer.

I I IIIIII I I I I 11111 ·UI,J,Ub-I I I ITIII I I I linn rIC.K~p,~Nl;--"""

R--' I IUj!:::=:--fACCEL£RAliOIl' Is;sIT~l/
0 11np, +{]"'"'',
, ,.vELOCITY

""- ~Odb.1 IN/SECl,
'" I ;--;, -C:SPLACEIolENT, U20dbo llN)

'II,
""-,

;--.,.,
-,-mll;'::::::-

o

•,
100 200 SOO 1000 2000 $000 10.000 20.000

rREOUENCY IN CYCLES PEIl SECOND

called Chapman Numbers,' that applied
to an earlier vibration pickup system
using a Rochelle-salt-crystal pickup and
used by the 1\avy for shipboard noisc­
control measurements.

lllo\)ert York Chapman. "Electronic Instrumentation for
Submarine :\uxiliary :\Iachiner~' Noise and \'ibnuion
Control." T«hnical Repqrl NQ. 210-61 . .\comaical Re­
search and De~'elopmellt Division, Code 380, En!l;ineer
and He pair Department, U. S. :\laval Submarine fill.$C,
New London, Croton. Connecticut.
~J. J. Faran. "A :"iew Analyzer for Sound and \-ibration
i\Iea.surcmenl." Gmaal H04io E.qU";mtnler, 33. 12.
LJecember.1959.
1:\1. C. lIoltje. ,:\1. J. Fiumorris, "A Graphic Level
Recorder with High Sensilivity and Wide HanRes."
Gmer/J./ H'lrlio Experimenfer. 33, 6. June. 19;,9.

The addition of the TYPE 1554-A
Sound and \'ibration Analyze,· to the
vibration-measuring system permits
measurements of vcry low le\'cl acccicra­
tions. The analyzer and the Tn,,; 1521-A
Graphic Level Recordcr6 make it possible
to record the vibra tion spectrum, either
by a continuous narrow-band analysis
or a continuous one-third-octavc-band
analysis.

-E. E. GROSS

SPECIFICATIONS

Type 1\0.:

:'Ilaterial:

Sensitivity (mv/g):

Heson:ull Frequency (cps):

Capacitance (pf):

:Max Acceleration (g):

Operating Temperature n,ange (oF):

Temperalure Coefficient of Sensitivity (db OF):

Relative Humidity Hange (%):

Cable Length:

Weight:

Pickup Dimensions:

Endevco 2217

Ceramic

72

35,000

350
1000

-65 to +250

< 0.01

o to 100
(Hermetically sealed)

8 ft, 2 in. (2.5 m)

1.1 0' (31 g)

% hex x 0.70 in.
(15.5 dia x 18 mm)

Type Code Word Price

1560-Pl1 S2 Vibration Pickup SY5tem* .......•.•...•....•..•...
*Avll.illl.ble on special order.

l'IWT $355.00

6
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Figure 1. The new reloy-rock model of
the Type 16S0-A Impedonce Bridge.

RELAY-RACK MOUNT

FOR THE IMPEDANCE BRIDGE

The General Radio Flip-Tilt Case is
used on instruments whcre portability
is an important rcquirement. Promincnt
among these is the TYPE 1650-A Imped­
ance Bl'idge.t It is easily carried, is
amply protected during transport, and
opens easily for operation with thc in­
strument panel held at any desired
angle. 1I0\\'e"er, for some applications,
as, for instance, production-line test
assemblies, relay-rack mounting is de-

\Henry P. Hall, "A Universal lmpcdnnee Bridge,"
Generaj 1l(ldiQ b'xl)erim~nler,33, 3, l\lnreh, 1959.

sirable, and we are now prepared to
supply this \'crsatile bridgc on a 19-inch
relay-rack pancl, as shO\nl ill Figure L

An adaptor panel pro\'ides the con­
version to relay-rack mounting. The
cover and handlc are removed and a
heavy, charcoal-gray, cracklc-finish, alu­
minum panel, with suitable cutout for
the instrumcnt, is attached to the
instrument by t\\'o anglc brackets. 'These
brackets make use of the same hardware
as docs the carrying handle for fastening
to the instrument case.

16S0-AR Impedonce Bridge .
U.S. Patent No. 2,872,639 lind 2,006,2.')7,

Dimensions: Panel,
by 315 rom); depth
(130 mm),

'J'ype

SPECIFICATIONS
19 by 12,!,( inches (485 Net Weight: 17% pounds (8.5 kg).
behind panel, .5 inches Electrical specifications are identical with

those for the portable model, TYPE l650-A.

Code IVorll Price

$460.00

figure 2. flip-lilt cose combines
ruggedness with convenience.

7
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GENERAL RADIO
COMES TO

TEXAS

Ed Sutherlond Shirley Redfield

""ith appropriate pride, we announce
the openillg of a 110"- ~alcs engineering
office in Dallas, Texas. Territor." coycrcd
by the l1e\\' offiep, at 2501-A West
Mockingbil'd Lanc, includes all of Texas
(except El Paso), Louisiana, :\1ississippi,
Oklahoma, Arkansas, and Colorado.

Manager of the Dallas Office is
Edward F. Sutherland, who for the past
four years has been a member of our
~c\y York &'11(':-; engineering staff. Ed is
eminently qualified for his new assign­
ment :r\.s an electronics engineer (Cornell)
with six ycarf.;' cxpcl'icl1(,c at General
nadia, he oITel's expert advice on mcas­
urCIl'lCot problems to our 'T'cxas-al'ca
customers; as one born in Texas
(Ilollston), he speaks as a nath"c SOil;

and, at six-foot-sm"cn , Ed can not only
talk to T'exans, but can look most of
thcm in the cyc.

Our Chicago office reluctantly gi,'es
up it~ senior secrctary, :\1iss Shirlcy
Redfield, to Dallas, Shirley, \\'ith almost
20 ycars at CH, is wcll known in thc
Chicago area as a membcr of thc EXCCll­

t,ive Committec of the Chicago IRE
Section.

Dalla., is the latest extension of GR's
traditional policy of scrving customers
directly, Our first district sales office
was opened in 193-1 in ~cw York, and
there are now 11 such offices spread from
Toronto to Los Angeles. These offices
are manned by engineers whose con­
siderable knowledge of electrical meas­
urements is yOlil'S for the telephoning.
And of coursc that goes double in Big DJ

where the number is FLeet\\'ood 7-4031
(code 21-1),

General Radio Company

8
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A NEW CONVERTER FOR FREQUENCY
MEASUREMENTS TO 500 Me

The introduction of our 10-:\(c
(,oullter, the TYPE 1130-A Digital Time
Hnd Frequency :VletC'r,t has stimulated
]'('C!ursts that 'YO produce a companjon
ills! l'lllncnt to cXl,end the frcqucney­
tllC'HHUl'Crnent rangC'. Several Hueh in­
stl'UI11CJlt/3 already cxL')t, but \YO felt
that \\'0 could conll'ibute significant
impI'OH'menb:i ill sC'lIsiti\'it.y, selecti,-ity,
and ('asp of u:,,('. Figul'f' I 8ho\\-8 the
rr:-;ultt'i of our efforts, t he TYPE 1133-A
FrC'quC'lIcy Conn'rlpl".

The con H"rtf'1' hclrrodvl1C's an U11­

kno,,-n input frequency brt\\'cen 10 and
500 ~Ic against a lO-:dc multiple of a
:-::tandard frequency, drrin'd from the
5-).[c timr-ba::-c oscillator of the counter,
"lid applies the Icss-than-Io-:\[c dilfcr­
('11('(' frequency to the' counter. The
in:-;t I'll mcnt can a.lso arnplify w('ak signals
bclwconl00kcand 10 :\Ic to opcrate the
('Quntcr.

Operation of the ('ollvcrler is simple
l1lld st raightfonn1.rd. 'The heterodyne
rrfcrC'llc(-' frequency fo be added to the
('ounlrl' reading is indicated directly by
large' in-line numerals. The range of

lB. W. Frank. H. T. :\lcAleer. "A Frequency Counter
With n :\lcmOQ· and With Built-In Belillbility." G(IleTU/
Radio E.rperiwmler. 35. 5. :\!ay 1961.

output amplitude acceptable fol' the
counter is clearly indicated 011 the panel
meter, and adjustment to this leye] is
made hy an output, control. An input
:-SC'llsiti\·ity control i:-s abo proyided.

.\mong the unique features of the
ill ...,t rument are the usc of lillear mixcr..,;
a tuned amplifier, which can be used or
not, as needed; :-:ignal lights to indieate
propel' eontl'Ol sctting~; and a Ilm-e! dial
readollt to reduce reading errol'S,

Principles of Operation

Figure 2 is an o\"('I'-a11 block diagram.
For input frequencic:Zi abm-c 200 -:\lc a
dual-con\·er;.;ion sy:-;tem is used; ~ingl('

COllY(,I'~ion is u~cd below 200 ".\[c. Input
:-:igllal:-: arc first pas:-:C'd through an at­
tcnuator (('ontrolled by the SEXSITIYlTY

coni 1'01) and through a lOO-~lc-\\-ide

bn.lld-pass filter :"jclectcd by the hun­
dredE'i-reference-FHI-:QcEKCY cOlltroL

Inpllt si(/nals belou' 200 .lIe arc ralliod
to the 2nd mixer, either direct.ly or
thl'Oligh till' tuncd amplifior. In thc 2nd
mixpr, the input signal is heterodyned
l1gainst the tells-rcf(']'cnce freC)ucllc~·

(from 10 to J90 :\[c dcpcnding on thc
setting of the FREQCE:"CY control.o;), !}Ild
1h(' beat-frequency output of the mixC'l'
is passed to the yideo amplifier \\"hel'(, it

Figure 1, Panel view of the Type 1133·A Frequency Converter.
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METER

TUNEo
o

wo
'00
'00

o OR 100
10 110
20 120
30 130
40 140
~O I~

fREQUENCY ~g :~g
lOa's Me 10'S 90 190
~ __~ __ -¢' 90 190

~~'~OO~'~hoo;;;;-~::..:'=~~=---1i~"~'~REFERENCE REFERENCE
GENERATOR 100 Me GENERATOR

5 Me IN fROM 11.30

ATTENUATOR

0.1-500 Me
50 OHMS

Figure 2. Over-all block diagram. A single conversion system is used below 200 Me, a double
conversion system from 200 to 500 Me.

is amplified, metered, Hud applied to tlw
output. The QUTPCT contl'Ol ,"uric:" thr
gain of the video amplifier to srI thr
output level.

Input signals above 200 .11c arc hetero­
dyned against the hundreds-refel'cnce
frequency (200, 300 or 400 .\Ie) in tlw
1st mixer. The 0- to 100-.\[c beat-fre­
quency out,put, of the 1st mixC'r i~ filtered
and then processed exactly likp all input
signal below 200 .\1c. If the signal ap­
plied to the 2nd mixer is be 1m\" 10 .\Te
(input frequencies of 0-10. 200-21.0.
300-310, ~00-41O .\'Ic), the 2nd mixer i,
converted into an amplifif'r. and the gain
of the video amplificr is inCI'("H:;;ed. In
stich cases the tuned amplificr j:-; not lI:-;rd
(since it doesn't operate belo\\" 10 )'Tc).

linear Mixing

A mixer circuit. 118uall.v operates \\"jth
two signals applied. a rcfcl'cncr (local­
oscillator) signal allel an input signal.
The amplitude of the bput-fl'cqUCllC,\'
output depends morc on the arnplitudc
of the 100ycr-level f-Jignal than on that of
the higher-level signal. If thc reference
signal has the higher amplitude. tl1('
circuit \yill function as a lineal' mixC'r for
the input signaL That is, the amplitude
of the beat-frcqucnc~r output \yill be
proportional to the amplitude of tbe
input signal, and, ill particular, tll(' sig­
nal-ta-noise ratio of the input ~igllal \\"ill
be preserved in the output. If t1w input
Aignal has the higher amplitude. hm\"­
eVCI\ the circuit \\"ill Hot operate as a
linear mixer for that signal. The signa.l-

to-noisp ratio of the reference \\'ill be
pre:,;erved, but the signal-to-noise ratio
of the input signal "'ill be degraded.

In it heterodyne frequency cOllverh-'t'
either mixing method can be used. Sev­
eral existing converters usc the nonlinear
method, since thi:-:; cases greatly the rr­
quirements on the purity or "cleanliness"
of the heterodyne-reference-fl'equcney
:signals. For successful meaSUl'ernents.
thf'1'efore, the input signal must be rela­
ti\'ely clean; and, consequently, the
measurement of lo\\"-Ievel signals in the
presence of noise may be impossible.

Since we feel that the burden of signal
purity should be on the measuring in­
stl'lllnent rather t,han on the unknm\"n
signal, clean, high-level reference signals
and lineal' mixing arc used throughout
the TYPE .1133-A Frequency Converter.
As a result, the instrument can bo used
undel' an unusually wide variety of
measurement conditions.

Tuned Amplifier

'To increase the sensitivity of the
in:strument and to reducf' furthe!' t.he
effects of noise and extraneous signals,
a tuned amplifier call br s,,"itc}wd into
the measuring systrrn. "Vith input fre­
quencies from 10 to 500 ~1c, the
amplifier covers the range frOIYl 10 to
200 .\1c. The ampliFier is operated b,'
1:\\"0 controls (sec Figure 3). The TUNING

control S\"itches l,he ampliFier (1) oul,
of the sysl,em (,nDE BAND) to simplify
operation when measuring pure, high­
level signals, or (2) into til(' system

4
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-Thi" n-adonl method was dC\'iscd ;'Olll(' tilll(' ago b~'
G('n('rnl Badio (-'nltincer Warn-n n. h:Ulld(-'rl and is
"lIrr<'nll~' lwinl!" in('orporntcd in !'(-'\'cral ne\\" instrulllcnt!'.

Figure 4, Tuned-omplifier bandwidth versus fre­
quency. For input frequencies obove 200 Me,

omplifier operates from 10 to 100 Me.
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of the sen::-iti\'ity \"CI'StiS frcqucncy of a
typical in:::.trumrllt for both WIDE BXXD

and X.\RROW B.'\:'\I) operation. Thi::: plot
was taken for a beat-frequency output
of 10.1 ~rc, whrl'P the sCIl:"iti\'ity of th('
1ssoeiatC'C1 counfer is poorest. Therefore.
the plot is labeled "\\'orst-easr seils-i­
n\-i ty," For opera tiOll n t ou t pu t llC'a t
frequenciC'f' 10\\"pl' than 10.1 1\[('. til('
srn:::.iti\·ity i::: significantly better,

Readout

Figure G sho\\-3 a close-up of the nc\\'
t~'pr of dial re'adout used on the con­
\'ertpr. Thr readout uscs transparent
plastic dials \\"ith character:::silk-screened
011 the l'C'al', A \\"hite area on the panel
bphind thc dials dTccti,"cly llillumi_
nnlr~" th(' desired charaders-, and a
uniform ill-lillP indication is prpselltecL *
The l'padollt ha~ ("\\"o main ad\'antagc:-i:

1) ThC' d('sired information ah\'a~'s-

Figure 3. Tuning
controls. Signol
lights indicate
proper setting.

(K.\RBOW TIA:\O) to cnnhlC' mC':l$lIrC'mC'1l1
of nois~', 100\--IC'\"el y.;ignn I~. I 1 :tl~()

~C'IC'rt:" onC' of thC' -I- coil:-; )lC'('C's:-;nIT 10
('ow'r thC' 20-to-l tuning rangC'. ''I'h<­
'IT \" I·: control adjust$ thr tllllin}!; ('apaei­
lor of thr nmplifirr. Thr po~iliollS of 1Il('
'rl':\I\"G control ('OITC'SPOlldillg hl the'
diffprPlit nmplifi('r tUlling ('oils Ul'('
illdi('u1C'd hy lights. "'ith th(' 'I'U:\IXG
('ontrol in th(' WIDE BAXD po~ilion, th('
WIDE B:\XD indic:],lor light \\-ill glow.
\"ith tl1(' 'r{'XIXG ('01111'01 ill :\IlY XAHBOW
B.-\.:\n position. 011(' indi(,:lIOl·'light \\'ill
glow, :-;howing lhf' positioll 10 \\·hi('h the'
control should 1)(' SC't. Th(' indica10r
light:" :11'(' eont rollf'd h.\· th(' srU illg~ of
th(' FREQl'F;:,\,('Y controls, For rxnmpl(',
with thr Frn;qp!·;l\('Y rOIlll'Ol~ s('1, to 330
)'k. til(' sf'rolld K.'\ BHOW B'-\:\J) indicator
light '\'ill glow, sho\\-illg that Ill(' 20- to
--10-),[1' l'nngr of thr tllll('d :lmplifirr
should hC' lIsrd. For ('Nlnill po~itiol1~ of
thp FBEQl-!':K('Y ('olltrol::: (00, 200, 300,
--100) th(' WII)E BAXD indicator light \\'ill
I'('main on ",hPll 111(' 'IT:\I:\(i control i~

mo,-C'd, indiraling that thp tllllPd a.mpli­
flpr ('allllot h(' \1SNI. For t h('s(' posit iony.;,
as IllC'lItiollPd ahow', thp gain of til('
out put ~rnplifi('l' is in('l'ca~rd ~o that no
lo..;;~ ill :"cn::-il ivit y occurs.

III :lddil iOIl 1'0 iIl('rp[l~illg tll(' srlly.;i­
li\-il\" of Ow instTlImPllt IH'(':1I1S-P of ity.;
I!:aill: thr tunrd nmplifl('l' also pro\"idps
~rlr('ti\'it:v 10 guard n~:l.in~t noi~p :111<1
f'xt rallPou~ s-ignal~ \\-hieh may pxi:-:t
\\·ithin the' ± 10-1\[c rOIl\'(,I':-:ioll h:111d.
FigurC' --I shO\\"s a t~"pic;d plot of thp
h:lIld\\-idth \'rr~lI~ frpquPliry of til(' tllll('d
:1mplifi('r.

'I'll(' s-rny.;itivit..', figul'ps li:::tN] ill the'
ill:"tnlmC'llt spreificulionf' :1.rr hl'Oad, ull­
ill{'llI:"i,'c figurrs. "Figurr 5 showy.; a plol
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, .:NARflOW

Figure 6. New in-line digital readout.

Over-all Versatility

In this all-in-one-package, \yide-range
convcrter, rugged construction and long­
term reliability arc combined \yith a
number of important operating f(~aturps

- high scnsitivity, the ability to make
mea~lI]'cments in the presence of noi:;;c,
positive identification of frequency, and
simple controls - to producc an instru­
mcnt: of maximum usefulness III pI'PCI~e

frequellcy measurement.

- H. T. :Vlc.-\LEER

Figure 5. Typical over-all sensitiviTy of converter
and counter for 10.1·Mc counter indication. This
is worst case. Sensitivity is better for lower con-

verter oUTput frequencies.

10 100 150 200 250 300 350 40 450 00
INPUT FREQUENCY-Me

occurs in the same region on the panel,
lessening the chance for operator error,
and

2) Since the dials are not hidden be­
hind the panel, the operator can easily
detennine \yhich \\"(1\1 to rotate the con­
trols to increase 01: decrease the fre­
qUf'ncy setting.

CREDITS

The design ane! development of the TYPE

1133-.A FrcquelH'y Convertcr was carried out
by \\T. F. B.vers and H. T. :\'1cAleer, assisted
by S. Samollr. Progress from conception to
completion was supported by G. ),'eaglf', me­
chanical design; W . .\Iontague, deBign drafting;
n.. H. Chipman, production cn~ineering; and
\Y. P. BUllek, test engineering-.

- r:·DITOH

SPECIFICATIONS

INPUT
Frequency Range: 100 kc to 500 :'>ore.
Sensitivity (with the Type llJO-A counter): Bet­

ter than 10 millivolts Oil narrow band; bettcr
than 100 millivolts on wide hand. Sec Figure 5.

Impedance: 50 ohms.
Reference Frequency Required: 5 :'Ire, 0.1 volt,

nns, into 50 ohms (normally snpplied from
5-.\lc output connector on TYPE 1130-A).
OUTPUT

Frequency: 100 kc to 10 :'>orc.
Amplitude: 0.25 volt to 1 volt, approxima.tely.
Impedance: 100 ohms, approximatf'l:-'.
Noise and Harmonics: );aJTo\\'-band operat.ion

provides filtering t.o redu('e noise and c:-.:tralleous

signals. Linear mi-;:cr preserves signal-to-noise
ratio during ron version prOf·CSS.
GENERAL

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

Accessories Supplied: Two coa:\ial patch cords
for connection to counter, Olle coaxial ('able
connector, onc 3-wirc powcr cord, and spare
fuscs.

Dimensions: Bench model, width 19, height
7>0, depth J7~ in('hes (-1-85 by 190 by -1-50 mm),
over-all; rack model, p3lw1, 19 by 7 indws (+85
hy 180 mm); depth behind panel, 1-1- inches
(355 mm).

Net Weight: 34 pounds (15.5 kg).

'l'ype Code IVord Price

1 \JJ-AM Frequency Converter, Bench Model .
113J-AR Frequency Converter, Rack Model ......•.• , .

U.S. Patent No. 2,548,457.

NOVEL
NI~WEL

$1250.00
1250.00

6



DIGITS CAN

DECEMBER, 1962 ~

LIE
A Discussion of Error Sources in Counter Measurements

Since its introduction HOIlle' 15 or so
.w·al'~ ago, the counter, 01' digital time
and fJ'f'qUCllCY I1wl<'I', ha:-s become a
widely u~cd elect ronie imit.rurnent, al­
most as llhiquitoll~ as the vacllum-tube
vollmctpl' 01' the oscilloscope. \Vondcl'ful
a:-i this ill:-itrull1cnt sccrn~, ho\\"c\'er, it is
:-;1 ill eupable of produC'ing wrong an5\\'(,1'5,

('\"('11 though il~ circuits may be function­
ing perfectly. Recognition and unc!el'­
~tandillg of the :-:ourcc:; of error will
rnablc onc to minimiz<, their cffect~ ancl
to impron~ the u~fuln('ssand reliability
of countpr mcu':-:;UI'Cll1pnts.

\\'hen u:iing a countC'r, Dill' ~hould

kC'C'p ill mind the di:-:t inct iOIl bcbn:'C'1l
prC'cision and accuracy. Preci:sion de­
scribf's the degreC' of fine!less, the least
,..;ignifict1nt figures, of a rnCU,'5Ul'emPllt i
accuracy indicates the pO:'j:-iiblc extent
of error. For example, it i:'j quite possihle
(and fairly common) to measurc a tirne
ill!rl'val with a COUllj,rl' to a precision of
O. I ,u'iee, but \yit,h an accul'acy of only
± I rnscc.

The simplified block diagram of
Figure 1 sho\\"t) the fi\'c hasic circuit
blocks or a digita.l t irnc and frequellcy
ITleter: input circuits, tirne ba,<;:c, main
gatp, program control, and decimal
('ounting ullits. The input ein'uit::; gener­
ale trigger pul~es frorn thi' input signal.
For frequcncy ITle3:-iurrment these trig­
~rr p1l1;,;es are counted b~' the decimal
('OUllt illg units during a time intern1l
ucriyed from the tirne base; for time
meaSlIrel11ellt the trigger pulses cauSf' the
main gate to start and :-;top the flo\\" of

Figure 1. Simplified block diagram of a digital
time and frequency meter.

limC'-ha,..,;p (,Io('k pulsC's into thf' df'('imal
('ounting units,

The program COllt 1'01 !'Ouj,es pulsc:-i 10
OPC'11 alld elm:ip the 111aill gate, selects Hlr
pl'Opel' pulses to 1)(' rOlllltrd, ('on troIs the
display, and handles the resetting oprl'­
at iOlls.

Enol':'j ran, of ('our:-;P
J

OCCIII' if allY of
thrsC' (·irrllit blo('ks malfundion, hut \\'e
arC' rOIH'PrJled hpre \"it h elTors due to
other rauSf's. Su('h el'ror:-; occur mainly
ill the tinw-ha~p~gale, and input cin'uits.
80111(' arC' inherC'nt in t he counting :-;ys­
tem; 01 hC'l";-; dC'ppnd IIpon the nature of
t he si~llal to be mraslIred.

INHERENT ERRORS
Time-Base Error

T'hr j imp-basp rpfrrrncp for most
eoulltpr;o:i is a quart 1I-('ryst:1,1 os('illalor.
Sueh o~ciltatol's :UP CX('('pt ionally aC('L!­
rate and stablr hilt will still orift ill
fl'rqllclicy with t imp and should hp r0srt·
oc('asiollully. 8ati.<./artol'!/ ,':('If-chrcl~ Opf'l'­

alion oj a co'Untf'1' dop.') not inrhcatf' thp
accuracy oj the time-hasp Tfjer('nCf> jt('­
quency.

One-Count Goting Error

l1ecallsr the ratr of thr trigger pllls('~

thM <.lIT' ('ounted is not usualh: s\'n('l1ro­
nous \\'il h the rat(' of the pulses that arC'
opelling and ('losing Ih(' rnnin gate. il is
possihlr for a t rigl?;('r puIS<' to ()('('lIr
sirnul1<lIlPously wiih a. gating pulsp and
not t () !Jp ('ountpd (s('(' Figure 2). Thi:-.
!C':lds to tllP So-('u!lrd oll('-('ount gal ill~

('1'1'01' thr po,..:,..:ihility that any parli('lI­
lar mraSIll'PlllPllt may hp ill ('ITOI' by onC'
('OUllt. TllP pPITPniagr C'ITOI' \'Pl'S\lS fl'r­
qlll'lH'Y, ('uus('d hy thr gatillg rlTor, is
plotjrd ill Figure' ~ for various n1f'thodr­
of mpUSlllT'mellt.

Thi:-; ollr-('ount gal ing Pl'I'or appliN,
only to a singlp mC'u:-;\II'('IlWllt. In u:-pri('s
of mpUslll'pmf'llts of the' :-:nme quantity
(:1. typiealusc of a ('ouIlIcr) the ansu'('1' i.'i

7
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lirnilel' and a trigger pllI~C' gCllerator. [II

1l10~t countcl'S. a S('hmill (01' ~illlilnr­

typC') ('ircuit g('n(,l'ate~ a triggC'1' pIII:-:C'
wllC'1l t hC' inpu t-:-:ignil I \"01 tagC' intren~:,
ahO\'C' a certain reff'I'C'lIcC'-\'oltage I<',"C'I
and 1'C';,C't;;: itself whC'n thC' input volta~e

fall:, hf'lm\' anothcr Ir \"{.. I, as illustl'aj('d
ill Figure -1-. The voltagC' difTrrrncc bc­
tW('C'1l til(' triggPl'illg aile! l'('sC'ltillg ]c\"('lfoi
is rall<'d the "hystpl'csis" voltage of the
('Ollllh'l' and dctC'nnill(,~ thc minilllurn
input \'oltage ll('{'(,~s:lry to oppratC' the
input (·ir(,lIit~. A triggrl'-Ie\'cl control to
adj IIs1 t 110 a hso[u t (' vol t agC' of ttlC' tTig-

TRIGGERlkG
LEVEL

ll£SErrii<G­
lEHlFigure 4.

Operation of
input circuits.

L COUNTER Jl£AOS

COllRECT ANSWER.,

T~~:: _LI-17IL-,I~-,I-..L--,-,/t-----'-
MAY OR MAY kOT liE COUNTEO

GUE I,----------,L
------.J COUNTER REAOS

•• ~.Oll ti

alJerC!r/fd, and the one-COllnt error di.cap­
pears. For exampl('. if the true nt.!ue of
UH' la~t digit is brt\H'el) ~ alld 5, say -L51

the reading \\'ill jump hack f1Jld fOl'th
bC'twC'en -I- and 5. By oh~l'\'ing thC' rcla­
tin' ratc of OCCIIITell('(' of t!w t\\"o cligit~.

the operator can ('~timatea digit be~'OIld

the la:-;t onc displa~·ed. OllcidelltallYl if~

ru:-:ier to do thi.-i wit h the thf'rmomC'tC'r
t~-p(' of readout than with t}w mor('
popular in-line readout.)

Figure 2. One-count gating error, Pulses
occurring simultaneously with the gate may

or may not be counted.

ERRORS CAUSED BY NOISE

Therc is an additional group of rrrors.
which (\I'C caus('d by 1l0i:,C'.:"Joi:,(', ill t'hi~

instance, refers to anything that C(1UfoiC:-i
thC' inpll{, signal pro('psspc! hy L!w COHntN
10 hc odlel' thall fL p(,l'f('ct sinc \\'avc' of
infinitc sigllal-to-Iloi!';(' I'at io. IVIociulatccl
signals, 1'01' example, may be ronsiden'd
lobe noisy signa Is.

Thc effects of noisc depcnd dircctly
upon the operation of thC' input circ'uits,
\\"hich function bot h as an amplitudC'

.-.

0,00001 I'---:-"'i"--+---I--+-+-~--"I."

~--,,"-...,f;,....--;\,,",-,;,/,,,,,-;,o<oot.,,,--,,Jc.,,----.1:"o,,1.o'·
om .00 'moo. 100 ~ ••, 10 ~.oc ,~,,, 0.' , ...

rREOUEkn OR P(R'OC

Figure 3. Percentage error versus frequency
caused by one-count gating error.

gC'ring and rC'f'11 illg 1('\'C'ls is \'(,I'~' u;,eful
ill combating til(' C'fTc<'!:-; of noi~(' and
ohtaining maXimUJl1 input sen:-:.iti\'iiy.

Frequency-Measurement Errors

I~l't'ol'f-; ill fl'rqllC'nry mC'fl,SIII'f'nWlll CUll

\)(' (,:Lll~('d by modulal iOl1, eit Iw]' ampli­
tud£' or I'r('(I\I('I1('Y, 01' h,v thr cxis!p1J('C' of
spuriolls signals along \\"ith the dcsil'('d
~i~l\fll.

Amplitude Modulotion

If thC' input ;;.;ign:\1 is flll1plittide-lllodll­
lat'C'd. flll ('ITOI' Illa~' o('C\lr if the' triggN­
iug )C'\'cl i~ ofTSf't a~ shown ill Figur(' 5.
\\'ith thC' trigg(,l'ing flnd I'C':-'('tting Ic\'cls
adjm;fed s~'lllnl('tl'i('all~' ahout 0 \'olts.
howC'\"C'r, the rorred f!'C'f1uency \\'ill hc
mC':1:-lIl'C'C1 a~ long a:-: ill(' minimum peak­
to-pC'uk C':,\cur;;.;ioll of thC' input signal is
grrft,t rl' than til(' hysi rrC'si:, volt flge. 1~\"(,11

with optimum adjlu..;j,lllcllt- of thr tl'ig;­
I!;rrillg le\'('I, how('vC'l', pulsps \\'ill hp lost
if l.hr drgl'cr of modlllntioll I'cducps the
vol t'fLgr eX('1I rsiolls to less t,han the hys­
t('l'e~is voltage.

frequency Modulotion

Thc ('ollnkr is oftC'n u~('(l to lllC'a~urc

variou~ pl'opertic;o; of a fl'C'qllcllcY-lllodu-

8
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Figure 5. Error caused by
amplitude modulatian.

lalrd !'ignal.' It can m('H~UI'(' the average
nduC' of an input. frcquency during the
cho~en (,oullting inten"al, prO\'icled that
the frequency rcmain~ \\"it"hin the reso­
lutioll capabilit~· of thC' instrumcnt" If
the frequency rises abO\'C' the maximum
coullting rate of the instrument or. falls
belo\\" the mininnnn rute, pulses \nll be
lost and the measurement will be in
crror.

If a heterodyne frequcncy COI1YCI'tcr
for high-frequcncy measurements is
used. care must be takell that frequency
modulation does not c1l'i\'c thc input
frcquency do\\"n through zero beat with
the heterodync refcrence frequency ancl
/lout thc other side," 01' thc countpl'
reading \\"ill be jncol'l'ccl.

Noise

If the desired signal i!-i accompunird
by Iloi~c sufficient to cause extra tran­
si'j iOlls of the h~".st ('l'er-;i;-; r('gion. as .shown
ill Figure OJ extra COUlits will bc regis­
terec!. This crror call oftcn be combated
by adjustment of the triggering leyel to
the region of steepest signa I slope 01' by
attenuation of both signal and noise_
:\ote that it is the ab"olute \'allle of the
noi;-;C' \'oltage that i;-; important, rather
than the sigllal-to-noi:-,e ratio" In a
counter with a 0.2-\·01t hy:-:teresis region,
for example. a 10-\"oli signal accompa­
nied b\" I \-olt of noise will not be meas­
ured correctly. Attenuating the input
10: 1, hO\\"£'Yel', leU\"cs a signal of 1 volt
with O.l-yolt noise, which ,,"il1 be meas­
urcd \\"ith no difficulty.

The situation dc~cribed above i~

II. Gooier and P. S. Chri~tcns<:n. "Xc\\" Method of
:\Iell.~uring F:\I De\"iation l"~ l:Ie--lronie Cnuntcr,"
COll'll/i'HI ElecfrQni~8 Enqillurin". Jlll~" 1962. p. 38.

DECEMBER, 1962 ~

slightly o\'ersimplified; it is correct for
signal and noise fr('quenc'ies \\-ell below
the maximum triggering rate. The hys­
teresi:s yoU age of most counter input
circuits is not constant for all input fre­
quellciesi it decreases at frequencies ap­
proaching the maximum triggering rate,
m"en though the O\'cr-all scnsitiyity of
the counter may decreasc. r\. 10-:"c
countel', fol' example, will be more scnsi­
tive to IO-Mc noise than to l<\'lc noise.

Interfering Signals

Occasionally it is necessary to 111casurc
the frequency of a signal ill the presence
of another signal of nearly equal ampli­
tude. Counters ha\'e been seyerely, and
:somewhat 1I1ljuslly, criticized for being
unable to make this type of measure­
ment. The actual situation, hO\\"eYt"r. i;.;
not as bad as may be belieyed.

A capture effect occurs ill the input
cire'uil~ of a counter, ~imilar to that en­
countered in F.\t recci\·ers. Figul'f' 7
!'iho\\"s all experimcntal CUlTC dcscribing
the effect on a countC'r measurement of
t\\'o f:o:ignals togf'thcr. If the frequency of
the interfering signal is much highcr
than that of the desired signal, the
interference behayes like the type of
noise drscribed above. That is, if the
peak-to-peak intel'ference \'oltage is les~

than the hystere,is voltage of the
coun1er, it ,,"i']] cause no difficulty. If the
interfel'ence yoltage is greater than the
hystere!'iis voltage, hO\yc\·el', it may cau~C'

error::- - depending on the ratio of thC'
frequencies of the t \\'0 signal~ and their
amplitudes..-\s the interfering frequency
approaches the de:-;ired frequency, the
counter can tolerate more interference
amplitude beforc making an erml'.

Let LIS consider the case of an inter­
frring frequency close to thC' desired fre­
<luen('~' as the interfrrence amplitude'

TR'GGER'NG lEVEl,

RESElliNG
l(V(~

..... INPI,IT SIGNAl.

Figure 6. Effects of additive noise.
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f INTERFERENC£MEASURED
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Figure 7. Capture behavior of a counter. Counter ignores on interfering signol with amplitude below the
shaded area. If interference amplitude exceeds shoded oreo, counter will mecuure interfering signol only.

('ollnh'l' mf'astll'f'S 10\\'('1' fI'Nlllf'tlC.\' if

V <f.!.v + ",;h .f,. I \. I

\\·h('l'e:

VI. prnk-l a-peak amplitude of
high('l' fl'rCjucncy signal,
peak-tn-poak amplitude of
IO\\"('I' fl'Nluency signa],

.h highel' frNIUf>nry,
II 10\\"('1' frf'quf'ncy,
j, = hyst r!'f'sis \'oltagf> of counter,
1\ = a faetor varying bet\\'ecn 1

and 2.

Tf Iwi t her ('ondi I ion is sat isfied, the
('ounter will givp C'ITOIlf'OUS readings.

.\ count(,l", th('l'('fol'p, has a dcgree of
inhf'l'f'nt immunih' to inteJ'ferC'nce. If the
intf'l"fC'rillg fl'C'qUC:~lCY is 10\\'cr than the
dC'~irC'd ;-;ignal frC'quenry, it will he CQIll­

pletC'ly ignorC'd hy the counter if its
alllplitudr i::; I('ss than the signal ampli­
tude hy at Iraf:it thp hysteresi::; F)ltage.
As the interfC'ring fJ'N1UCn(',Y exceed::: the
:;:.ignal f!'('{jurney. til(' counter can tolC'r­
ate less and Ip~s intf'rfpl'pnce amplitude
but) in thr limit, will still ignore intf'r­
ferenc£' amplittldps Ipss than tlw h~':;:­

tf'rp:;:.is ,·oltagr.

illf'l'ras('f) from Z('I'O, The composite \"olt­
ag;c' hf'gins to wax and wallc at a ratr
(·qual to 1,l1r difYf'IT'Il('C' fn'C)ucncy and
with all C'lIVP]opf' an1plitlldc equal to
that of l,h0 itlj(,J'ff'l'C'tH'c. The voltagf'
w[tVCfOI'lYI looks likp an amplitude-­
modulated \VfWf' , c:xcrpt tha.t the phasf'
of Lhe "canif'J''' is nl::;o varying:. Thp
avr-ragc fl'rqllC'Jlcy \\"ithill the modu­
lation rllvrlopr, i.f., thr average rate of
posit i\'e zrro ('rossillgs, is Nllla] to that
of the larger-amplitude, 10\Yrl'-frequcllcy
;-;igna.l. Thr ('ountrr will continue to
nlC'asuJ'C (hr 100,"rl' frrquellcy until the
illtPrfcrrll(,(, !>rC'omC's gl'C'at rllough to
('omp1'rss t hr ('on1po;-;it (' voltage ampli­
tude within t hp hystC'l'rsis voltage limits.
.\s thr illtrrfrJ'rllcP "oltagC' inCI'C'asC's
:it ill fUl'thC'l', th(' ('ount('r "'ill gi"e prratic
I'P:lding:s unt il th(' amplitudf' of tllP intC'r­
fpring signal ex('eeds (hat of the dpsin"d
:iignal hy an amount equal to the h~rs­

tC'J'Psi::; vol tagC'. A t that point and beyond,
lhe counter trill tead the hi{Jher j,.eque-ncy.

This two-signal beha\'ior is summa­
I'iz('d in the follo\\'ing approximate rp­
lations:

Countrl' mrUSlll'{'s highpr freC{upncy if
1',>1',+.'1;
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Errors in Period Measurement

For period measurements, trigger
pulses generated from the input signal
open and close the main gate and control
the flow of time-base pulses into tbe
decade counters. The accuracy of such a
measurement depends on the time accu­
racy. witb ,,·bich the t,·iggcring-level
crossmg of the sIgnal can be determined.
~rrors in this determination may occur
for s~veral reus<?lls: the triggering-level
crossmg of the sIgnal may vary because
of drift, hum pickup, noise etc. or the
triggering level itself may v'ary f~r simi­
lar reasons. Figure 8 illustrates the effect
?f uncertainty in either signal or trigger­
mg level. These uncertainties are addi­
tive and can be combined into a single
fC • 11 It F· .nOIse vo ,age. or sme wayes tngger-
ing at zero crossings, the followin<T re-
lationship applies: 0

M ·01 IVax effor III /0 = ± - ~ X 100
" V.

where Vn = peak noise \"oltagc,
Va = peak signal voltage.

Stated in otber terms, the fractional
error caused by noise is about one-third
th~ noise-to-signal ratio. For example, a
nOIse voltage of 3% can produce an
error of about 1%.

The effective noise includes both noise
present in the signal and internal noise
gcnerated by ~he counter. 1'he internally
generated nOIse depends on the im­
pedance of the signal source and the
positio~s of the c~ntl'ols. For example,
measuflllg the penod of a clean sional
of I-volt rms amplitude from a 600-~hm

TRIGl'ER;HG
L£vEL

liHCt:RTAINTY

-r--~C-7'C-+----TRI(;GERltlQLEVEL.

I
j

SIGNAl. LEV£L.
I,INC£RTA,t<Ty

Figure 8. Effects of uncerfointy in signal ar
triggering level.

DECEMBER, 1962 ~

source will yield an accuracy of about
0.05% on a General Radio TYPE 1130-A
counter, indicating an effective internal
noisc of about 2 mv. A lQ-periods meas­
urement is at least 10 times as accurate
since the time error is compared "ith a
time interval 10 times as long.

The above remarks apply to noise of
a random nature. If the noise is periodic
the measurement will display a cycli~
variation, and it is possible to estimate
the mean value of the measurement with
greater accuracy than that indicated by
the signal-to-noise ratio.

Errors in Time-Interval Measurements

'fhe sources of error descri bed above
apply also to time-interval measure­
ments. 'fime errors caused by noise on
the start and stop signals or trilTlTerin lT
I

00 0

e"els can be expressed as follows:

T = ± ]1.
s

where: T = error in seconds,
V n = peak noise voltage,

s ~ slope of signal in
volts/second.

r~S the slope of the signal increases, the
tlmc 01'1'01' caused by noise decreases, so
t~at, rar ~l'ief pulses or voltage steps
WIth nse tIme comparable to one period
of the counted frequency, the measure­
ment error is reduced to ± 1 period of
the counted frequency ± tbe error of
the time-base reference.

Two Rules-of-Thumb for Counter
Measurements

T,m good rules-of-thumb to follow
are:
1. A steady reading is usually correct;

an erratic reading incorrect.
2. When in doubt, look at the input

signal with an oscilloscope.
The purpose of this discussion has

been to acquaint the reader with some
of the causes of error in counter measure­
ments, not to weaken his confidence in
such measurements bu t, rather to bolster
that confidence through better under­
standing of the principles involved.

- H. T. :\fCALEER
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find most replacemcnt parts stocked at
all six scrvice centers.

Customcrs in need of service may
choosc whichevcr of the six officcs is
most convenient. For faste:;t, most eco­
nomical scrvicc, wc rccommcnd the
officc locatcd Ilcarcst to you. 'Vhichever
office you choose, you \yill find the
cxpcrt, courtcous assistancc that has
long been part of the GR tradition.

CAPITOL SERVICE

The establishment of a service labo­
ratory at our 'Vashington, D. C., office
brings to six the numbcr of such oper­
ations in the U. S. and Canada. Donald
\V. Brown, formerly Service Supervisor
at our New York Office, hcads the new
facility, located at Rockville Pike at
Wall Lane, Rockville, Maryland (Tele­
phone 946-1600). At Kcw York,
Raymond J. Jones becomes Service
Supervisor.

All six servicc officcs are fully staffcd
and equipped for the repair, recondit,ion­
ing, and recalibraLion of Gcneral Radio
inst,rumcnts and for the certification of
General Radio standards. All \\'ork per­
formed by our servicc departmcnt is
guarantccd for one ycar. Customers prc­
ferring to make their own repairs \yill

Donald Brown Raymond Jones

"Bridges and Techniques for
Impedance Measurement" was
the title of a seminar recently
conducted by General Radio
engineers at the plant of RCA
Victor Company, ltd., in
Montreal. Morning lectures by
Dr. John F. Hersh were fol_
lowed by afternoon workshop
sessions. Participating in the
seminar were engineers from
RCA Victor, Canadian Aviation
Electronics, Northern Electric,
and Canadian Marconi. The
photo shows a workshop on

coaxial·line measurements.

12

General Radio Company
extends to all Experimenter readers its best wishes

for a Happy and Prosperous 1963.
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