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IMPORTANT MANUFACTURERS
and LABORATORIES such as these

dejiend upon

Laboratory and Production Instruments

The acceptance of -bp- Inscruments by many of
the leading industrralists ‘and research men
throughout the country offer adequate testimony
as to their dependability, and usefulness. A few
examples are shown below:

Galvin Manufactuving Com pany, makers of the
famous Motorola radio equipment, find -bp- in-
struments extremely useful in checking perform-
ance of these well-known products. In service at
this factory is a Model 300A Harmonic Wave
Analyzer and a Model 205A Audio Signal Gen-
erator.

The Rockola Manufacturing Com paizy uses an
-hp- 205AG Audio Signal Generator and 320A
Distortion Analyzer to check the audio equip-
ment used in the Automatic Phonographs they
manufacture,

Brush Development Company uses an -bp- Re-
sistance Tuned Oscillator to check the AF per-
formance of the Self Inking Oscillographs chart
low frequency electrical fluctuations with as little
as .001 volt input. Such an instrument requires
accurate testing and the -bp- oscillator does an
important job.

QOne after another leading manufacturers and
laboratories are putting -bp- instruments to work.
These time and money savers are paying divi-
dends to owners by providing accurate, high-
speed tests and measurements on production lines
and in development work.

SEE INDEX
AT BACK
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RESEARCH into the fields of electrical engineering, physics,
chemistry and all phases of science is greatly aided by the use of
modern electronic measuring devices. The accuracy with which
measurements are made is the yardstick of progress. Time is always
an important element. Thus, electronic instruments should com-
bine speed of operation with accuracy. It was with this idea in mind
that -bp- instruments were developed. In all -bp- instruments the
accent is on speed combined with accuracy. Speed is obtained by
simplicity of operation—accuracy by advanced design and con-

struction.

On the following pages is a comprehensive description of the
-bp- instruments which are now in use by leading organizations
throughour the country. Continual engineering and research in
the -hp- laboratory is resulting in newer developments and addi-
tional instruments to answer the increasing number of problems

encountered in the field of electronic research and production.




CAREFUL ENGINEERING ASSURES DEPENDABILITY

ALL -bp- instruments are the result of long research in a well-equipped laboratory.
Their acceptance by leading engineers in practically every type of operation where elec-
tronic testing devices are used provides ample testimony as to their dependability. The
fact that purchasers of -bp- instruments have approved the performance of these instru

ments is indicated by the repeat orders which come in daily.

Dependability of -bp- mea.uring devices is assured by the rigid standards maintained
in production. Prior to shipment, each instrument is carefully adjusted and its perform-
ance checked against accurate standards. Even before the instrument is assembled, com-
ponent parts are measured and rtested to insure precise performance in the finished
instrument. Needless to say, -bp- instruments themselves are used in the production line

to check the accuracy of other -bp- instruments being manufactured.

Here a Model 300A Harmonic Wave Analyzer is A Model 400A Vacuum Tube Voli Meter under test
being used to measure the distortion components in in our Test and Calibration Department.
the output wave of an oscillator.
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Complete, thorough testing of -bp- equipment them-
selves in a well-equipped laboratory insures mnear
perfection. Here in this section of -bp- laboratories,
each instrument is calibrated to a fixed standard.
Lissajous patterns are established with an oscillo-
graph to determine the accuracy of dial calibrations.
These patterns are revealed when the calibration is
in exact conformity with the frequency standard.




Revolutionary Resistance-Tuned Principle

Provides Audio Erequency Oscillators
With Many Qutstanding Advantages

’I‘HE purpose of an Audio Oscillator 1s lator is much more stable and produces less

to generate a stable signal which can be distortion than the common types of vari
accurately controlled. This signal is used able frequency audio oscillators on- the
to check the performance of audio ampli- market today. Low temperature coefficient
fiers, broadcast transmicters and other elements in the resistance network keeps
equipment. Minimum of distortion, low thermal drift at the very minimum. Further-

thermal drift and constant outpur over a more, this thermal drift is not magnified as
wide frequency range are attributes which s the case with the beat frequency oscillator.

such instruments should possess.
A unique balancing circuit automatically

The -bp- Resistance-Tuned Audio Oscil- selects the proper operating point for the
lator utilizes a network of resistors through oscillator and keeps the distortion at a low
which regeneration is supplied. The effec- level at all times. Thus no manual adjust-
tive “Q"” of this network is maintained in ment of the operating point is necessary.

a high order by the negative feedback in The principles of this new development by
the amplifier so that the frequency is stable. the Hewlett-Packard Company are dis-
Fundamentally the Resistance-Tuned Oscil- closed in U. S. Patent No. 2268872.

1 I ” =
Relatively few circuit elements are required in these Thermal drift is kept at a minimum by low tempera-
oscillators. View above is of sub-chassis. Note the ture co-efficient elements in the resistance network.
clean-cut arrangement of the elements and simplicity The frequency is tuned over a 10 to 1 range by means
of wiring in the view of the sub-chassis above. of the variable condenser. The range is multiplied
by selection of the proper hresistor with the panel
switch,
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The -bp- Resistance-Tuned principle is excellent for many special purposes. The frequency can be
extended several decades to the lower radio frequency range. Because the frequency is stable over
long periods, -bp- resistance-tuned oscillators are ideal for operation at very low frequencies. Special
problems in audio or super-sonic oscillators will be given careful attention and the proper instrument
developed to meet your need. Standard Model 200C [above] has a frequency range of 20 cps to 200 kc.

e

b SN

All -hp- instruments are available for relay Special instruments can be supplied in many cases

rack mounting as well as in cabinet models. to meet vour exact requirements, Above oscillator

Above is Model 200BR tesistance tuned Audio a special Model 2021) delivers frequencies from 2 cps
Oscillator for relay rack. to 70 ke with a nearly constant ourpuc voliage.
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SIMPLICITY s

=~hp- Instruments are as Revolution

’1—2) GAIN speed of operation withour sacrifice of accuracy,
all -bp- instruments are designed to operate with a minimum
of adjustment. For the first time a variable frequency audio
frequency oscillator which does not require a zero adjustment
is available. The -bp- vacunm tube voltmeter is as simple to

odel 205AG is connected to measure the oferate as a multi-ran ge d-c instrument,
gain of an amplifier.

The use of audio oscillators is not by any means limited. to
the electrical engineering field. One interesting application
of -hp- Resistance-Tuned Oscillators is in the determination
of Young’s Modulus of samples of concrete. In this measure-
ment the output of the oscillator is connected to a magnetic
driver to which the concrete sample is secured. The oscilla-
tor frequency is adjusted to determine the resonant frequency
of the sample. From this measurement and other data, the
characteristics of the concrete are determined.

Of course, the large group of applications for -bp- oscillators
is in communications and electronic fields, where the use
and importance of an audio oscillator is well known. Va-
rious oscillators have been designed to meet specific require-
ments generally encountered in this field.

Model 400A is being used for measurements
on a Radio Compass.

Curve below shows the output voltage versus frequency on the model

Below: A Model 205AG is being used on a research project 200C. Mote that the frequency response is under == 1 DB over 4 decades.
at the Stanford University Communications Laboratory.

lII--III-I!!!-!
N N e

u T T T II--III--III--

-]

QLTAGE JOUTPUT -
' |

MEASUREMENTS
TAKEN WITH
RATED OUTPUT.,
10004 LOAD

FREQUENCY - CPS

MCLEL 200C




Page 7

the KEYNOTE

ary as the One-Dial Radio Receiver

Another method -bp- uses to increase the speed of measure-
ment work is to provide equipment to do the complete job
all in one cabinet. The Model 205AG is a good example of
this all-in-one combination of instruments. This instrument
incorporates a resistance-tuned andio oscillator, input meter,
output meter, attenuator and impedance matching system . . .
all in a single unit.

This Madel 200B oscillator is being used w
check the resonate frequenay of a spraker.

The fact that -bp- Resistance-Tuned Oscillators are very
stable makes them particularly suitable for frequency meas-
urements at the lower frequencies. In certain applications it
is important to have the resonant frequency of speaker cones
fall within a very narrow band. Many -bp- oscillators are
made for measurements of this type because the frequency
calibrations can be depended upon over long periods. With
these instruments the inconvenience of continuously re-
adjusting to zero beat is avoided.

In checking frequency of mechanical equipment, these oscil-
lators are invaluable. Such measurements include a wide
range of application from measurements of natural vibra-
tion of mechanical parts to the measurements of output
frequency of rotating equipment, such as generators and

dynamotors.
Frequency of the output voltage of a dyna-
motor is being measured with a Model 200B.
Curve below shows total harmonic distortion vs. frequency on the Model .
200C, Note that the distortion is well below 19 over the entire range. 521,3‘?0%?3::;?;2’:?6::& ?ggz?r;;:ﬁl:e“f:

DISTORTION - DB. |

MEASUREMENTS
TAKEN WITH
RATED OUTPUT

FREQUENCY - CPS,
MODEL 200C



For Distortion Measurements

T\VO types of -bp- instruments are available for
distortion measurements, the 300A and 320 series.
Model 300A is a tuned voltmeter and its primary
purpose is to measure the individual components
of a complex wave. This instrument is also useful
in analyzing vibration components in a mechanical
system, It is useful in making performance meas-
urements on wave flters and in many other
applications where the exact voltage of a particu-
lar frequency is to be measured.

Where measurements of the total harmonic dis-
tortion present are required, the 320 Distortion
Analyzer provides a simple and direct answer.
These analyzers are most useful inscruments in
development work on audio frequency systems,
When used in combination with an oscilloscope,
a direct picture of distortion components can be
obtained while circuit changes are being made.
Where the problem is production testing, these
analyzers provide the quickest means for making
distortion measurements.

Model 320B Distortion Analyzer is easy to operate
and provides a rapid and accurate check of distortion
in audio frequency apparatus.

Model 300A Wave Analyzer being used to measure
the individual harmonics present in the output volt-

age of an amplifier.

The 325B Distortion Analyzer is being used to mea-
sure the total harmonic distortion of a Model 200B
on the production test bench,




Square Wave Distortion from poor high frequency
response.

Square Wave Distortion from poor low-frequency re-
sponse. (Phase shift of low frequency components which
always accompanies cut-off.)

Square Wave Distortion from poor response at both low
and high frequency. (A typical amplifier oscillogram.)

Square Wave test on a feedback amplifier showing ampii-

fication peak at 9 times square wave frequency. A normal

frequency response measurement shows flat response
from 20 ¢ps to 20KC.)

Attenuator leakage at high frequencies shows up in this
oscillogram.

\

Square wave applied to two amplifiers, ouiput of one on

horizontal plates, output or other vertical plates for rapid

comparison test. Nearly straight line obtained when am-
plifiers have nearly identical characteristics.

The Square Wave Method

ONE of the most recent approaches to the problem
of measuring the response of amplifiers and net-
works is to apply a square wave voltage and
observe shape of the wave which is transmitted. A
sharp wavefront contains a large number of fre-
quencies. This wavefront is distorted when all of
the frequencies originally present are not trans-
mitted. The frequencies contained in a uniform
square wave are given by the relation:

f()=Z(sinwt - Vssin3we+ 1/Ssin5wt+....)

In practice 2 wave which appears to be perfectly square
will contain thirty harmonics or more and when the ampli-
tude or phase relation of the harmonics is disturbed the
square wave will be distorted.

Thus the application of a square wave to a circuit shows up
any irregularities in the amplitude or phase transmission
of that circuit not only at the square wave frequency but
also at frequencies far removed from the test point.

Because a square wave observation will indicate circuit
performance over a wide frequency range in one observa-
tion, it is a very important test to use with other standard
point by point measurements which are often not sufficient
alone.

The square wave test is particularly important in feedback
circuits where the circuit performance outside the normal
transmission band is generally of interest. The application
of a square wave test to a feedback amplifier will show in
a single observation whether the amplifier is close w the
oscillation point.

Both as a general purpose instrument for laboratory work
and as a time saver in production testing a square wave
generator is an important instrument in the electronic

field.

The -5p- model 210 Square Wave Generator provides an
excellent square wave and is more useful than other in-
struments of this type because the frequency can be accu-
rately set for quantitative measurements of decrement fac-
tor, time and other quantities in transient analysis.

Same as lefr. One amplifier defective shows up immedi-
ately whereas without square wave a long ’j)nmt by Jmmt

frequency response would be required to evia-

tien from standard.

1scover



Accurate Voltage Measurement

OF the many electronic instruments, one of the
most useful is the Vacuum Tube Voltmeter. There
are many types available today, most of which
have certain important features in common, two of
which are . . . high input impedance and wide
frequency response.

High input impedance is a feature not obtainable
in an ordinary A. C. volumeter. This importanc
characteristic is obtainable in an electronic volt-
meter, It enables one to measure voltage without
disturbing the current under test. The wide fre-
quency response which can be obtained makes it
possible to measure voltage at high frequencies
with good accuracy. High sensitivity and good
accuracy are other characteristics highly desirable
for laboratory and production work.

The -bp- Model 400A Vacuum Tube Voltmeter,
a recent development of the -bp- laboratories, pos-
sesses all the important desirable features. It is one
of the best available for measurements below 1
megacycle.® It is extremely easy to operate, yet its
accaracy is unexcelled and it has extreme sensitiv-
ity over a wide frequency range. One of the
outstanding features of the -bp- 400A is that the
voltage indication is proportional to the average
value of the full wave. This is a feature not found
in most electronic meters on the market today.

*At frequencies above 1 megacycle the diode voltmeter
is generally satistactory. If properly designed it will
provide good accuracy to 100 me,. but with some sacrifice
of sensitivity.

10

The 400A is unexcelled for production applica-

tions such as these shown; where accurate high

frequency measurements can be made without
particular precautions,




INSTRUMENTS
APPLY FINDINGS OF
ADVANCED RESEARCH

THE FOREGOING PAGES cover the background of -Ap- equipment and describe some of its
applications. They describe the principles involved in the operation of -bp- instruments, with
especial reference to the advantages offered by -bp- design. In these pages particular reference is
made to the properties of -bp- Resistance-Tuned Audio Oscillator, including its stability of fre-
quency, relative freedom from distortion, ability to minimize thermal drift, and its automatic
selection of the proper operating point which eliminates the need for manual adjustment. Brief
reference has also been made to the -bp- applications of the recently developed Square Wave

Method of measuring the response of amplifiers and networks.

The pages that follow tell how Hewlett-Packard has converted these and other developments to
Standard instruments and present in detail the specifications of basic -bp- models, and their func-

tion in various communication and mechanical fields.

NEW MODELS AND APPLICATIONS are, however, being continually brought out, as work
progresses in the -bp- development laboratory. By reason of past experience and present research,
Hewlett-Packard is in a position to supply both equipment of the type shown in this catalog, and

also special instruments in the field of electronic measuring devices.

MEASURING EQUIPMENT FOR ULTRA HIGH FREQUENCY REGIONS is also being
developed and imanufactured by this company. Much of the work in this field, being war work,
is restricted at the present time. However, this company invites those who have measurement prob-

lems in the Ultra High Frequency Regions to send in a statement of their requirements.



MODEL

® Low distortion ® No zero selting
® Constant out put ® Small size
® Logarithmic scale ® H: gb out put

USES: Resistance-Tuned Oscillators are suitable for
almost every type of work. Their low distortion makes
them particularly valuable in making distortion measure-
ments on audio amplifiers, broadcast transmitters, and
other equipment, They provide an excellent source of
voltage for accurate bridge measurements. The output is
sufficient to drive signal generators and other equipment
requiring considerable power. Their wide frequency
range also makes them suitable for work in the super-sonic
region.

There are only three controls on the panel: the main
frequency dial, the range selecting switch, and the output
voltage control. The usefulness of Resistance-Tuned
Audio Oscillators is increased because they are small in
size and light in weight. Their excreme simplicity of op-
eration will save valuable time in production testing,
maintenance, and development work. The frequency
drift is negligible even during the first few minutes of
operation and consequently no zero adjustment is nec-
essary. The constant output of these oscillators makes
it easy to check the frequency response of apparatus
quickly and accurately.

12

200C

RESISTANCE-TUNED AUDIO OSCILLATORS

Arrangement bencath chassis gives good accessi-
bility to all parts.

Top of chassis view showing main wning condenser.
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200B and 200C frequency
control dial.

SPECIFICATIONS: The Hewlete-Packard oscillators
are designed and built to give long, trouble-free
service. High quality parts are used throughout, and
each oscillator is subjected to rigid tests before ship-
ment. Four standard models are available. The Models
200A and 200B have a transformer-coupled output
amplifier which will deliver 1 watt into a matched load.
The Models 200C and 200D have a resistance-coupled
output amplifier to provide uniform output voltage
over their wide frequency range. These oscillators are
supplied in a relay rack mounting as the 200AR,
200BR, 200CR, and 200DR, respectively.

200D frequency
control dial.

FREQUENCY RANGE:

Model 200A....... ... . 35cpsto 35 ke
Model200B. .. 20¢psto 20 ke
Model200C......... ... ... ... . 20 cps to 200 ke
Model 200D .. .. Tcpsto 70ke

CALIBRATION: The dial is calibrated directly in
cycles for the lowest range. A switch selects the range
and indicates the proper multiplying factor. Each range
covers 180 degrees on the dial and so the equivalent
scale length is from 20 to 30 inches on the various
models.

200A 200B
Range 1. 35-350cps......._ 20-200 cps
Range2.. ... . 350-3500 cps............ 200-2000 cps
Range3........3500¢cps-35ke. .. 2000 cps-20 kc
200C 200D
Range 1................20-200cps.... .. 7-70 eps
Range2 . ... 200-2000 cps... ........ 70-700 cps
Range3.... . .....2000cps-20kec. ... 700-7000 cps
Range4.. ... 20ke-200ke............. 7000 cps-70 ke

STABILITY: Under normal temperature conditions
the frequency drift is less than =29 even including
initial warm-up. Plus or minus 209, lin€ voltage varia-

Model 200D

tions change the frequency less than =0.29) at 1 kc.
No zero setting is necessary on these oscillators.

OUTPUT: The Models 200A and 200 B will supply
one watt of 22.5 volts output into a matched resistance
load of 500 ohms and 25 voles on open circuit. Special
output impedances can be supplied on order.

The Models 200 C and 200 D will deliver 100 milli-
watts or 10 volts into a 1000 ohm load. The internal
impedance of the output amplifier is about 50 ohms at
1000 cps.

FREQUENCY RESPONSE: The output voltage of
the Models 200A and 200B is constant within plus or
minus 1 decibel from 20 ¢ps to 15 ke,

The output voltage of the Model 200C is constant
within plus ot minus 1 decibel from 20 ¢ps to 150 ke.
The output voltage of the Model 200D is constant
within plus or minus 1 decibel from 7 cps to 70 kc.
DISTORTION: The total r.m.s. distortdon contained
in the wave-form of the various models is within the
following limits: Models 200A, 200B, less than 19
distortion from 35 cps to 20kc. Model 200C, less than
167, distortion from 20 ¢ps to 20kc. Model 200D, less
than 1¢%, distortion from 10 ¢ps to 20 ke.

HUM VOLTAGE: The hum voltage is less than 0.12/,
of the maximum output voltage.

POWER SUPPLY: 115 volts—60 cycles—50 watts.
TUBES: Models 200A and 200B, 1 6]J7, 1 6F6, 1 GF5,
1 6V6, 1 5Z4, Models 200C and 200D, 2 6]7, 1 6F6,
1 6V6, 1 524 or 5Y3G/GT.

MOUNTING: The cabinet models are mounted in
an ateractive steel cabinet finished in wrinkle grey.
The relay rack mounting fits the standard 19* relay

rack with 34" spacing. The dust cover mounts on the
chassis and is removable from the rear.

Model Mounting Length Height Depth Weight
200A Cabinet 16" 8” 9~ 32#
200B Cabinet 16" 8~ 9 324
200C Cabinet 16" 87 97 30#
200D Cabinet 19~ 834" 117 2#
200AR Relay Rack 197 7 9 3s#
200BR Relay Rack 19 7 9% 35#
200CR Relay Rack 197 7 9 35#
200DR Relay Rack 19" 8347 11~ 37#

Data subject to change without notice.

HEWLETT-PACKARD CO.
395 PAGE MILL ROAD, PALO ALTO, CALIFORNIA
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MODEL 205AG

AUDIO SIGNAL GENERATORS

MODELS 205A AND 205AG

® Standardized frequencies and voltage instantly
available

® Output impedances selected by switch

® Attenuation system provides 110 db. in 1 db. steps

® Five watts output with less than 19, distortion

® Frequency always accurate without zero Jetting

® Output meter calibrated in volts and decibels

® Separate input meter available for gain measure-
ments

USES: The Hewlett-Packard Audic Signal Generators
are designed for time saving performance. The various
features have been selected with the aim to make these
instruments suitable for accurate and rapid measurement
work. They are excellent for general laboratory applica-
tions because they supply a known voltage as well as a
known frequency at the commonly used impedance levels.
They are particularly suitable for gain measurements
because no auxiliary apparatus is required. They provide
an excellent source of voltage for distortion measurements
because their waveform distortion is very small. The many
new features make these instruments adaptable to numer-
ous jobs in the audio frequency field.

DESCRIPTION: The Model 205A consists of 2 Hewlet-
Packard resistance-tuned oscillator in combination wich
an output meter, attenuator, and an impedance matching
system. The Model 205AG includes input meter for gain
measurements.

The accompanying block diagram shows the arrange-
ment of the various components in the system. The
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oscillator has a five-watt output which feeds directly
into a 500 ohm line where the voltage is measured. The
amplitude of this voltage can be set to any level up to
plus 37 decibels above one milliwatt by means of the
amplitnde control on the oscillator. Following the
meter are two attenuators, one providing 100 decibels
in 10 decibel steps and the other providing 10 decibels
in 1 decibel steps. From the output of the attenuators

MATCHING -
OSCILLATOR - epB - wopa (] FORMER
S wott uipul 500-chm]METER] | ATTENUATOR| [ AT TENUATOR z‘:ﬁpﬂ
20-20000cpy | line | [ ipBskeps | 1008skeps |-l mpedonce
rhector f

h'l"lﬂ””‘bhll’ﬁﬂ

hghmpadance equipmend.
an impedance matching transformer is provided to
macch various impedances. The output transformer has
the same insertion loss for all impedances and the
output meter is arranged to read the output voltage at
the output terminals with the system loaded. An
internal load is provided so che attenuation system
works correctly when there is no external load.

205A frequency
control dial,

205AG input and

output meters.
Every precaution has been taken to make these signal
generators precision instruments. Special heavy me-
chanical construction has been used throughout to give
assurance that the accuracy will be maintained in long,
hard service,

SPECIFICATIONS

Model 205A

FREQUENCY RANGE: The frequency range is 20
cps to 20,000 cps.

CALIBRATION: The dial is calibrated directly in
cycles for the lowest range, 20 cps to 200 cps. A switch
selects the range and indicates the proper multiplying
factor. Each range covers approximately 270 degrees
on the 614" main dial. Range 1 covers 20 cps to 200
cps; Range 2 covers 200 cps to 2,000 cps; and Range 3
covers 2,000 cps to 20,000 cps.

STABILITY: Under normal temperature conditions
the frequency will drift less than 297, over long periods
of time. Each range is provided with an internal adjust-
ment so that 17 accuracy may be maintained if re-
quired.

OQUTPUT: Five watts output will be delivered to a
matched resistance load.

OUTPUT IMPEDANCES: Output impedances of 50
ohms, 200 ohms, 500 ohms, and 5,000 ohms are avail-
able. All are center tapped.

FREQUENCY RESPONSE: The frequency response
of the system beyond the output meter is down 2.0 db.
at 20 ¢ps and 1 db. at 20,000 cps.

DISTORTION: The distortion is less chan 19 at rated
output at all frequencies above 30 cps.

HUM LEVEL: The hum level is 60 db. below the out-
put voltage or minus 90 db. below zero level, which-
ever is the larger.

OUTPUT METER: The output meter is calibrated
directly in volts at 500 ohms and in db. above a 1 mw.
level (50 volts and plus 37 db. full scale).

QUTPUT ATTENUATOR: The output attenuator
provides 110 db. in 1 db. steps. It consists of a 100 db.
attenuator with 10 db. steps and a 10 db. attenuator
with 1 db. steps.

MOUNTING: The instrument is available in either
relay rack or cabinet mounting, the panel size on either
instrument is 19” x 1014”. The cabinet models are
mounted in attractive ozk cabinets finished to harmon-
ize wich the panels. The panels are finished in gray
wrinkle enamel with machine engraved designations.

Model 205AG

The Model 205AG is exactly similar to the Model
205A except it has an input meter for gain measure-
mernts.

INPUT METER: The input meter has a range of
minus 5 db. to plus 49 db. based on a 1 mw. level and
500 ohms. The meter scale is calibrated from minus
5 db. to plus 9 db. and a mulriplier switch adds from
zero to 40 db. to the reading in 5 db. steps. The meter
has an impedance of 5,000 ohms,

FREQUENCY RESPONSE: The input meter is com-
pensated to have about 0.5 db. rise at 20 kc so that
gain measuremenrts with the Model 205AG are accu-
rate to 15 ke and only about 0.5 db. in error at 20 kc.
Prices and delivery information are available on re-
quest.

These data are subject to change without norice.

HEWLETT-PACKARD CO.

395 PAGE MILL ROAD

PALOC ALTO, CALIFORNIA
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VACUUM TUBE
VOLTMETER

MODEL 400A

® Wide voltage range
® Excellent accuracy

Circuit elements are rigidly mounted on
Bakelite cards to assure dependability.
View below shows tube arrangement

16

on top of chassis.

® Time saving stabz'h'ty ® Good voltage sensitivity
® Hiph input impedance ® Large overvoltage capacity

USES: The Model 400A Vacuum Tube Voltmeter sets a new
standard of performance for voltage measurements in the audio,
supersonic, and lower radio frequency region. Measurements up to
1 megacycle with this new instrument are as simple as measurements
with the usual multi-range meter at d-c. Ordinarily no precautions
whatsoever are required: turn-over effect and waveform errors are
minimized because this meter responds to the average value of the
full wave; there are no adjustments to make during operation; a large
overload will not damage the instrument; and the input impedance
is high enough so that it will not affect the citcuit being measured.

The excellent characteristics of this meter make it invaluable for
laboratory work in measuring amplifier gain, network response, out-
put level. The sensitivity is sufficient to measure the hum level directly
in many cases. The high voltage ranges are useful for measuring
power circuit voltages and high frequency voltages in transmitting
equipment. A decibel scale is provided to facilitate readings in cases
where a decibel base is desired.

The simplicity of operation of the Model 400A will save valuable
time in production testing because no time will be lost in adjusting
the zero position or in making other adjustments during operation.
The usefulness of this instrument is increased because of its wide
frequency range. It is ideally suited not only for audio frequencies
from 10 cps to 20 k¢, but also for applications in cattier curtent work,
in supersonics, in television and throughout the broadcast field.




DESCRIPTION: The Model 400A Vacuum Tube Voltmeter is a
wide band feedback amplifier which operates a diode voltmeter of
the average reading type. The circuit is independent of line voltage
variations and tube characteristics to a high degree. A special input
amplifier circuit is used to provide a high input impedance and also
to allow the use of an accurate voltage divider to select the volrage
range. The power supply is self contained, thoroughly filtered and

electrostatically shielded from the primary voltage source.

The instrument is mounted in a metal cabinet finished in wrinkle
grey. The meter scale is on a sloping panel to facilirate merer read-
ings. The scale is calibrated in volts and decibels. Because of the
design of the instrument reasonable overload voltages will nor

damage the meter movement.

The small size and light weight of this meter combine with its excel-

Ient characteristics to make it a real time saver in the laboratory or

Range selection switch on 400A. Note
both voltage and D. B. calibrations.

in the field.

Meter face on 400A. Note both voltage
and D. B. calibrations,

SPECIFICATIONS

VOLTAGE RANGE: A switch on the front panel
selects mine voltage ranges having full scale sensitivi-
ties of .03 volts, 0.1 volts, 0.3 volts, 1.0 volts, 3.0 volts,
10.0 volts, 30.0 volts, 100 volts, 300 volts.

CALIBRATION: The meter is calibrated to read the
r.m.s. value of a sinusoidal wave. The voltage scale is
linear and a decibel calibration based on 1 milliwact
and 600 ohms is provided. The indication is in propor-
tion to the average value of the full wave, thus wave-
form errors and turnover are minimized,

FREQUENCY RANGE: The frequency response of
the meter is within 39, from 10 ¢ps to 100 kc and
within 5%, to 1 MC.,

ACCURACY : The over-all accuracy of the meter is 327,

below 100 kc and 59, from 100 kc to 1.0 MC. Line volt-
age variations from 105 volts to 125 volts or changing
tubes will affect the reading by less than 3¢ at all
frequencies below 100 ke.

INPUT IMPEDANCE: The input impedance is
equivalent to 1 megohm shunted by 16 uufd.

OVERVOLTAGE CAPACITY : Occasional overloads
of 100 times normal will not damage the meter move-
ment. Continuous or frequent overloads should be
avoided.

POWER SUPPLY: The instrument operates from 115
volts 60 cps.

MOUNTING: The meter is mounted in a steel cabinet
finished in wrinkle grey. The front panel is heavy
brass finished in satin chrome plate with photo-etched
designations. The cabinet is 714 inches wide, 8 inches
high, and 9 inches deep. A leather handle is provided
at the top of the cabinet.

SHIPPING WEIGHT: 20 pounds.
Data subject to change without notice.

HEWLETT-PACKARD CO.

395 PAGE MILL RCAD @ PALO ALTO, CALIFORNIA
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HARMONIC
WAVE
ANALYZER

MODEL 300A

Above: A view from rear of 300A.
Below: A positive dial control.

A New Wave Analyzer Featuring

© Linear meter scale ® Simplified operation
® Improved stability ® Variable selectivity
® Wide voltage range

USES: The many new features of the Model 300A Harmonic Wave
Analyzer make it an excellent instrument for both laboratory and
production work where accurate and rapid measurement of indi-
vidual components of a complex wave is required,

The maximum selectivity is sufficient for measurement of harmonics
of frequencies as low as 30 cycles. Furthermore, the selectivity can
be varied over a wide range by means of a unique selective amplifier
developed in the Hewlett-Packard laboratories. With this variable
selectivity feature, measurements at higher frequencies can be made
more rapidly, yet with no sacrifice in accuracy.

Variable selectivity makes this analyzer useful for many applications
where a constant selectivity would be unsuitable. For example, vari-
able selectivity is required in measuring distortion of sound recorded
on film, disk, ot other cases where there may be a small amount of
frequency modulation. It may be used in integrating the noise spec-
trum for acoustic measurements or for other purposes where a wider
pass band gives a more representative integration. In many other
ways the usefulness of the Model 300A is increased, because the selec-
tivity can be varied at will.

The wide voltage range of the Model 300A covers the values encoun-
tered in neatly every application. The meter, which is fully protected
against overloads, is linear, and the various scales have ample overlap
for accurate readings. A built-in calibrating system is provided to
standardize the voltage measurements.

The accuracy, stability, flexibility, and ease of operation of this new
wave analyzcr assure time-saving performance for any application
requiring a frequency-selective voltmeter,



DESCRIPTION: The Model 300A is a frequency-
selective voltmeter of the heterodyne type. It consists
of a variable local oscillator which modulates the
unknown voltage to produce a constant frequency
which is equal to the difference between the local oscil-
lator frequency and the unknown frequency that is
being measured. This constant difference frequency is
passed through a selective amplifier, the output voltage
of which is then proportional to the magnitude of the
unknown voltage. A meter is placed in the output of
the selective amplifier to measure the magoitude of the
voltage.

The local oscillator is of the resistance-tuned type
which provides stability, accuracy of calibration, and
freedom from magnetic fields. A balanced modulator
is used to eliminate the local oscillator frequency and
to insure low cross-modulation products. The selective
amplifier consists of four tuned circuits in which the
effective Q is controlled by feedback. This amplifier
has the unique characteristic that the selectivity may be
varied over a wide range without appreciably affecting
the gain of the amplifier.

On the front panel are the main frequency selecting
dial, an incremental frequency dial for fine adjustment,
variable selectivity concrol, meter, range selectors, and
input control,

Close-up of main tning dial. Direct reading.

At the bottom of the main panel are the balancing and
calibrating controls and a calibrating meter which is
used to check the sensitivity against the line voltage.
These controls are mounted in a small, recessed com-
parrment which may be closed during normal opera-
tion,

The instrument has been designed throughout for ease
of operation and for accuracy which will be maincained
over long periods of time.

SPECIFICATIONS

FREQUENCY RANGE: The frequency range is from
30 to 16,000 cps. The frequency calibration is within
3.

VOLTAGE RANGE: There are four input voltage
ranges having maximum values of 0.5 volts, 5 volts,
50 volts, and 500 volts. In addition, a meter multiplier
divides each voltage range into full scale meter readings
of 500, 250, 100, 50, 25, 10, 5, 2.5, and 1. Thus full
scale meter readings can be obtained on from 1 mv
to 500 v. The meter is linear and is fully protecred
against overloads.

SELECTIVITY: The selectivity can be varied by
means of a control on the front panel. At the max-
imum selectivity setting, the response is down 3 db. at
3 cycles, 10 db. at 8 cycles, 40 db. at 30 cycles, and
60 db. at 53 cycles from maximum response. This selec-
tivity can be varied continuously until at the minimum
selectivity the band width required for a given attenua-
tion is six times that at the maximum selectivity set-
ting. Thus, at minimum selectivity the response is
down 3 db. at 20 cycles, 10 db. at 43 cycles, 40 db. at
145 cps, and 60 db. at 280 cycles from maximum re-
sponse. The variable selectivity control is calibrated
in the half band width at which the response is down
40 db.

Model Mounting Length
300A Cabinet 21”
300AR Relay Rack 19~

VOLTAGE ACCURACY: The over-all voltage accu-
racy is =59, provided adjacent harmonics are within
limits determined by che selectivity. The characteristics
of the metering circuit are such that measurement of
a particular component may be made with 5%, accuracy,
provided unwanted voltages are attenuated to less than
14 of the voltage being measured. Thus, with max-
imum selectivity a 1%} second harmonic of a 40 cycle
voltage may be measured with 5%, accuracy.

The residual modulation products are suppressed by
at lease 65 db. Hum is at least 75 db., below maximum
input voltage on any of the four input ranges.
INPUT IMPEDANCE: The inpur impedance is
200,000 ohms. The input circuit includes a potentio-
meter which is set to maximum for voltage measure-
ments.

POWER SUPPLY: The instrument contains a volt-
age regulated power supply which operates from 110
volts, 60 cycles.

MOUNTING: The Model 300A is mounted in an
attractive oak cabinet to harmonize with the panel
which is finished in wrinkle grey with machine en-
graved designations. A relay rack model is also avail-
able and is designated as the Model 300AR.

. Shippi
Height Depth w:g Egll‘: f
24147 137 180#
22347 127 170#

These data are subject to change without notice.

HEWLETT-PACKARD CO.
395 PAGE MILL ROAD, PALO ALTO, CALIFORNIA
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® Anewinstrument for distortion measurenents

® Shows type of distortion as well as amount

® Standard models for measurements at two or
six frequencies

USES: The Model 320 Distortion Analyzer is a
simple and convenient device for studying and mea-
suring the harmonic distortion in aundio frequency ap-
paratus. It is particularly suitable for development
work because with it the character and type of distor-
tion can be determined at the same time the distortion
is being measured. It is excellent for production work
because it is easy to operate and provides a rapid and
accurate check for normal operation,

The Model 320 is essentially a comparison device used
to compare the distortion content of the wave with
the fundamental voltage. When this comparison is
made with a cathode ray oscilloscope the type of dis-
tortion can be observed. The various order harmonics
will show up on the oscilloscope pattern, the hum volt-
age and noise voltage will appear, and a great deal of
information about the voltage being analyzed can be
obtained. In this way the Model 320 is a valuable in-
strument not only when used alone but also when used
with other equipment which measures the total r.m.s.
distortion directly.

20

MODEL 320B

DISTORTION ANALYZER

® Any frequencies from 50 to 10,000 cycles
available

® Saves time in development and production
testing

DESCRIPTION: The Model 320 Distortion Analyzer
consists of fundamental eliminadion filters combined
with a calibrated attenuator reading in decibels. With
the voltage to be analyzed adjusted to the proper fre-

Model 320A.



quency the fundamental is eliminated completely. The
residual voltage containing the harmonics can then be
observed with an oscilloscope or measured with a sen-
sitive meter. When the frequency has been adjusted so
the fundamental is eliminated, the elimination filter is
switched out and a calibrated attenuator is introduced.

MEASUREMENTS: With the proper adjustment, the
setting of the attenuator on the instrument gives
directly the amplitude of the harmonic voltage in deci-
bels below the fundamental. When an oscilloscope is
used for the detector, measurements of the harmonic
voltage require some exercise of judgment. The resid-
ual harmonic voltage will contain sharp peaks in many
cases. These peaks contain very little energy and this
should be taken into account in estimating the r.m.s.
or average value of the residual harmonic voltage.

If more accurate measurements are desired a meter
may be used in place of the oscilloscope or in conjunc-
tion with it. With such a meter the distottion measure-

EQUIPMENT

UNDER

TEST
200 C = E —| 320 8B —— 420'
Oscillo-
scope

ments may be made with as good accuracy as can be
obtained with the more expensive distortion meters.

For distortion analysis an oscilloscope should be used
as the detector. As the frequency is adjusted to elimi-
nate the fundamental, the second, third, and higher
order harmonics will appear superposed on the fun-
damental voltage, and from the trace obtained the
relative importance of these components can be deter-
mined.

SPECIFICATIONS

FREQUENCY RANGE: The Model 320A is designed
for measurements at 400 and 5000 cps. The Model 320B
is designed for measurements at 50, 100, 400, 1000,
5000, and 7500 cps. Filters for other frequencies can
be supplied on special order.

INPUT IMPEDANCE: The input impedance is at
least 20,000 ohms. A bridging transformer may be
used to increase the input impedance.

DISTORTION RANGE: The filter circuits will pro-
vide more than 60 db of attenuation of the funda-
mental. Distortion values as low as 0.19, of the funda-
mental may be measured with a detector of sufficient
sensitivity.

DETECTOR SENSITIVITY: The sensitivity of the
instrument is determined by the detectot. The detector
should give a readable indication on 0.197 of the fun-

Model Mounting Length
320A Cabinet 1215
320AR Relay Rack 19~
320F Cabinet 1634"
320BR Relay Rack 197

damental if harmonics of 0.1¢/, are to be measured.
The detector need not be calibrated because it is used
for comparison only. The usual oscilloscope with a
one stage amplifier is sufficiently sensitive to measure
0.3%, of a 30 volt fundamental. For proper operation
of the instrument the input impedance of the detector
must be 100,000 ohms or greater. An amplifier may
be used between the instrument and the detector to
increase the sensitivity. The only requirements on such
an amplifier are that it must pass the highest harmonic
which is of interest and that it have a high impedance
input. It need not be free from distortion otherwise.

MOUNTING: The Model 320A and 320B are
mounted in an ateractive oak cabinet with the panel
finished in wrinkle grey. The Model 320AR and 320
BR fit the standard 197 relay rack with 34" spacing.
The panels are finished in wrinkle grey with machine
engraved designations.

Height Depth Weight
Bl47 6lh" B#
s147 s1/57 8%
834" 8 15%#
7 10” 20#

Data subject to change without notice.

HEWLETT-PACKARD CO,

395 PAGE MILL ROAD

PALO ALTO, CALIFORNIA
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MODEL 500A

ELECTRONIC FREQUENCY METER

® Wide Range

® Good Sensitivity

® Excellent Accuracy

® Reading independent of line voltage

The Model 500A Frequency

Meter is designed to measure
the frequency of an alternating voltage from 0 to 50 kc.
It is useful in making frequency measurements in both lab- Views showing component parts on
oratory and production work. In frequency measurement tpp ad boutem of chasiz
work at higher frequencies it can be used to measure the
frequency difference between two radio frequency signals.
It is particularly suited to crystal grinding work where it
can be used to measure the frequency deviation from the
standard quickly and accurately, The simplicity and accu-
racy of this instrument makes it useful in any electronic lab-
oratory and invaluable in certain production testing appli-
cations.
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DESCRIPTION: The frequency meter consists of
a wide band amplifier with a limiting circuit, and
electronic switch, a constant current supply, a fre-
quency discriminating circuit, and an output meter
and rectifier. The input signal is amplified and used
to switch the constant current source to alternate
load resistors. The voltage devel-
oped across these resistors is ap-
plied to a condenser, and the out-
put meter indicaces the average
value of the rectified charging
current. The circuit is designed
so that each pulse of charging
current has the same average
value, making the meter reading

Easy to read
calibrations

proportional to the number of charges per second,
and hence proportional to the frequency of the in-
put signal. The reading is practically independent
of the input voltage wave form, as normal wave
form errors cannot affect the electronic switching
operation. The regulated current source makes the
reading independent of varia-
tions in input signal voltage and
line voltage. A miltiplier switch
in the meter circuit provides ten
convenient scale ranges. Provi-
sion is made for checking the
calibration against power line
frequency, and an adjustment is
provided for changing the over-
all calibration if necessary,

SPECIFICATIONS

FREQUENCY RANGE: 10 cycles to 50 kg, in ten ranges
having full scale values of 50, 100, 200, and 500 cycles,
and 1, 2, 5, 10, 20, and 50 kc.

INPUT': An input veltage of at least 0.5 volts is required
and the input impedance is 50,000 ohms. Variation of the
input voltage from 0.5 volts to 200 voits will affect the
reading of the meter by not more than plus or minns 127,

ACCURACY : The overall accuracy of the meter is plus

or minus 2%, of full scale value, A line voltage variation
of from 105 volts to 125 volts will affect che reading by
not more than plus or minus 1.

POWER SUPPLY': 105-125 volts, 60 cycles.

TUBES: 3-65]7, 2-6V6, 1-6L6, 1-6H6, 1-5Y3-G,
1-VR150/30.

MOUNTING: The instrument is available in either cabi-
net or relay rack mounting. The panel size is 834" x 19”
and the depth is 127,

HEWLETT-PACKARD CO.

395 PAGE MILL ROAD

PALO ALTO, CALIFORNIA
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MODEL 3258

NOISE AND DISTORTION ANALYZER

The Meodel 325B combines a vacuum-tube voltmeter
with a set of fundamental climination filters for general
purpose measurements of total harmonic distordion, noise
and voltage level.

USES: The Model 325B provides a new approach to
the problem of audio frequency measurements. The instru-
ment can be used as a voltmeter for measuring voltage
level, power output, amplifier gain, and in making all
of the other measurements for which a high impedance
volmmeter with a wide frequency range is necessary.
Sufficient sensitivity is available in the Model 325B to
measure noise and hum level in audio frequency equip-
ment such as amplifiers and broadcast equipment. With
the addition of a detector, noise level in the carrier out-
put of transmitting equipment can be measured.

e . . . View shotwing arrangement of compeonents on chassis.
A set of fundamental elimination filters is included in € /

the inscrument to measure total harmonic distortion at
nine specific frequencies. These are the frequencies recom-
mended by the FCC for measurements on frequncy mod-
ulation as well as amplitude modulation equipment. On - - HH W
special order, filters for other frequencies from 30 cps , : .
to 20KC can be supplied, The amplifier and volemeter
section is flat from 10 cps to 100KC so that harmonics
as high as the 5th of 20KC will be correctly indicated.

The Model 325B will meet the requirements of the
most exacting production test problem on audio frequency
equipment and when combined with a -bp- resistance-
tuned Oscillator all of the measurements usually required
on audio equipment can be made quickly and accurately
with a minimum of additional equipment.

DESCRIPTION: The Model 325B consists of threc T TP “wr e <.
separate sections, an input amplifier, a set of frequency = I S - S
elimination filters, a vacuum-tube voltmeter. A voltage

24

Wiving is located befow chassis for accessibility.




T

regulated power supply is built into the instrumenc to
minimize the effect of line voltage fluctuations,

The input amplifier has a gain which is set by feed-
back to exactly 20db, This amplifier can be connected
directly to the voltmeter section or it can be connected
to the voltmeter through the elimination filters. This
provides a high input impedance for distortion mea-
surements and additional sensitivity for hum and noise
measurements. A potentiometer is provided at the in-
put for convenience in setting level.

The elimination filters are of the bridged T type for
which the frequency to be analyzed must be variable
ovet a range of 109, When the frequency is properly
set the fundamental elimination is almost complete
so that distortion as low as 0.1, can be measured with
good accuracy. Special precautions have been raken to
permit good accuracy in distortion measurements even
at 20KC.

The vacuum-tube voltmeter section is a two stage
amplifier with feedback to insure stable operation.
It is identical with the Model 400A volemeter except
the frequency range is limited to 100KC. Terminals
are provided ac the meter output for waveform obser-
vations with an oscilloscope.

R.M.5. VOLTS
LE=iw. 600~

Volimeter Face. Note both voltage and
1. B. calibrations,

The multitude of ways in which this instrument can
be used make it almost indispensable for laboratory,
production test, or maintenance applications in the
audio frequency field.

SPECIFICATIONS

SENSITIVITY: The Model 325B will give full
scale indication on a distotdon level which is 19, of
the fundamental. Measurements to 0.1 %, may be made
with good accuracy.

The instrument will give a full scale indication on
hum and noise which is 0.019, of the signal. The full
scale sensitivity is 3.0 millivolts or 50db below 1 mw
on 600 ohms. Satisfactory readings to 70db below zero
can be made. The over-all gain from the input ter-
minals to the oscilloscope terminals is 75 db.

VOLTMETER RANGE: Nine voltage ranges are
provided with full scale sensitivities of .03, .10, .30,
1.0, 3.0, 10, 30, 1090, 300. The ranges are also calibrated
in db and the range multiplier changes the sensitivity
in steps of exactly 10. db. Zero level is 1 mw across
600 ohms.

VOLTMETER ACCURACY: The over-all accuracy
of the unit for voltage measurements is 3%, Line volt-
age variations from 105 volts to 125 volts or changing
tubes affects the reading by less than 3¢7,.

VOLTMETER FREQUENCY RESPONSE: The fre-
quency response of the meter including the input am-
plifier is within 39}, from 10 cps to 100 KC.

FILTER FREQUENCY: Filters are provided for the
following frequencies:
30 cps, 50 cps, 100 cps, 400 cps, 1000 cps,
5000 cps, 7500 cps, 10,000 cps and 15,000 cps.
These frequencies are set t0 *+5%, of specified value.

DISTORTION MEASUREMENT ACCURACY : The
filters are designed to eliminate the fundamental by
more than 60 db and to attenuate the second and all

higher harmonics by less than 5. Distortion measure-
ments in general will be accurate within =327, for dis-
tortion levels above 0.5¢%. When the distortion is
largely second harmonic the accuracy will be =+ 5%,
for frequencies above 7.5KC.

NOISE MEASUREMENT ACCURACY: The ac-
curacy of noise and hum measurements is essentially
the same as the accuracy of voltage measurements. The
measured value is the average value of the full wave.

INPUT IMPEDANCE: The impedance at the input
amplifier terminals is approximately 200,000 ohms
shunted by approximately 24 uufd. The input impe-
dance at the meter terminals is 1 megohm shunted by
approximately 32 uufd.

GENERAL: The Model 325B is complete with all
necessary power supplies for operation from 115 volts
60 cycles. The various parts of the unit are arranged
for maximum flexibility so they can be used separately
if desired. A plug is supplied to connect an oscillo-
scope across the metering circuit so that observations
of the residual distottion may be made if desired. The
indicating meter is a 4-inch square type with a large
scale for easc of reading. The meter and various range
switches are calibrared in both volts and decibels. In
general the instrument is designed for accuracy and
ease of operarion.

MOUNTING: The unit is mounted in an attractive
oak cabinet with the front panel 19 inches by 1015
inches. Complete shiclding is provided against pickup
from either 6O cycle or 1. f. fields of reasonable mag-
nitude. The panel is finished in wrinkle grey enamel
with all controls and ranges clearly marked.

HEWLETT-PACKARD CO,

375 PAGE MILL ROAD

FALD ALTO, CALIFORNIA
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MODEL 210A

SQUARE WAVE GENERATOR

The Model 210 square wave generator is a new instru-
ment which is extremely useful in both production test-
ing and development work. It provides a new approach to
the problem of measuring the characteristics of audio
frequency equipment. This generator will save valuable
time in production testing because one or two obsetva-
tions will check the frequency response of apparatus
where heretofore a large number of observations were
necessary. This new instrument is an important tool for
development work because it will show up phase shift
and transient effects, both of which are racher difficult
to study by other methods.

USES: When a square wave is applied to an amplifier
the top of the wave will show distortion if the frequency
response of the amplifier does not extend to at least one
tenth of the applied frequency. Likewise the sides of the
wave will be distorted if the response of the amplifier
does not extend to at least ten times the frequency of the
square wave applied. Thus one observation with a square
wave applied to an amplifier will check a wide frequency
range, a range of 100 to 1 or even more, This is extremely
important because once the proper criterion has heen
established a production test can be set up with one or at
the most two observations with a square wave.

A square wave may also be used to study phase shift ef.
fects in an amplifier. An amplifier will not reproduce a
square wave faithfully unless both the amplitude and
phase shift characteristics are correct. Thus if the ampli-
tude response is known to be good, phase shift effects can
be determined by a square wave obsetvation.
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Peaks or deficiencies in amplification of an amplifier
can be readily detected with a square wave generator.
Amplification peaks appear as damped escillacions on
top of the amplified square wave and these peaks can
be measured in both frequency and amplitude with a
given observation. Deficiencies in amplification at
some part of the amplification band have the same ap-
pearance except for phase displacements in the damped
oscillations.

A square wave Is also very useful in determining the
transient response of networks. Time constants of R-C
circuits can be easily observed, damped oscillations of
resonant circuits can be checked, and the transient be-
havior of complicated networks can be studied by the
application of a square wave to the networks and ob-
serving the voltage or current with an oscilloscope.

SPECIFICATIONS

FREQUENCY RANGE: The output of the gencrator
is square within 197, over the frequency range from 20
cycles to 10,000 cycles. The time for the voltage to rise
to 909, of maximum is approximately 1 microsecond,
thus a reasonably square wave can be obtained even at
100 kilocycles.

OUTPUT VOLTAGE: The output voltage is 60 volts
peak to peak open circuit. The outpur impedance is
1000 ohms balanced to ground.

OUTPUT ATTENUATOR: A 70 db. attenuator is
provided in the output with 5 db. steps. The frequency
response of the attenuator is sufficiently wide so that
the output wave shape is not affected even at the high-
est frequencies.

INPUT VOLTAGE: The generator may be driven
from any convenient source of alternating voltage or it

may be internally synchronized to the power line fre-
quency. A driving voltage of two volts is required and
the input impedance is 25,000 ohms.

MOUNTING : The Model 210A is mounted in an at-
tractive steel cabinet 15 long, 7 high, and 9 deep
finished in wrinkle grey. The panel is grey baked
enamel with machine e¢ngraved designations. The
model 210AR is mounted in a relay rack assembly with
a 19” by 7 panel and is 8" deep. The dust cover is re-
movable from the rear and the binding posts may be
supplied either on the panel or at the rear of the
assembly.

POWER SUPPLY: The generator is provided with a
built-in power supply to operate from 110 volts 50 ot
60 cycles. It requires approximately 50 watts.

Data subject to change without notice.

HEWLETT-PACKARD CO.
395 PAGE MILL ROAD, PALO ALTC, CALIFORNIA
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MODEL

SECONDARY FREQUENCY STANDARD

® Supplies Standard Frequencies of 100 CPS,

1000 CPS, 10,000 CPS and 100,000 CPS.

1008

® Standard Frequencies available simultaneously
® Available either with or without temperature control

The Model 100 Low Frequency Standard

provides a convenient and extremely useful
source of standard frequencies from 100 cps to 100 ke. In
the laboratory it provides standard frequencies for accu-
rate measurement purposes, for calibrating audio equip-
ment such as oscillators and frequency meters, and for
various other work where better accuracy than is provided
by the usual audio oscillator is required. It is useful in
making accurate interpolation measurements at higher
frequencies where it can be used to standardize such mea-
surements to 2 high degree. In production test work this
standard is unexcelled because a single unit can be used to
provide standard frequencies at a number of test positions.
DESCRIPTION: The Model 100 consists of a crystal
controlled oscillator and a series of frequency dividers of
the regenerative modulator type to provide standard fre-
quencies of 100 ke, 10 ke, 1 ke, and 100 ¢ps. The output of
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each frequency divider is available separately o re
through a low impedance output system. There CRYSTAL CONTROLLED BUFFER e
] AMPLIFIER
are two advantages of the regenerative modu- OSSHLATOR TERMINAL AT
- s . REAR-OF
lator type of frequency divider over the multi- = CHAssIS
vibrator system which has been commonly used: ‘
first, the output wave shape is sinusoidal so that e G
.. ] FREQUENCY
Lissajou patterns can be conveniently usec! even DIVIDER BUFFER g o ke
for high fractional ratios, and second, this fre- 10/1 AMPLIFIER [ TERMINAL AT
quency divider is more stable in operation. — = CHASSIS
The output system is designed to isolate each
frequency. The internal impedance of the out-
. . . FAEQUENCY
w rmit th
put system is sufficiently lo v to permit the use Ry BUFFER )
of long lengths of low capacity shielded cable to 1971 AMPLIFIER TERMINAL AT
.. .. REAR OF
distribute the standard frequencies in the labora- | = CHASSIS
tory or test department. Separate terminals are
provided for each frequency and also a common I 1
o . . . ENCY
set of output terminals is supplied with a selec- FREQUEN BUFFER L
. DIVIDER | — S o 100 CPS
tor switch. 1071 SRELIERR TERMINAL AT
! [ rear oF
—=  CHASSIS
SELECTOR SWITCH AND \"—°
TERMINALS ON FRONT
PANEL :
SPECIFICATIONS

ACCURACY: In the Model 100A a 100 kc crystal having a
temperature coefficient of 3 cps per megacycle per degree centi-
grace is provided. The crystal oscillator is arranged so that the
frequency can be adjusted over a range of approximately plus or
minus 8 cps at 100 kc. This allows the frequency to be set to a
primary standard such as WWYV where an exact calibration is re-
quired. The frequencies are correct within plus or minus .01%
over a room temperature variation of plus or minus 33 degrees
centigrade. In the Model 100B a temperature controlled crystal
can be provided to hold the frequency within plus or minus 0019,
from minus 10 degrees centigrade to plus 50 degrees centigrade.

OUTPUT: An output voltage of at least 5 volts is provided on all
frequencies into an impedance of 500 ohms or higher. The inter-
nal impedance of the output system is approximately 200 ohms
and satisfactory wave shape can be obtained with z load impedance
as low as 1000 ohms.

WAVE SHAPE: The output wave shape is sinusoidal to a degree
that will allow easy recognition of high fractional Lissajou pat-
terns such as 53/4 or 52/5. Thus, exact measurements can be made
of frequencies 1% or 2% apart in the audio spectrum, and up to
100 ke, With any conventional mixer system harmonics may be
obtained for frequency calibration to 20 megacycles or higher,
even though the wave form of the standard is sinusoidal.

POWER SUPPLY: The Standard operates from 115 volt 60 cycle
power supply, and the power supply is regulated to minimize line
voltage fluctuation effect.

MOUNTING: The Model 100 is available in either cabinet or
relay rack mounting. The panel size is 19” x 105" and the depth
is 12",

When ordering specify if temperature control of the crystal is
desired ; otherwise, specify ambient temperature at which crystal
frequency should be set.

HEWLETT-PACKARD CO.

395 PAGE MILL ROAD

PALO ALTO, CALIFORNIA
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5 WATT 500~ ATTENUATOR SET

®

MODEL 350A

MODEL 350A

ATTENUATORS AND VOLTAGE DIVIDERS

Special -bp- attenuators and voltage dividers
can be Supglied for measuring work where ac-
curacy, wide frequency response, large power
handling capacity or other special features are
required.

Such an instrument is the -Bp- Model 350A
Attenuator Set. It is a bridged-T type atten-
uatot, calibrated to give 110 db of attenuation.
Outstanding features are its smoothness of oper-
ation and dependability. Other features which are in-
cluded in the data herewith show why it has advantages
over conventional AF Attenuarors available.
DESCRIPTION: The Model 350A is a bridged-T
attenuator consisting of one 100 db attenuator with
10 db steps and a 10 db attenuator having 1 db steps.
Special construction is used to assure high frequency
response.

SPECIFICATIONS
ATTENUATION: The attenuation is 110 db in 1 db

StEPS.

IMPEDANCE: The input and output impedances are
500 ohms with one side at ground.

ACCURACY : Each individual resistor is adjusted to

=159,
FREQUENCY RESPONSE: Accumulative error at
100 ke approximartely 1 db in 50 db.
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POVWER CAPACITY : The attenuator will han-
dle 5 warts continuous duty.

MOUNTING: The attenuator is mounted in
a small wooden cabinet 5 by 8 by 414".
PRICES: $40.00 net, FOB Palo Alto, Califor-
nia. Prices and data subject to change without
notice.

USES: The Model 350A Attenuator Set was
designed for measuring work where accuracy,
wide frequency response, and large power handling
capacity are required. This Attenuator Set can be used
for measuring purpose: at frequencies of 100 kc or
higher, and it is equally suitable at the lower audio
frequencies. It is, therefore, particularly adapted to
work in the supersonic field and for other measure-
ment work above the range of the conventional audio
frequency attenuator. It is mounted in a small wooden
cabinet with input and cutput binding posts available
on the front panel, and the unit is completely shielded
from moderate ficlds.

Attenuators, voltage dividers, matching networks and
precision resistors good for frequencies up to 1 mega-
cycle—as well as other precision instruments of this
type—can be supplied for measuring work where spe-
cial features are required. Inquiries pertaining to your
particular problems will be given careful attention.




SPECIAL

Oscillator Assembly to provide Standard Frequencies for a
Special Production Test Applicacion.

No. 10 Binding Posts.

EQUIPMENT

@ The Hewletr-Packard organization has
had wide experience in the develop-
ment of many types of special equipment
adapted to the needs of the industry for
electronic measurement work.

An example of such engineering is illus-
trated ac the left. In this case the problem
was to supply a series of set frequencies for
production line measurements, the require-
ment being that the frequencies must re-
main constant over a long period. Several
standard -bp- Resistance-Tuned Audio
Oscillators were mounted into a relay rack
. . . each one set to the desired frequency.
The inherent characteristics of the -bp-
oscillators made it possible to maintain
these desired frequencies within the allowed
limits of Auctuation.

Precision multi-tap switches and other
hardware for use in equipment for mea-
suring work are also available. A typical
example of the -bp- special hardware
is shown in the illustration of the No. 10
Binding Post (at lower left). These
posts are designed for laboratory and
measurement instruments and provide a
positive connection which can be changed
frequently. The recess for “Banana” plug
is in the main body of the post...not in
the screw cover. This feature eliminaces
excessive contact resistance. The cross hole
for permanent connection can be used
even when the banana plug is inserted. The
screw thread is 10-32 and the tip is under-
cut so that a soldered connection will not
damage the thread. Long, axially knurled
ferrule provides a wide surface for ease
of handling and adds to the appearance.

We invite your correspondence for fur-
ther information on special problems of
this nature.
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MODEL PAGE

NO. DESCRIPTION NOQO.

200 Series Resistance-Tuned Audio Oscillators . . . . . . . 12
A,B CandD

205A ) s

205AGS Audio Signal Geperators . . . . . . . . . . 14

400A Vacuum Tupe Voltmeter . . . . . . . . . . 16

300A Harmonic Wave Analyzer . . . . . . . . _ . 18

320 Series Distortion Analyzer . . . ., . . . . . . . 20
A and B

500A Electronic Frequency Meter . .5

325B Noise and Distortion Analyzer . . . . . . . . 24

210A Square Wave Generator . . . . . . . . . . 26

100 Series Secondary Frequency Standard . . . . . . . . 28
Aand B

350A Attenuators and Voltage Dividers. . . . . . . . 30

Army-Navy “E¥
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Warranty

Hewlett-Packard Company warrants each instrument manufactured
by them, to be free from defects in material and workmanship. Their
obligation under this Warranty being limited to servicing or adjust-
ing any instrument rewurned to their factory for that purpose, and
to making good at their factory any part or parts thereof, except wbes,
fuses and batteries, which shall, within one year after making delivery
to the original pucchaser, be returned 1o them with transportation
charges prepaid, and which on their examination shall disclose
their satisfaction to bave been thus defective.

Hewlett-Packard reserves the right to make changes in design at any
time without incurring any obligation to install same on units previ-
ously purchased.

This Warranty is expressly in lieu of all other obligations or liabili-
tics on the part of Hewlett-Packard, and Hewlett-Packard neither
assumes nor authorizes any other person to assume for them anv
liability in connection with the sales of Hewlett-Packard instruments.
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