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FUNCTION

AUDIO OSCILLATORS]

AUDIO SIGNAL GENERATORS/

FUNCTION
LOW FREQUENCY STANDARD

SQUARE WAVE GENERATOR

WAVE ANALYZER{

DISTORTION ANALYZERS

ATTENUATOR

ELECTRONIC FREQUENCY METER
ELECTRONIC TACHOMETER

REGULATED POWER SUPPLY

VACUUM TUBE VOLTMETE RS[

INSTRUMENT

200A
2008
200C
200D
202D
2001
2018
205A
205AG

205AH
INSTRUMENT

100A
1008
210A
300A
320A
3208
3258
3308
350A
400A

410A

S00A
505A
710A

FREQUENCY

CALIERATION
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55 cps Dial Scale— 35-350 cps
to Calibration Paints-—4
35 ke Ranges—3 1. 10. 100 times dial canbration}
20 cps Dial Scale 20-200 cpa
to Calibration points — 4]
0 ke Ranges—3 (1, 10. 10D times dial calibration}
20 cas Dial Scale—20-200 cas
to Calibration Points 41
200 ke Ranges—4 (1, 10. 100. 1000 times dlal calibration;
7 cps Dial Scala  7-70 cps
o Calibration Points —78
70 ke Ranges—4 (1. 10. 100. 1000 times dial calibration}
Qcps Cinl Scals—7-70 cpa  Calibration Points—7§
Ranges -4 (1, 10, 100, 1000 times dial calibration)
Tﬂ kc Dial Scals A—2.50 tps  Calibration Points—§1
6 eps Dial Scale A~ §-20 cps  Calibeation Points -1§8
to Rarnges 3 11, 10, 100 times dial calibration)
6 ke hal Scale B - 20-§0 cps  Calibration Points —109
Rangss—3 (1. 10. 100 times dial calibration)
Cial Scala —20-200 cas
A Caiibration Points—95
20 kc Rangas—3J (1. 14. 100 times dial calibratlon)
Dial Scale 20-200 cps
20 cps Galibration Painis —§)
20 kc Ranges—3 (1, 10. 100 times dial calibration}
20 cps Dial Scale 20-200 cps
Calibration Points - 30
20 kc Ranges—3 (1. 19, HOD times dial calibration)
1 ke Dial Scale 1-30 ke
ta Calibration Points—130
100 ke Ranges—2 (], |( times dial calibration}
FREQUENCY ACCURACY
Output— G aver raom temperatuee
190 ks, 10 ko, ¢t &c, 100 cpa variation of 33° C

Dutput —
100 ke, 10 ke, | ke, 100 ops

Input

20 cps to 100 ke

Measurement Range
30 cps to 16 ke

Measures at -
404 cps and 5 ke

Measures at

50 cos. 100 cps. 400 cps, 1 ke,

5 ke and 7.5 ke

Measures lt
30 cps, 50 cps. s, 400
cps: 1 ke, 5 ke, 75 lu: |5 ke

Measurement Range
20 cps to 20 ke

Max, input - 100 ke

Measurement Range—
iDcpsto | me

Measurement Range —
20 cor to 700 mc

Measuvrement Range
5 cps to 50 ke
in 10 ranges

An Electronic Frequency Maeter and = Ta:hometer Assembly

10.0019% from
*10° C tot50° C

Square withint19% from
20 cps 10 10 ke

Frequancy -15%
Voltage memllwts%

Lesa thant
[at distortions of 30G% or less

Less thant5%
fat distortions of 30% or less

Valtmster Overall - *+3g;
Distortion -Less than £5<%
[ at distortion of 30<% or less|

Valtmeter overall - 13’/
Distortion— 13/

for distortion levels as low as (.57

Each Resistor - 0.5
Respanse — Actumulative
Eeror at 100 ke approx.
1 db in 50 db

10 cps to 100 ke—£35%
F00 ke to | me 2595

3%, AC and DC

Fregquenty Response flat within

1 decibel 2} cas ta 700 me

+2%¢ of full scala

calibrated to measure speeds up to 3,000.000 A
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INSTRU-
MENT

200-A

200-8

202-0

200-1

205-AG

205-AH

INSTRU-
MENT

100-A

100-8

210-A

300-A

J20-A

320-8

325-8

330-8

410-A

T0-A

FUNC-
TION

Resistance-
Tured Audic
Qscillater

Resistance-
Tuned Audiu
Oscillatar

Resistance-
Tuned
Dscillator

Resistance-
Tuned
Oscillator

Resistance-
Tuned
Cseillator

Resistance-
Tunsd Spread
Scale Audio
Oscillator
Resistance-
Tuned Sproad-
Scale Audio
Oscillator
Resistance-
Tuned Audio
Signal
Generator
Resistanca-
Tunad Audio
Signal Gen-
erator with 49
db Vellmeter

Resistance-
Tuned Signal
Generatar

FUNCTION

Low
Fraguency
Standard

Low
Fregquency
Standard

Square
Wave
Generator

Harmonic
Wave
Analyzer

Distortion
Annlyzer

Distortion
Analyzer

Noise and
Distortion
Analyzer

Distortion
Analyzer

Altenuator

Vacuum
Tube
Volimater

High Frequency
Vacuum Tube
Voltmetar,
oC Valtmeter,
Ohmmater

Electronie
Frequency
Meter

Elactronic
Tachometer

Regulated
Powar Supply

FRE-
OLENLCY CALIBRATION
35 ¢ps Dial Scale—35-350 cos
to Calibratior Points
35 ke Ranges--3 (1. 10, 1{{) times dial calibration}
20 cos Dial Scala--20-200 cps
1o Calibration points—41
20 ke Rangesa—3 (1, 10, 104 times dial calibration}
20 cos Dial Scale—20-200 ¢ps
to Calibration Points—4]
200 ke Ranges -4 (1, 10, 100, 100¢ times dial calibration;
1 epa Dial Scale }-70 cps
to Calibration Points— 7§
70 ke Ranges —4 (1, 10, 108, 1000 times dlal calibration)
2 cps Dial Scale—7-70 cpe  Calibration Painis—78
to Ranges—4 (1, 10, 100, 1000 times dial calibration}
70 ke Dial Scale A—2.50 cps  Calibration Points— §1
1 l:gs Dial Scale A—§-20 cps  Caltbration Points 168
Ranges-—3 (1, 10 100 times ial calibration}
s kc Dial Scale B—20-60 cps Calibration Points 109
Ranges -3 (1. 10, 100 times dial calibration)
20 ws Dial Scale—20-204 tos
20 “ Calibration Points -9
Renges--3 i1, 10. 100 times r*:al calibeation)
Dinl Scafe—20-204 cpa
20t§9' Caiibration Points—8
2 ke Ranges—J (1, 10, 104 times dial calibration]
20 cpr Dinl Scale -2(-200 cos
o Calibration Points—80
20 ke Ranges -3 (1. 10. 100 timea dial calibration}
1ke Dinl Scale-—]-10 ke
to Calibration Points-—130
00 ke Ranges- 2 (1, 1( times dial calibration}
FREQUENCY ACCURACY
Qutgut —~ 10.01% over room temperature
100 ke, 10 ke, 1 ke, 104 cps varistion of 33° C

Output—
1040 ke, 10 ke, 1 ke, 100 cps

Measuremen]

50 cps,

30 cps, 50 cos. 100 cps. 400

eps: |

Measurement Range-—

Max. input

Measurament Range—

Measurement Range

+0.001% from
110°C tox50° C

Square within2]9, fram
20 cps to 10 ke

Input--
20 cps 1o 100 ke

Frequency - 3%
Jocpsto 1§ ke Volttage averall — 5%

Moasures at—
400 cps and § ke

Leas than £5%
[at distartions of 3<% or less |

Measures at
100 cps. 400 cps, 1 ke,
H ke and 7.5 ke

Less than 5%
iat distortions of 30%; or iess

Voltmater Qverall - +35¢
Distortion-Less than £b¢,
(at distortion of 30 ot less|

Measures at

ke, 5 ke, 7.5 ke, 15 ke

Voltmeter overall ~ £3%
Distartion — 237
for distortion leveis as low as §.5'/

Each Resistor --0.59
Response—Accumulative
Error at 100 ke approx.
1 db in 50 db

20 cps to 20 ke

00 ke

10 cos to 100 ke—£3%

10 cps to | me 100 ke to 1 me—25%

23% AC and DC
Freguency Respanse fat within

20 cps o 700 me | decibel 20 cps to 760 me

Measurement Range—

5cps to 50 ke 12< of full scale

in 1§ rangas

An Electronic Fraguancy Meter and a Tachometer Assembly
calibrated to measure speeds up to 3,000.000 BPM.

FREQUENCY RESPONSE

%] decibel. 20 cps to 15 ke

%1 decibel, 20 cps to 15 ke

&f decibel, 30 cps to {50 ke

%1 decibel, 7 cps to 70 ke

%1 decibel, 7 ¢ps to 70 ke
+9 decibels, 3 cps la 7 cps

+1 decibel, G cps to § ke

11 decibel, 20 cpn to 20 ke

Down 2.0 decibels at 7§ cps
Down 1.0 decible at 20 ke
ut full output

Generator—down 2.0 db at 20 cps
Down 1.0 db at 2 ke at full cutput.
Voltmeter— within £0.2 db of 400 cpa

ref. from 20 cps to 20 ke

11 db from 10 ke rel. | ke to 100 ke
at full output

VOLTAGE

Qutput§ vaits into 1000 ohms

Output—§ valts into 1000 ohms

Ingut—min. 2; max. 200

Qutput—&0 v peak to peak on open tircuit

Input —1 mv to 500 v

Max. Input—Hd v

Max. Input - 10 v

Voltmeter Measurement

Range--.01 v 10 300 v in 3 ranges
Dmonlon min. input | v for .1% disiortion
—min, input .03 voits for tull stale

Voltmeter measuremants
01 v 1o 300 v in § ranges

Distortion—min. input | v for .17 ¢ distertion
Noise- - minimum ingut —0.0043 v for full scale

Maximum Input—5Q v

Mprasurement Range--
A v to 300 v in 3 ranges

Measurement Range--
1 to 300 VAC in § ranges
1 to {0{{ VCC in 7 ranges

tnput—@8.5 v to 200 ¥

180 to 360 VDC (regulated)
§.3 VAC ct (unregulated)

ACCURACY POWER
STABILITY OF CALI- OUTPUT INTO LOAD IMPED!
BRATION RATED LOAD
+39% %P7, 1 watt 500 ohms
2% 2% 1 watt 500 ohms
% 0% 100 mitliwatts 1000 ohm:
)% 0% 100 milliwatts 1000 ohm:
2% 2% 100 miliwatts 1000 ohm:
12% ortl%
% 100 milliwatts 1000 ohm:
Snndaniintlon
26 Nl‘ 1% )7 3 watle 600 ohma
Standardization
£2G ort15% 50, 200. 500 500
with 12 B watls all et}
Standerdization
129 or 1% Generator -50, 200,
with 2% § watts ohms rall ¢
Standardization Voltmeter —5000 ot
impedance
19 after 1 hour 54, 200, 500, 500
warm-ug 1% 5 watts all ¢t
{MPEDANCE

Load--Not less than 1000 ohms

Lead—Not less than 1000 ohms

Input—25,0{{) ohms
intarnal —Each side, 5] ohms te ground

Input—200.000 ohms

Analyzer Input —20.004 ohms
Detector {nput—Should be not less
than 104,040 chms

Analyzer Input—20.000 ohms
Dietsctor Input—Should be not less
than 104,000 ohms

Amplifier input
00,000 ohms shunted by approx. 24 mmfd
Voltmeter Input
t megohm {min.) shunted by approx. 32 mmfd

Amplifier input —-200.000 ohms

shunted by approx. 24 mmfd
Voltmeter Input A Emie. ]
shunted hy aparox. 52 mmfd

input—500 ohms - one side grounded
Qutput—50{ ohms-—cne side grounded

Input
1 megohm (min.) shunted by approx. |6 mmfd

Input —AC---8 megohms in parallel with 1.3
mimf at frequencies below 10 mc
Input - DG—1¢0 Megohms

input—50.000 ohms

AC Vo

Sepa

Outpul cor
vol




ACCURACY POWER MSTORTION
OF CALI- OUTPUT INTO LOAD IMPEDANCE AT BATED HUM LEVEL BELOW
BRATION RATED LOAD ouUTPUT RATED QUTPUT
*2c, 1 walt 500 ohms less than 1< B0 db
)% 1 watt 500 akms less than 16 60 db
|ons than 15¢
+26 100 milltwatts 1000 ohms 20 ¢ps to 20 ke 60 db
lesa than 15
% 100 milliwatts 1000 ohrms 10 cps 10 20 ke 60 db
leas than 26
% 100 midltwatts 10400 ohms Topsto 70 ke 40 db
o less than 1%
)% 108 miltiwatts 1000 ohms 10 epata G ke £0 db
n
Less than 1%
: 1% 3 watte 600 ahme at § watts 60 ¢b
{Leas than I,r’,%
n at | watt
50. 200, 500 5000 ohms loss than 1% $0 db below output or
)% 6 waits all et 30 cps ta 20 ke 90 dh below zerp level
4 at rated cutput whichever 18 larger
Generatar— 50, 200. . 5000 less than 19% 80 db below putput or
b rla G watts ohms 1ail :l 30 cps to 20 ke 90 dh below zero level
n Yoltmeter — 5000 ohms input at rated cutput whichever is larger
impedance
- 50. 200, 500, 5000 ohms legs than $5 db below output or
1% b waits tall ¢t 15 at 1 watt 65 ¢b below zerp leve
3% at b watts whichever is larger
IMPEDANCE MISCELLANEOUS CHARACTERISTICS

Load-- Mot less than 1000 shms

Load  Not less than 1300 ohms

Input—125.000 chms
Internal - Each side, 5({ ohms to ground

input 200,000 ahms

Analyzer input— 20.000 ohms
Detactor Input--Should be not less
than 100,000 chme

Analyzer input—20,000 nhms
Detector Input-- Should be not less
than 100.000 ohms

Amplifier Input—

200,000 chms shunted by approx. 24 mmid
Voltrmeter Input

megohm tmin.) shunted by apgrox. 32 mmfd

Amplifier input—200.000 ohms
shunted by approx. 24 mmfd

Vv Inpul—1 hm {min.)
shunted by approx. 32 mmfd

Input - 500 ohms-- one side grounded
Output-- 50 ohms—one side grounded

Input
| megohm {min.) shunted by approx. 16 mmfd

Input--AC—§ megohms in paraliel with 1.3
mmt at frequencies below 10 me
Input - OC— 100 Megohms

Input--30,000 vhms

Wave Shapa Sinusoidal
total distartion not more than 45 on apen circuit

‘Wave Shape—-S:inuscidal--
tota) distortion not more than 4% an open circuit

Wave Shape —Square {] microsscond to 9% of maximum)
Attenuator —-78 db in 5 db steps

Variable Selectivity
/max. selectivity is 30 cps
at 40 db down from resonance  « .- selectivity is 145 cps
Dial Calibration Points—§2

Max. A ! Fund |—more than 60 db (1%
Suond and higher harmonics — less than 5%
Filters - Tuned 1o nominal fraquencla: within £§% (non-adjustable)
Attanuatar—7( db in 1 db steps
Max. Attenuation; Fundamental—mora than §§ db (.19¢)
Second and higher harmonice — less than §%
Filters— Tuned to nominal frequencies within £55¢ (nan-adjustabie)
Attenuator - 74 db in 1 db steps

Max. Attenuation: Fundamental —more than §) db 7.55%)
Second and higher harmanics - less than 56
Filters-- Tuned te nominal frequenctes within£5% (adjustable -]9¢)
Voltmeter — Averags Reading (calibrated in
rms volta and in db above a_| mw. 00 ohm level)
Max. Attenuation: Fundamental—more than §0 db (015
Secand and higher harmonics—lass than 10%
Voltmeter Average reading (calibrated in rms volls
and db above a2 1 mw. B00 ohm level}

Attenuatton—110 db in ] db steps

Vol

-~ Average A g i1calibrated in rms voits and in
db above a | mw. §0) ohm level

AC Volimetor — Peak reading instrument will indicate voltage to 3000 me
Ohmmeter: 0.2 ohms {0 580 megahms in 7 ranges

Separata External Attachments
{. Photocedl Input (jack provided)
2. Estertine-Angus | mil, 1400 ohm
Autamatic Recorder (jack provided)

Oulput constant within apprax. 1%, for loads from () to 75 ma and for line-
voltage varintions of £.0%, . Noise and hum less than 0.005 v

POWER
REQUIRE-
MENTS

115 volits
-B0 cyr
60 watts

115 volts
50-60 cyc
125 watts

115 volts
50-80 cyc
125 watts

115 volts
50-60 cyc
125 wails

POWER
REQUIRE-
MENTS

115 velis
50-60 cyc
100 watts

115 volis
50-60 cyc
106 wails

115 volts
50-60 cye
B5 watts

115 volts
50-60 tye
105 watts

113 valts
50-60 cye
65 warts

115 volts
50-80 cyc
90 walts

115 volts
20-60 eyc
40 waftts

115 volts
50-60 cyc
4 watta
Two |.5v
fiashlight
cells supgly
ohmmeter

115 valts

115 volts
50-60 cyc
90 watts
full load

SIZE

Length [§ inn.
Height 8 ins.
Depth Yins.
Weight 32 ibs,
Length 16 ins.
Height §1ns.
Cepth 9 ins.
Weight 32 Ibs.
Length |§ ins.
Height § ins.
Oepth § ins,
Weight 30 Ibs.
Length 17 ins.
Height 8% ins,
Depth 1] ins.
Weight 32 lha.
Length §7 ins.
Haight §3; ins,
Depth 11 ins.
Weight 32 Ibs,
Length 17 ins,
Height §3; ins.
Depth {§f ins.
Weight 28 Iba.
Length ITmu,
Height Bl ins,
Dapth 17 ins.
Weight 32 Ibs.

Lenpth 2{%g ine,

Height 117 ins.
Depth 145; ins,
Weight Tﬂ%

Length 215 ins.

Height 117 ins.
Depth 145, 1.
Waight 73 Ibs,

Length 2154 Ins.
Height 11% ins.

Depth 145 jns,
Weight §3 Ibs.

SIZE

Length 213y ins,
Height 1174 inx
Depth 14 ins.
Woight 53 Ibs.
Length 215 g ing,
Height 1175 ins.
Depth {4 ins.
Waight 53 Ibs.
Length 1§ ins.
Haight 8 ins.
Depth § irs.
Waight 30 Ibs.
Length 215 ins.
Height 24 ins.
Depth 141 ins.
Weight 78 Ibs,
Length 13 ins.
Height § ins.
Depth Bins.
Weight 15 tbs.
Length 13 ins.
Height 9§ ins.
Depth 3 ins,
Weight {714 Ibs.

Length 213§ ins,
Height 1175 1ns.
Depth 14 ins.
Weight 5§ lbs.
Length 19 ins,
Height 1014 ins.
Degth 13 ins.
Waight 5( lba.

Length § ins.
Height 5 ins.
Depth 415 ins
Weight 4 |bs.

Length 7% ins
Height 944 ins.
Depth 101% ina.
Weight 15 ibs.

Length 7% ins.
Height 127, ins.
Death §%% ins.
Weight 16 Ibs.

Longth |71% ins.
Haight §3; ins,
Depth ll%lm.
Waeight 28 lba.

Length 1 ins,
Height § ins.

Depth 113, ins.
Waight 18 Ibs.

PAGE NUMBERS
Page 4-5-6-7
Page 4-3-6-7
Page 4-5-6-7
Page 4-5-6-7
Page 4-5-6-7
Page 4-5-6-7
Page 8-9
Page 12-13
Page 12-13

Page 12-13

Page 26-27
Page 26-27
Page 24-25
Page 20-21
Page 18-19
Page 18-19
Page 14-15
Page 16-17
Page 28-29
Page 10-11

Page 30-31

Page 22-23
Page 23
Page 32




SPEED AND ACCURACY ARE INTEGRAL PARTS OF EVERY -hp- INSTRUMENT

EW ease and sureness in all types of laboratory and production
testing are made possible by the use of -Ap- instruments. Although each is tail-
ored for very specific jobs, -hp- laboratory instruments have certain outstanding
“family " characteristics. No zero setting, little or no adjustment during opera-
rion, virtual independence of line and tube characteristics, full protection against
overloads, simple, accurate calibration, and streamlined circuits for clean and

trouble-free performance are qualities you will find throughout the -Ap- line.

-hp- instruments are essential and versatile tools in the fields of -television, fre-
quency modulation, radar, industrial heating, communications, carrier current,
equipment manufacture, experimental work, broadcasting, industrial testing.
Here is a partial list of the measurements that can be made with standard -£p-
instruments: distortion, frequency, gain, voltage, network response, harmonic
analysis, amplifier frequency response. They are also useful to establish standard
frequencies, establish standard ratios by attenuation, and provide voltage for
bridge measurements. Let -bp- instruments, products of sound engineering
and precision manufacture, solve your testing and measuring problems.

1
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HAD A WORD FOR IT

(11
. 5 often say that when

you can measure what you
are speaking about, and
express it in numbers,
you know semething about
it;
measure it, when you can-
not express it in numbers,
your knowledge is of a meager and unsatisfactory
kind; it may be the beginning of knowledge, but
vou have scarcely, in your thoughts, advanced w
the stage of science, whatever the matter may be.”

LORD KELVIN
1883




ENGINEERING TIME

Probably in no other field is proper instrumentation so
vitally important as in electrenics. Lacking the proper in-
struments, it is not only diffictlt to design equipment cor-
rectlyin the frrst place, but often impossible to tell whether
it is bebaving properly when com pleted.

To describe fully the performance of one of the simplest elec-
tronic devices—a single-stage amplifier—requires the meas-
urement of operating voltages and currents, gain, frequency
responsc, overload points, harmonic distortion, and noise
level. In more complex apparatus the list would be greatly
expanded. Many of these measurements must be made in
high-impedance circuits where great care and judgment must

IS AN EXPENSIVE COMMODITY...

be exercised, not only in making the measurements them-
selves, but in interpreting the results.

Engineering time is a very expensive commoadity. To em-
ploy it most efficiently, teo much thought cannot be given to
the selection of the proper tools. -4p- instruments are designed
with convenience second only to accuracy in their require-
ments. By minimizing the time needed for routine measure-
ments, and by guaranteeing the accuracy of the results, -bp-
instruments render an outstanding service toward the advance-
ment of the science of electronics. On the following pages
you will find complete descriptions of a great many -bp- in-
struments. Please feel free to write us for any assistance or

further information which you may require.




MODEL 200

AUDIO OSCILLATORS

ADVANTAGES:

No zero setting * Great stability
Constant output

Wide frequency range
Legarithmic scale

Low distortion + Light weight

USE THEM FOR:

Amplifier testing
Breadcast transmitter audio response

Source of voltage for bridge
measurements

Modulating signal generators
Supersonic voltage source
Driving mechanical systems
Synchronizing pulse generators
Loud speaker resonance tests

€

R1=Rz
Ci=Cs

RESISTANCE-TUNED PRINCIPLE

HERE is a sound research story behind this revolution-

ary -hp- Resistance-tuned Audio Oscillator. Although

audio-frequency oscillators have always been standard
equipment throughout the communications and electronics
fields, there were many “bugs’ in types commonly available.
These disadvantages included low stability, especially in the
lower frequency ranges; need for constant resetting to insure
accuracy ; low portability, because of the essential weight and
bulk of the instrument. So -4 p- engineers set out to design and
perfect an audio-frequency oscillator which would combine
the high stability and very wide range of the coil-condenser
type with the flexibility of operation of the beat frequency
type. The result is the basically new Resistance-tuned Audio-
frequency Oscillator, based on a new fundamental circuit and
resulting in new speed and accuracy for electronic tests and
measurements.

The fundamental resistance-tuned circuit of -Ap- Audio
Oscillators is shown above. The resonant frequency of this
network is inversely proportional to the praduct of resistance
and capacity. Thus the change in resonant frequency of this
circuit is three times as great as that of the coil and condenser
circuit. A ten to one frequency change is easily possible with
the resistance-tuned circuit.



The resistance-capacity (frequency determining) network
i3 operated in conjunction with a stabilized amplifier. Positive
feedback is applied to this amplifier through the resistance-
tuned netwotk, resulting in a very high effective Q for the
circuit. See figare 1. Negative feedback is also used, and
operates in conjunction with a non-linear resistor to limit
amplitude and decrease distortion. It also helps in providing a
constant and extremely stable output over the entire range.
See figure 2.

NO ZERO SETTING

The excellent physical Jayout of -bp- Audio Oscillators has
much to do with their satisfactory performance. Thermal drift
is kept at a minimum by proper placement of components, and
by means of low temperature coefhicient elements in the resist-
ance netwotk. Furthermore, this thermal drift is not magni-
fied, as is the case with the beat frequency type oscillator. Thus
calibration is accurate under all operating conditions, without
the inconvenience of constant zero setting, even within the
first few minutes of operation. The constant output of these
oscillators makes it easy to check the frequency response of the
apparatus quickly, easily, accurately.

EESPOMNSE

PHASE SHIFT

FREQUENCY

Fr'gh'lr 1

ONLY THREE DIALS

There are only three controls on the panel. They are the
main frequency dial which covers a frequency range of 10 to
1; a range switch which seleats the desired frequency band,
and an amplitude control to vary the output signal level.

The primary function of an audio-frequency oscillator is
to generate an accurately controlled signal of known fre-
quency. This signal may be used to check the performance of
audio amplifiers, broadcast transmitters, and similar equip-
ment. Although applications in the related fields of electronics
aré of first importance, the usefulness of the -4p- Resistance-
tuned Audio Oscillator is by no means limited to the electrical
engineering fields. They may be used, for example, to drive
mechanical systems, in order to measure resonance and sta-
bility. Other measurements of mechanical equipment include
measurements of the output frequency of rotating equipment,
such as generators and dynamotors.

- p- Resistance-tuned Audio Oscillators provide an excel-
lent source of voltage for accurate bridge measurements. The
output is sufficient to drive signal generato:s and other equip-
ment requiring considerable power. Certain models ate also
adapted to work in the supersonic range.

The usefulness of these oscillators is greatly increased be-
cause they are small and light in weight; thus easy to carry
around. In short, the speed and accuracy of -Ap- Resistance-
tuned Audio Oscillators make them ideal for an almost endless
number of exacting jobs.

SPECIFICATIONS

Six standard models are available. The Models 200A and
200B have a transformer-coupled output amplifier which will
deliver 1 watt into a matched load and are principally de-
signed for use in audio testing. The Models 200C and 200D
have a resistance-coupled output amplifier to provide uniform
output voltage over their wide frequency range ; they are prin-
cipally useful when handling a wide range of frequencies,
where a smaller amount of power is sufficient. Model 202D is
a modification of Model 200D, with the frequency range ex-
tended down to 2 ¢ycles per second. It is particularly useful
whete it is necessary to generate an extremely wide range and
where low frequencies are involved, as in mechanical vibra-
tion preblems. The Model 2001 is an oscillator of the band
spread type. It is intended for interpolation work and for
applications where it is necessary that the frequency of oscilla-
tion be known very accurately. These oscillators are supplied
in a relay rack mounting, as the 200AR, 200BR, 200CR,
200DR, 202DR, and 200IR.

DISTORTION AND AMPLITUDE CHARACTERISTICS
OF RESISTANCE.CAPACITY OSCILLATOR

OUTPUT VOLTAGE Db

10 100 1000 10000

% DISTORTION
[-]

FREQUENCY IN C.P.5.

Figure 2
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MODEL 202D
FREQUENCY RANGE

Model 200A 3Scpsto 35ke
Model 200B 20cps to 20 ke
Model 200C . 20 cps to 200 ke
Model 200D 0 Tepstw 70kc
Model 202D e e e 2epsto 70 ke
Model 2001 5 & ©o o @ o o Gepsto G ke

Colibration: The dial is calibrated directly in cycles for
the lowest range. A switch selects the range and indicates the
proper multiplying factor. The dial calibration of Models
200A, 200B, and 200C covers approximately 180 degrees,
with an equivalent scale length of 20 to 30 inches. Models
200D and 202D have dial calibrations covering approxi-
mately 300 degrees with a scale length of about 60 inches.
Model 200t is calibrated over approximately 300 degrecs, and
has a scale length of approximately 90 inches,

200A 2008
Range 1 35 .- 350 cps . 20 - 200 cps
Range 2 350 - 3500 cps . 200 - 2000 cps
Range 3 3500 cps - 35 ke 2000 cps - 20 ke

200C 200D
Range 1 20-200cps. .- . . 7 - 70 cps
Range 2 200 - 2000 cps 70 - 700 ¢ps
Range 3 2000 cps - 20 ke 700 - 7000 cps
Range 4 20 - 200 kc 7000 cps - 70 ke

Model 202D is similar to Model 200D, with the addition of a
2-50 ¢ps band covering approximately 200 degrees on the main
taning dial.

2001
Axl . . . 6- 20cps Bx10 200 - 600 cps
Bxi . . . 20- 60cps Axi00 . 600 - 2000 cps
Ax10 . . . 6D-200cps Bx100 . 2000 - 6000 cps

Stability: Under normal conditions the frequency drift is

2% even including initial warm-ups. Plus or

minus 20% line voltage variations change the frequency less

0.2¢; at 1 ke. No zero setting is necessary on these

oscillators. On Model 2001, if the ranges are standardized

against a suitable frequency standard from time to time, accu-
racy better than 164 can be maintained.

6

Output: The Models 200A and 200B will supply one watt
or 22.5 volts output into a matched resistance load of 500
ohms, and 25 volts on open circuit. Models 200C, 200D,
202D, and 2001 will deliver 100 milliwatts or 10 volts into
2 1000 ohm load. The internal impedance of the output am
plifier is about 50 ohms at 1000 cps.

Frequency Response: The output voltages of Models 200A
and 2008 are constant within plus or minus one decibel from
20 cps to 15 kc. The output voltage of the Model 200C is
constant within plus or minus one decibel from 20 cps to 150
ke, The output voitages of the Models 200D and 202D are
constant within plus or minus one decibel from 7 ¢ps to 70 ke.
The Model 202D will be within plus or minus 2 decibels from
2 cps to 7 cps. The frequency response of the 2001 is plus or
minus one decibel from 6 ¢ps to 6,000 cps.

Distortion: The total rms distortion contained in the
waveform of the various models is within the following-
limits: Models 200A and 200B, less than 14¢ distortion from
35 cps to 20 kc. Model 200G, less than 17% distortion from 20
cps to 20 ke. Model 200D, less than 14 distortion from 10
cps tv 20 ke, Model 202D, less than 29¢ at rated output volt
age from 10 cps to 70 ke. Model 2001, distortion less than 19
above 10 cps, and only slightly more than this at fower fre-
quencies.

Hum Voltage: On 2ll models, the hum voltage is less than
0.1%% of maximum output voltages.

Power Supply: 115 volts, 50/60 cycles, 50 watts.

Mounting: The cabinet models are mounted in an attractive
steel cabinet finished in wrinkie gray.

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 6" 8" o 32 Ibs.
200B Cabinet 16" 8" 9 32 Ibs.
200C Cabinet 16” 8" 9” 30 lbs.
200D Cabinet 17" 834" 11" 32 lbs.
202D Cabinet 17" 834" 11" 32 lbs.
2001 Cabinet 17” 815" 103"  321bs.
200AR Relay Rack 19~ 7" 9 35 Ibs,
200BR Relay Rack 19" 7 9 35 1bs.
200CR Relay Rack 19" 7 o 35 1bs.
200DR Relay Rack 19" 834" 11* 37 lbs.
202DR Relay Rack 197 B34 11” 37 Ibs.
200IR Relay Rack 9 84" 11” 37 Ibs.

Average shipping weight 42 Ibs.

Data subject to change without notice.




2008 AND 200¢

Here is the main tuning dial of -hp- Models 200B and
200C Audio Oscillators. Range is 20 cps to 20 kc on 200B,
with dial calibrated over approximately 180° and-effective
scale length of about 2077 ; 200C has range of 20 cps to 200 ke
and cffective scale length of about 267,

The -5p- Model 202D is a modification of the 200D, which
extends the range down to 2 cps. The tuning dial is calibrated
over approximately 300°; the effective scale length is about
75”. Before calibtation, afl -Ap- Audio Oscillators are oper-
ated for a long period-so as to be completely stabilized.

Main tuning dial of -4p- Model 200D is calibrated over
approximately 300° and has an effective scale length of about
607 This wide range instrument (from 7 cps to 70 kc) owes
much of its speed and accuracy of operation to the precisely
calibrated and easily controlled tuning dial pictured above.

Main tuning dial of the 2001, which is an oscillator of the
band-spread type, intended for comparison work. The dial is
calibrated over approximately 300° with effective scale length
about 907 and range of 6 cps ta 6 kc. Each Model 2001 is
carefully hand calibrated to insure maximum accuracy.

7



MODEL 201B

AUDIO OSCILLATOR

4y

LA
Yyeey

STABILIZED
AMPLIFIER

POWER
AMPLIFIER P

ADYANTAGES:
3 Watts Output
Distortion Less Than /2,
Low Hum Level
New Dial with Ball Bearing Drive
Accurate Expanded Frequency
calibration

Improved Control of Output Level

USE IT FOR:
High Fidelity Amplifier Testing
Transmission Line Measurement
Loud Speaker Testing

Frequency Comparison

CHECK THE ADVANTAGES OF
THIS FINE, NEW OSCILLATOR

N FM and other fields where high fidelity is important,
this new -hp- Model 201B Audio Frequency Oscillator
will meet every requirement for speed, ease of operation,

accuracy and purity of wave form, The product of 6 years of
-bp- oscillator development, this new oscillator has many
brand new features, in addition to the revolutionary resistance-
tuned circuit which has made -5p- a by-word in engineering
circles.

The 201B has an accurate, convenient method of frequency
control, ‘The 6” dial, with smooth ball-bearing action, may be
tuned by a directly controlled knob, or for still greater ac-
curacy, may be set by the vernier which has a ratio of 6 to 1
to the main dial. The illuminated main dial is designed so that
parallax is eliminated. It'is calibrated over 300 degrees with
approximately 95 calibration points and has an effective scale
length of about 47 inches. Frequency range is 20 ¢ps to 20 kc.



Increased Power Output

The amplifies delivers up to 3 watts of power into a 600
ohm resistance load, with distortion held to 19, Thus there is
sufficient power available for driving almost any kind of lab-
oratory or production equipment. Harmonic distortion may
be kept to less than V2 of 14, if the output of the amplifier is
limited to 1 watt.

Another important feature of this oscillator is the provision
which is made for standardizing each frequency range against
a reliable standard, such as -ip-’s Model 100B Secondary Fre-
quency Standard. By standardizing the instrument regularly,
frequencies can be depended upon to be better than 1%
accurate.

Dual Control For Qutput Level

A new departure in oscillator design is the dual method
for controlling output level. A volume control which is ahead
of the amplifier controls the voltage at which the amplifier
operates. An output attenuator is provided to attenuate the
zignal delivered by the amplifier. Attentuation is approxi-
matelely linear from zero to 40 db, Both hum level and output
voltage are thus attentuated together. As a result, hum level
may be kept 60 db or more below the signal level, a special
advantage in cases where small test signals are used.

The impedance looking back into the output circuit is about
50 ohms; thus the voltage regulation for varying loads is ex-
tremely good. For measurements where it is desirable to have
impedance looking back into the instrument of 600 ohms, as
in transmission measurements, the attenuator may be used to
give about 6 db or more of attenuation, making the reflected
impedance of the instrument about 600 ohms.

Important Details

Care has been taken to perfect every detail of this new
oscillator. Improved chassis layout and placement of com-
ponent parts minimizes thermal drift. The voltage on the
oscillator is maintained constant with an electronic voltage
regulator, The entire instrument is characterized by greater
mechanical rigidity; the tuning assembly is mounted on a
sturdy cast aluminum frame, The chassis itself is made of
aluminum ; the oscillator is light in weight and easy to handle.

SPECIFICATIONS MODEL 2018 AF OSCILLATOR

Frequency Ronge: The frequency range is from 20 cps to
20,000 cps covered in three bands.

Band Frequency Caverage
x1 20 - 200 cps
it 200 - 2009 cps
=100 2,000 + 20,000 cps

Frequency Calibration: The calibration is direct in cycles per
second for the lowest band. Approximately 935 calibration
points are provided over a 3¢0-degree arc. The dial is 6 inches
in diameter, illuminated and driven by a vernier knob having
G:1 ratio. The effective scale length for the three bands is 47
inches,

Stebility: Under normal temperature conditions the fre-
quency stability is better than 2%, including the initial
warm-up drift, Plus or minus 10% hne voltage variations
will result in no change in the output frequency. Adjustments
are provided on each band to standardize the calibration
against an accurately known frequency. With standardization
the accuracy may be maintained better than =1%.

Output: The instrument is rated at a maximum of 3 watts
or 42,5 volts into a 600 ohm resistive [oad. Maximum no load
voltage is at least 60 volts, The impedance looking back into
the output circuit (zero attenuator settilag) is approximately
75 ohms. With attenuator set at a value of 10 db or more the
impedance looking back inte the output is 600 ohms.

Frequency Response: The output voltage is constant within
=1 db over the frequency range of 20 cps to 20,000 cps.

Distortion: The total r.m.s. distortion of the output wave
over the range of 20 cps to 20,000 cps is less than the follow-
ing limits:

1%, distortion
.5%% distoreion™

3 watts output
[ watt cutput
“Down ta 50 cps, at 20 ¢ps 1% distortion.

Yolume Control: Two controls are provided for varying the
output of the instrument:

1. An “Amplitude Control” adjusts the amount of oscil-
lator voltage fed to the output amplifier.

2. An "Attenuator” attenuates the output of the amplificr.
It is a variable T Pad having an attenuation range of 0 to in-
finity. Approximately linear in region 0 to 40 db.

Hum Voltuge: The hum voltage s less 0.1% of maximum
output voltage. If the output attenuator is used to control the
output (with Amplitude control set for maximum rated power
output) the hum level will be fess than .1% below any signal
level.

Power Supply: 115 volts =10%, 50/60 cycles. Power con-
suraption: 73 watts. Plate supply voltage to oscillator section
is electronically regulated.

Mounting: Cabinet Models are mounted in an aluminum
cabinet finished in wrinkle grey. Size: 17 in. long x 8%2 in.
high x 11 in. deep. Weight: 32 pounds. Shipping Weight:
46 pounds.
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MODEL 400A

VACUUM

MEASURED
VOLTAGE

< Lo
"'I-—c'-_o RANGE
-
>0 SWITCH - HIGH-GAIN STABILIZED
‘p._o: AMPLIFIER
E 1#]

FEED BACKP

+B

TUBE VOLTMETER

:

ADVANTAGES:

Wide voltage range

High sensitivity

Hairline accuracy

Time saving stability

High input impedance
Large averveltage capacity
Waveform errors minimized
Measurements up te 1 mc.
Small and light

USE IT TO MEASURE:

Voltage in audio, supersonic, and
lower RF region

Amplifier gain

Network response

Qutput level

Hum level

Power circuit voltages
High frequency voltages in
transmitting equipment
Video voltages

Carrier current voltages
Capacity

Coil figure of merit

MEASUREMENTS UP TO 1 MC SIMPLY
AND ACCURATELY MADE

OR MANY YEARS the advantages of vacuum tube

voltmeters have been recognized by electronic workers.

The -Ap- Model 400A Vacuum Tube Voltmeter is un-
usually flexible because of its wide frequency and voltage
ranges. A-c voltages as smail as 005 and as high as 300 volts
can be simply and directly measured without any precautions
over a frequency range of 10 cycles to 1,000,000 cycles. Accu-
racy of readings is assured because the high input impedance
does not disturb the usual circuit under test. Furthermore, the
calibration error of the instrument under all conditions is less
than 3% to 100 k¢ and less than 59 to one megacycle.

BROAD BAND AMPLIFIER

This circuit consists of a high gain amplifier and 2 full
wave rectifier. The cathode follower circuit, diagrammed
above, provides an input impedance of 1 megohm, while also
allowing a low impedance cathode circuit which is switched
to change voltage ranges. The full wave rectifier actuates
a one-mil meter. The amplifier is of the broad band type and




is substantially flat from 10 ¢ps to one mc. Because the ampli-
fier employs inverse feedback, it is extremely stable. Thus the
accuracy of meter reading is virtually independent of line
voltage changes and tube characteristics. See figure 1.

EASY TO OPERATE

The simplicity-of-operation characteristic of all -Ap- in-
struments is exemplified by the Model 400A Vacuum Tube
Voltmeter. Ordinarily, no precautions whatsoever are re-
quired. Turnover 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.
Large overload voltages cause saturation of the amplifier
which protects the meter from damage. Thus occasional over-
loads of 100 times normal will not damage the meter move-
ment.

The speed and accuracy of measurement of this meter make
it invaluable for laboratory work in measuring amplifier gain,
network response, and output level. The wide frequency range
makes it suitable for video measurements as well as RF meas-
urements. The sensitivity is sufficient to measure the hum level
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directly in many cases. The higher voltage ranges are useful
for measuring power circuit voltages and high frequency volt-
ages in broadcast equipment. It is also valuable as 2 VU meter,
to measure coil Q, compare capacities and resistances, and as
a null detector,

CONVENIENT TO USE

From the purely physical standpoint, the -5p- 400A is un-
usually convenient to use because of its small size and large,
easily-read slanting scale. See figure 2. The power supply is
completely contained. No adjustment to zero position is re-
quired, and the ranges are instantly available by means of a
switch on the panel. The meter is calibrated in decibels as well
as in volts and each voltage range is related to the next by 10
db steps. Thus any db level may be read directly. All in all,
the -4p- Model 400A is probably one of the most useful in-
struments in the field of electronic laboratory equipment.

BELS ') MW. 500

b(o.-n(oqm OAliroma,

Figure 2 » Detail of Meter Face

SPECIFICATIONS

Yoltage Range: A switch on the front panel selects nine
voltage ranges having full scale sensitivities 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 tms value
of a sinusoidal wave. The voltage scale is linear and a decibel
calibration based on 1 milliwatt in 600 ohins is provided. The
indication is in proportion to the average value of the full
wave ; thus waveform errors and turnover are minimized.

Frequency Range: The frequency range is 10 cps to 1 mc.

Accuracy: The over-all accuracy of the meter is within
+ 3% below 100 k¢ and +5% from 100 kc to 1 mc. Line
voltage variations from 105 volts to 125 volts or changing
tubes will affect the reading by less than 3% at all frequencies
below 100 ke,

tnput Impedance: The input impedance is equivalent to 1
megohm shunted by 16 uufd on the 30 volt range and below,
On the 100 volt range: 3 megohms, and on the 300 volt
range: 2.4 megohms.

Ovarvoltage Capacity: Occasional overloads of 100 times
normal will not damage the meter movement. Continuous or
frequent overloads should be avoided.

Power Supply: The instrument operates from 115 volts,
50,/60 cycles, 40 watts.

Mownting: The meter is mounted in a steel cabinet finished
in wrinkle gray. The front panel is finished in 2 satin gray
baked enamel, 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.

Net Weight: 15 pounds. Shipping Weight: 20 pounds.

Data subject to change without notice.
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MODEL 205AG

AUDIO SIGNAL GENERATOR

RESISTANCE TUMED
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COSCILLATOR 5 WATT AMPLIFIER

ADVANTAGES:

No auxiliary equipment needed
Range—20 to 20,000 cps

5 watts output, less than 19, distortion
No zero setting

Supplies known voltage

Qutput meter calibrated in volts and

decibels

Standardized frequencies instantly
available

Separate input meter for gain
meaqsuremants

Wide range of output impedances

USE IT FOR:

Amplifier gain measurements
Network frequency response

Source of voltage for distortion
meaasyraments

Broodcast transmitter audia response
Loudspeaker response

General laboratory applicetions
Production testing

g R - |
d® b —
# MATCHING
vaCUUM TUBE 170 DB ATTENLATOR lﬁANSE’ORM\: -
VOLTMETER 1 DB $TEFS L M PED A NCE SELEG :ﬂ l

INPUT
AMPLIFIER OR NETWORK
UNDER TEST

= |
AR
. C

Um TUBE

WYOLIMETER

SIX BASIC INSTRUMENTS COMBINED
TO SPEED GAIN MEASUREMENTS

LL THE necessary instruments for accurate gain or fre-
quency response measurements have been assembled
by -bp- engineers in one compact unit, (See block

diagram.) No auxiliary equipment is required.

This Audio Signal Generator brings new speed and ease
to testing jobs. Any desired frequency within the range of 20
to 20,000 cps is made available by the resistance-tuned audio
oscillator. These frequencies are developed at any desired
voltage between 150 volts and 50 micro-volts.

To make amplifier or network gain measurements with
the -5 p- Model 205AG Audio Signal Generator, the operator
simply connects input and output leads to the binding posts.

Two vacuum tube voltmeters are provided, one to measure
input and the second to measure output of the device under
test. The input meter has a range of minus 5 db to plus 49 db,
with an input impedance of 5,000 ohms. The attenuator sets
the output voltage. The output impedance can be instantly
changed by means of a selector switch (line matching trans-
former in the block diagram) to the commonly used imped-
ances of 50, 200, 500, and 5,000 ohms, a convenience in

CuTPyT



matching various types of networks. The Model 205AG will
supply 5 watts output with less than 19 distortion, and thus
is usefulf where sizeable amounts of power are required. Feed-
back is used for improved frequency response and lower
distortion.

The -bp- Model 205AG is well adapted to measuring fre-
quency response and gain or loss of any network. The fre-
quency remains accurate, without the necessity of zero setting.
-hp- Audio Signal Generators are built for heavy duty and
long hard service.

AUDIO AND SUPERSONIC MODELS AVAILABLE

There are three models of signal generators. The -Ap-
Model 205AG provides all of the basic components to make
a complete gain measurement in one unit. The -5p- Model
205A is similar to the 205AG except that the input vacuum
tube voltmeter is eliminated, For supersonic measurements
the -5p- Model 205AH signal generator is available. This in-
strument is similar to the -4p- Model 205A but covers a fre-
quency range of 1 ke to 100 ke.

SPECIFICATIONS, MODEL 205AG AND 205A

Frequency Range: The frequency coverage is 20 ¢ps to
20,000 cps, in three ranges,

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

Stability: Under normal temperature conditions the fre-
quency will drift less than 29 over long periods of time. Each
range is provided with an internal adjustment so that 1%
accuracy tnay be maintained if required.

Owtput: 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 available. All are center
tapped, balanced and may be grounded if desired.

Frequency Response: The frequency response of the system
beyond output meter is down 2.0 db at 20 cps and 1 db at
20,000 ¢ps (at levels from 437 to —30 dbm), Drop in re-
sponse exceeds these limits at levels lower than —30 dbm.

Distertion: The distortion is less than 1¢% at rated output
at all frequencies above 30 cps.

Hum Level: The hum level is 60 db below the output volt-
age or 90 db below zero level, whichever is the larger.

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

Input Meter:* The input meter has a range of minus 5 db
to plus 49 db based on a 1 mw level in 500 ohms. The meter
scale is calibrated from minus 5 db to plus 9 db and a multi-
plier switch adds from zero to 40 db to the reading in 5 db

steps. The meter has an input impedance of 5,000 ahms.
*Not included in Model 20%A.

Frequency Response: The input meter is compensated to
have about 0.5 db rise at 20 kc so that gain measurements
with the Model 205AG are accurate to 15 kc and only about
0.5 db in error at 20 kc.

Ovtput Artenvater: 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: Available in cither relay rack or cabinet mount-
ing. Panel size on either instrument, 19" x 10157, Cabinet
models are mounted in oak cabinets. Panels are finished in
gray wrinkle enamel with machine engraved designations.

Net Weight: 73 pounds. Shipping Weight: 116 pounds.

MODEL 205AH SUPERSONIC SIGNAL GENERATOR
Frequency Range: 1 ke to 100 ke, in two ranges.

Power Output: 5 watts at 365 distortion, 3 watts at 19
distortion, 1 watt at 159 distortion.

Output Impedances: 50 chms, 200 ohms, 500 ohms, and
5,000 ohms. Ali are center tapped {ungrounded).

Frequency Response: +1 db from 10 kc reference.

Hum Level: The hum Jevel is at least 65 db below output
voltage or 65 db below 1 milliwatt into 500 ohms, whichever
is greater.

Owtput Attenuotor: Range: 0 to 110 in 1 db steps. Accu-
tacy: 14 db in first 80 db, 3 db in last 30 db.

Power Supply: 115 volts, 50-60 cycles, 140 watts.
Accuracy of Frequency: =+ 2%,

Stabiilty of Frequency: +149 after 14 hour warm up.
Line voltage changes of 109 have no effect on frequency as
power supply to oscillator is regulated.

Ovtput Meter: The output meter is calibrated directly in
volts at 500 ohms and in db above 1 milliwatt level (50 volts
and 437 db, full scale).

Maunting: The instrument is available in either relay rack
or cabinet mounting. The panel size on either instrument is
19" x 1014,”, Cabinet models are mounted in cak cabinets.

Net Weight: 63 pounds. Shipping Weight: 110 pounds.

Data subject 1o change without notice,
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MODEL 325B

NOISE AND DISTORTION ANALYZER

THREE BASIC INSTRUMENTS COMBINED
TO SPEED DISTORTION MEASUREMENTS

ADYANTAGES: ODEL 325B is a combination of three separate ele-
ments: a frequency elimination circuit; an input
amplifier, stabilized at 20 db, and a vacuum tube

voltmeter. Any of these may be used individually. Together

they form a uniquely practical trio.

By eliminating the fundamental frequency of 2 wave, and
measuring the residual voltage, the -4p- Model 325B Notise
USE IT TO MEASURE: and Distortion Analyzer makes possible accurate measure-
ments of total noise and total distertion of any given wave.

Measures total noise and distartion
Measures distartion as low as 0.1,
Measures voltage as low as .0005

Will not load circuit being measured
Available in standard FCC frequencies

Total noise * Frequency response
Total distortion * Amplifier gain
Hum level ALMOST INFINITE ATTENUATION

Voltage level, audio and supersonis At balance its filter circuit has almost infintte attenuation

at a single frequency, while other frequencies pass with little
" . or no attenuation. As shown in the chart, (see fignre 1) the
A distortion analyser . 3 p
" attenuation at the second harmonic (2F) is of the order of

A broad band 20 or 75 db amplifier 1. db. whil b p i al Nrne
A ) lifier for an oscilloscope 15 db, while at the resonant frequency it 1s almost infinite—

preraey P from 60 to 70 db in practical circuits. This makes it possible
A 10 eps to 100 ke vacvum tube voltmeter b 2
A uni Hlab } to measure distortion as low as 0.1%¢,

et A The amplifier employs inverse feedback, with the result

that the accuracy is virtually independent of line voltage and
tube characteristics and gives a constant gain of 20 db. The

USE IT AS:




amplifier is flat from 10 cps to 100 kc 5o that harmenics as
high as the 6th of 15 kc are correctly indicated. Because the
input impedance is high, the 323B will not load down the
circuit being measured.

The sensitivity of the vacuum tube voltmeter is increased
10 times by the 20 db amplifier so that the hum may be meas-
ured directly, and voltage as low as .0005 can be measured.

The vacuum tube voltmeter is identical to the 400A except
that the frequency range is limited to 100 kc. It is calibrated
both in volts and in db. Terminals are provided at the output
of the vacuum tube voltmeter amplifier for observation of the
waveform on an oscilloscope. These terminals may also be
used to employ the full system as a broad band amplifier of
75 db gain.

STANDARD FREQUENCIES

The -5 p- Model 325B covers the audio frequency spectrum,
with filters for frequencies of 30 cps, 50 cps, 100 cps, 400 cps,
1,000 cps, 5,000 cps, 7,500 cps, 10,000 cps and 15,000 <ps,
all set within =+ 5% of specified value. These are the frequen-
cies recommended by the FCC for checking broadcast trans-
mitters. On special orders, filters for other frequencies from
20 cps to 20 ke can be obtaingd. The meter scale is calibrated
in volts and decibels.

CHARACTERISTICS

WTITENUATION, Db

The Model 325B, when used in conjunction with one of
the -bp- 200 series Resistance-Tuned Audio Oscillators, pro-
vides equipment to make most laboratory AF measurements,
including distortion, power gain, and frequency response. It
will not load down the circuits under test since the input im-
pedance is 200,000 ohms. The voltmeter section has an input
impedance of 1,000,000 ohms and is very conveniently used
independently to measure a-c voltages from .005 to 300 volts.
When used with a simple diode detector the Model 325B will
measure audio distortion in the r-f transmitted signal of a
broadcast station. It is also useful in production testing of high
fidelity receivers.

SPECIFICATIONS

Sensitivity: The Model 325B will give full scale indication
on a distortion level which is .39 of the fundamental. Meas-
urements to 0.1% may be made with good accuracy. The full
scale sensittvity is 3.0 millivolts or 50 db below 1 mw in 600
ohms. Satisfactory readings to 70 db below zero can be made.

The over-all gain from the input terminals 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, 100,
300. The ranges are also calibrated in db and the range multi-
plier changes the sensitivity in steps of exactly 10 db. Zero
level is 1 mw in 600 ohms,

Voltmeter Accwracy: The over-all accuracy of the unit for
voltage measurements is +=3%. Line voltage variations from
105 volts to 125 volts or changing tubes affects the reading
by less than 395.

Yoltmeter Frequency Response: The frequency response of
the meter including the input amplifier is within 3% from 10
cps to 100 ke.

Filter Frequency: Filters are provided for the following
frequencies: 30 cps, 50 cps, 100 cps, 400 cps, 1,000 ¢ps, 5,000
cps, 7,500 cps, 10,000 cps and 15,000 cps. These frequencies
are set to plus or minus 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 measurements in general will be accurate
within +39% for distortion levels above 0.5%;; When the
distortion is largely second harmonic the accuracy will be
+ 5% for frequencies above 7.5 k.

Nolse Measurement Accuracy: The accuracy 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 ochms shunted by approxi-
mately 24 uufd. The input impedance 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 50/60 cycles.
The various parts of the unit are arranged for maximum flex-
ibility so they can be used separately if desired. Terminals are
supplied to connect an oscilloscope across the metering circuit
so that observations of the applied wave and residual distor-
tion may be made if desited. The indicating meter is a 4-inch
square type with a large scale for ease of reading. The meter
and various range switches are calibrated in both volts and
decibels.

Mounting: The unit is mounted in an attractive oak cabinet
with the front panel 19 x 1014”’. Complete shielding is pro-
vided against pickup from either 60 cycle or r-f fields of rea-
sonable magnitude. The panel is finished in wrinkle gray with
all controls and ranges clearly marked.

Net Weight: 56 pounds. Shipping Weight: 115 pounds.

Data subject to change without notice.
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MODEL 330B

DISTORTION ANALYZER

R F DETECTOR

R F '
— 2 1 =
2 &
A F
ADYANTAGES:

COVEFS ﬂudio Spec+rum

Measures noise as small as

100 microvolts

Linear r-f detector

Terminals for oscilloscope

Ball bearing frequency control dial
High order of accuracy and stability

USE IT FOR:

Measuring total disfortion of
audio signal

Measuring total distortion of
audio-modulated r-f carrier

Measuring voltage level, power output,

amplifier gain

Measuring noise and hum lavel of audio

frequency equipment directly
Determining frequency of unknown
audio signal

High-gain, wide-band, stabilized
amplifier

£ AMPLIFEER VaCUUs TUBE VOLTMETER

yry

Q
S
<
Ani L AaaA

OSCILLOSCCOPE l TERMINAL

Qo

VOLTMETER PROBE

HE Model 330B Distortion Analyzer is Hewlett-

Packard’s newest and finest distortion-measuring in

strument. The Model 330B is capable of measuring
distortion at any frequency between 20 cps and 20,000 cps. It
will make noise measurements of voltages as small as 100
microvolts, A linear r-f detector makes it possible to measure
these characteristics directly from a medulated r-f carrier. The
convenience of operation, high sensitivity, accuracy, stability,
and light weight of the 330B make it a uniquely valuable in-
strument for broadcast, laboratory, and production measure-
ments.

The circuit of Model 330B consists of a linear r-f detector,
a frequency-selective amplifier, 2 vacuum-tube voltmeter, and
a regulated power supply.

The r-f detector includes a diode rectificr operating in con-
junction with a resonant circuit which is tuned to the carrier
frequency under measurement. The detector covers a range of
500 ke to 60 mc and is varied by means of a tuning condenser
and range switch which selects one of six bands. The detector
may be switched out of the circuit when audio frequencies
are used.

The 20 db amplifier operates in conjunction with the -4p-
resistance-tuned circuit to provide infinite attenuation at one



frequency while allowing all other frequencies to be passed
at the normal gain of the amplifier. See figure 1. Negative
feedback is employed in the amplifier to minimize distortion,
give a uniform response over a wide range of frequencies,
and to provide a high order of stability. The frequency re-
sponse is from 10 cps to 100,000 cps; thus even the ffth
barmonic of 20 kc is passed through the amplifier without
attenuation.

The voltmeter section of the instrument consists of a two-
stage high-gain amplifier, a rectifier, and an indicating meter.
A large amount of negative feedback is employed to insure
stability and a uniform response from 10 ¢ps to 100,000 cps.

Typical Applications

The flexibility of -Ap-'s Model 330B leads to a number of
applications. It may be used to measure the total distortion
at any frequency of an audio signal, or of an audio-modulated
r-f carrier. It may also be used as a voltmeter for measuring
voltage level, power output, amplifier gain, and for any other
use which a high-impedance, wide frequency range, high sen-
sitivity voltmeter is desirable. With the added gain of the
amplifier the vacuum-tube voltmeter has sufficient sensitivity
to measure directly noise and hum level in audio frequency
equipment, such as studio amplifiers. With the linear detector
the noise level in the carrier output of transmitting equipment
can be readily measured. The frequency selective amplifier
can be used as an audio frequency meter to determine the fre-
quency of an unknown audio signal. The instrument may also
be used as a high-gain, wide-band, stabilized amplifier, hav-
ing a maximum gain of 75 db.

This new Model 330B Distortion Analyzer is particularly
adapted for use as an all-around measurement device in the
broadcast studio and broadcast transmitter rooms. Rugged-
ness, high stability, and the easy operation of the ball-bearing
frequency control dial are features which add to its con-
venience and reliability for production test jobs.
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SPECIFICATIONS MODEL 330B DISTORTIOR ANALYIER

Range: The Model 330B will measure distortion at any
frequency from 20 cps to 20,000 cps. The frequency of
measurement is selected with a directly calibrated dial having
its lowest range calibrated directly in cycles per second. A
range switch selects the operating band.

Aceuraey: The circuit will eliminate the fundamental by
more than 60 db and will attenuate the second harmonic and
higher harmonics by less than 10%. Distortion measurements
accurate within =37 for distortion levels as low as 0.5%.

Seasitivity: Distortion levels of 0.3% are measured with
full scale, and levels of 0.1% can be read with good accuracy
at approximately 25% scale reading.

Voitmeter Range: Nine ranges are provided with full scale
sensitivities of .03, .1, .3, 1.0, 3.0, 10, 30, 100, 300. A cali-
bration from +2 to —12 db is also provided, and the ranges
are related to each other in 10 db steps. The range switch in-
dicates db level as well as voltage range. Zero level is 1 milli-
watt in 600 ochms,

Yoltmeter Accuracy: The voltmeter accuracy is +3%. The
accuracy is not affected by changing of tubes or by line voltage
variations from 105 to 125 volts. The indicating meter is a
4-inch square type with large, easily read scales.

Voltmeter Frequency Response: The frequency response of
the vacuum tube voltmeter including the analyzer circuits is
flat within 3% over the range of 10 to 100,000 cps.

Noiss Measuremeat: When used to measure hum or noise
the meter will give a full scale deflection on a signal of 300
microvolts, Satisfactory readings may be made to 80 db below
1 milliwatt in 600 ohms.

R. F. Detector: A linear R. F. detector is provided to rectify
the transmitted carrier. The input circuits of this rectifier are
tunable from 500 ke to 60 mc, in 5 bands.

A. F. Input Impedance: The input impedance at the audio
frequency input terminals is approximately 200,000 ohms
shunted by 24 mmf. The input impedance at the vacaum tube
voltmeter terminals is 1 megohm shunted by 32 mmf.

Oscillescope Terminals: Terminals are provided for con-
nection to an oscilloscope to observe the wave shapes of the
original signal and the residual distortion components. The
maximum gain from the A. F. input to the oscilloscope termi-
nals is 75 db.

Power Supply: The instrument operates on 115 volt 50/
60 cycles. The power consumption is 90 watts. An electronic
voltage regulator maintains a constant plate supply.

Mounting: The instrument is mounted in an attractive oak
cabinet, Front panel size: 19 inches x 10% inches, depth
13 inches. The panel is finished in wrinkle grey. The Model
330B can be supplied for rack mounting and when so sup-
plied is designated by the Model No, 330BR.

Net Weight 50 lbs. Shipping Weight 120 lbs.

Data subject 1o change without notice,
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MODEL 320

DISTORTION ANALYZERS

ADVANTAGES:

Time-saving

Available for any frequencies from
50 cps to 20 ke

Measures harmonic distertion directly

Accurate

USE IT TO:

Compare distortion content of wave
with fundamental voltage

Observe type as well as amount of
distortion (with oscilloscope)

Speed production testing

Attenuate voltages and signals—
range zero to 70 db

- =

>

o Model 3208

THIS CIRCUIT SHOWS TYPE AND AMOUNT
OF DISTORTION

HE -4p- Model 320 Distortion Analyzer is a simple

and convenient device for studying and measuring the

harmonic distortion in audio frequency apparatus. The {
instrument is particularly suitable for development work, in-
asmuch as the character and type of distortion can be deter-
mined at the same time that the distortion is being measured.

In addition, the instrument is excellent for production
work because it is easy to operate and provides a rapid and
accurate check for normal operation.

Essentially, the Model 320 is a comparison device; it is
used to compare the distortion content of a wave with the
applied wave itself.

When this comparison is made in conjunction with a
cathode ray oscilloscope, the type of distortion can be ob-
served readily. The various order harmonics will show up in
the oscilloscope pattern together with hum and noise voltages,
so that a great deal of information about the voltage being
analyzed can be obtained. For this reason, the Model 320 is
a valuable instrument, not only when used alone, but also



when used in combination with other equipment which meas-
ures the total rms distortion directly,

If more accurate measurements are desired than can be ob-
tained with an oscilloscope, a sensitive voltmeter, such as the
-bp- Model 400A, can be used as the detector. With such a
meter the distortion measurements may be made with as good
accuracy as can be obtained with the more expensive distortion
meters.

MODEL 320A

The Model 320 Distortion Analyzer consists of funda-
mental elimination filters combined with a calibrated attenu-
ator reading in decibels.

When the valtage to be analyzed is adjusted to the proper
frequency, the fundamental is eliminated completely by the
filters. The residual voltage containing the harmonics can
then be observed with an oscilloscope or measured with a sen-
sitive meter. When the level has been noted, a calibrated
attenuator is substituted for the elimination filter. The attenu-
ator is then adjusted until the same indication is obtained on
the detector as with the filter in the circuit. When this condi-
tion is obtained, the distottion level is the number of decibels
below the applied wave indicated by the setting of the at-
tenuatot,

MODELS

Two models of the -hp- Model 320 are available. The
Model 320A is designed for measurement at frequencies of
400 and 5000 cps, while the Model 320B is designed for
measurement at frequencies of 50, 100, 400, 1000, 5000, and
7500 cps. All filters are designed to provide more than 60 db
of attenuation of the fundamental, so that distortion measure.
ments may be made down to 0.1%.

SPECIFICATIONS

Frequency Range: The Model 320A is designed for meas-
urements at 400 and 5000 cps. The Model 320B is designed
for measurements at 50, 100, 400, 1,000, 5,000, and 7500

¢ps. 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.

Attenvator: An attenuator is provided to compare the am-
plitude of the harmonit voltages with the fundamental. It
consists of a 60 db unit adjustable in 10 db steps and a 10 db
unit adjustable in 1 db steps, Individual resistors adjusted to
*=14%.

Distortion Range: The filter circuits will provide more than
60 db of attenuation of the fundamental, Distortion values as
low as 0.19% of the fundamental may be measured with a
detector of sufficient sensitivity.

Detector Sensitivity: The sensitivity of the instrument is
determined by the detector. The detector should give a read-
able indication on 0.19 of the fundamental if harmonics of
0.12% 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
attractive oak cabinets with the panel finished in wrinkle gray.
The Models 320AR and 320BR fit the standard 197/ relay
rack with 34" spacing. The panels are finished in wrinkle
gray with machine engraved designations.

q Net Shipping

Size Weight Weight
320A 13" x9" x 8" 15 pounds 22 pounds
320B 13" x 9" x 8" 1714 pounds 28 pounds
320AR’ 19" x 9" x 8" 17 pounds 32 pounds
320BR 19" x 9" x 8" 1914 pounds 35 pounds

Data subject to change without notice.
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MODEL 300A

HARMONIC WAVE ANALYZER

lll”

t’.

VARIABLE SELECTIVITY PROVIDES RAPID,

ACCURATE WAVE ANALYSIS
ADVANTAGES: HIS -5p- Model 300A Harmonic Wave Analyzer is a
selective voltmeter designed to measure the individual
Direct reading components of complex waves, The selectivity can be
Simplified operation varied by means of a unique selective ampliﬁer. Where the
Variable selectivity harmonics are close together the high selectivity easily sepa-
Wide voltage range rates the wave components. Yet, where the components are
5o etar scide spaced far apart, the selectivity may be widened to increase
the speed of operation without sacrificing essential accuracy.
USE IT TO ANALYZE: This feature is also valuable where it is necessary to measure
distortion of waves containing a small amount of frequency
Noise characteristics modulation, such as in sound tracks, and may be used conven-
Broadcast amplifier characteristics iently to integrate a small portion of the audio spectrum in

noise measurements and the like. Maximum selectivity is suf-
Acient to separate harmonic components spaced 30 cycles
apart. See figure 1.

Modulating amplifier distortion
Recording devices

Reotating machinery harmonic voltages
DIRECT READING

The -bp- Model 300A Harmonic Wave Analyzer covers
the audio spectrum from 30 cps to 16,000 cps. The wide volt-
age range covers the values encountered in nearly every appli-
cation. Full scale voltmeter readings may be obtained with
inputs of .001 to 500 volts so that the instrument may be used
with equal success with low output transducers and high

Film sound track distortion
Recording distortion

Hum

Network characteristics

20



ATTENUATION IN DB

power modulating amplifiers. Other features which make it
unexcelled for both laboratory and production testing are the
linear meter scales fully protected against overloads, and the
built-in calibrating system to standardize voltage measure-
ments.

THEORY

The circuit of the Model 300A consists of a variable local
oscillator, a balanced modulator, a selective amplifier, and an
indicating meter. The variable local oscillator modulates the
unknown frequency to produce a constant difference fre-
quency. This difference frequency is applied to the selective
amplifier, the output of which is then proporticnal to the
magnitude of the unknown voltage. A meter in the output of
the selective amplifeer indicates the magnitude of the voltage.

The local oscillator is of the resistance-tuned type, provid-
ing a very stable, accurate voltage. A balanced modulator is
used to climinate the local oscillator frequency and to keep
cross-modulation products very low. The selective amplifier
consists of four tuned circuits in which the effective Q is con-
trolled by positive feedback. Negative feedback is also used
to stabilize the amplifier.

This amplifier has the unique characteristic that its selec-
tivity may be varied over 2 wide range without appreciably
affecting the gain of the amplifier.
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USES

The Model 300A is well adapted to the measurement of
the harmonic distortion in audio frequency equipment of all
kinds, broadcast receivers, transmitters; to determine the har-
monic components in a-c machinery and power systems; to
the study of induced voltages on telephone lines; to measure-
ment of hum components in rectifier circuits.

Other uses include the study of noise by integrating por-
tions of the spectrum with the selectivity control adjusted for
a wide pass band and the checking of wave Alter characteristics
with maximum selectivity.

The -bp- 300A is also useful as a device to measute the
amount of cross- or inter-modulation products generated by
the simultanecus transmission of two frequencies by an audio
system or to measure demodulation of a modulated wave
applied through an audio system.

SPECIFICATIONS

Frequency Range: The frequency range is from 30 to
16,000 cps and the frequency calibration is within 35%. The
frequency is controlled by a 77 diameter dial focated on the
panel, The entire range is covered in approximately a 200°
sweep of the dial.

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 cbtained on
from 1 mv to 500 v. Two controls select the input range and
meter multiplier. The linear meter is fully protected against
overloads.

Safectivity: The selectivity can be varied by means of a
control on the front panel. At the maximum selectivity set-
ting, 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. At minimum selectivity the response is down 3 db
at 20 cycles, 10 db at 43 cycles, 40 db at 145 cycles, and 60 db
at 280 cycles from maximum response. Selectivity may be
varied continuously between these limits. The variable selec-
tivity control is calibrated in the half band width at which the
response is down 40 db.

Voltage Accuraey: The over-all voltage accuracy is =5%,
provided adjacent harmonics are within limits determined by
the selectivity, This accuracy can be maintained provided that
unwanted voltages are attenuated by the selectivity of the in-
strument to less than 1§ of the voltage being measured. Thus,
with maximum selectivity a 3% second harmonic of a 30
cycle voltage may be measured with 5% accuracy.

The residual modulation products are suppressed by at
least 65 db. Hum is at least 75 db below maximum input
voltage on any of the four input ranges.

input Impedance: The input impedance is 200,000 ohms.
The input circuit includes a potentiometer which is set to
maximum for voltage measurements,

Power Supply: The instrument contains a voltage regu-
lated power supply which operates from 115 volts, 50/60
cycles. Power required is 105 watts.

Mounting: The Medel 300A is mounted in an attractive
oak cabinet to harmonize with the panel which is Anished in
wrinkle gray with machine engraved designations. A relay
rack model is also available and is designated as the Model
3060AR.

Physical: Over-all dimensions of the Model 300A are
24* high, 2134” wide, and 14l4" deep. Net weight is 78
pounds; shipping weight is 150 pounds.

Data subject to change without nolice.
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MODEL 500A

ELECTRONIC FREQUENCY METER

LIMITING
AMPLIFIER

NNNNNN

SWITCHER RECTIFIER D-C METER

ADVANTAGES:

Wide frequency range
Accurate
Good sensitivity

Accuracy independent of line voltage
changes and tube characteristics

Ten convenient scale ranges

USE IT TO MEASURE:

Beat frequency between twa RF signals
Crystal frequency deviation

Audic frequencies

Speed of rotating machinery
Oscillater stability

MEASURES THE FREQUENCY OF A-C YOLTAGE
AS HIGH AS 50 K,

HE -hp- Model 500A directly measures the frequency
of an alternating voltage from 5 cps to 50 ke. It is
suitable for laboratory and production measurements
of audio and supersonic frequencies.
The frequency meter consists of a wide band amplifier with
a limiting circuit, and electronic switch, a constant current
supply, a frequency discriminating circuit, and an output
meter and rectifier. The input signal is amplified and used to
switch the constant current source to alternate load reststors.
The voltage developed across these resistors is applied to a
condenser, and the output meter indicates the average value
of the rectified charging current. (See diagram abave.) The
circuit is designed so that each pulse of charging current has
the same average value, making the meter reading propot-
tional to the number of pulses per second, and hence propor-
tional to the frequency of the input signal.




INDEPENDENT OF SIGNAL VOLTAGE YARIATIONS

The reading is practically independent of the input voltage
waveform, as normal waveform errors cannot affect the elec-
tronic switching operation. The regulated current source
makes the reading independent of variations in input signal
voltage, line voltage, and vacuum tube characteristics. A mul-
tiplier switch in the meter circuit provides ten convenient
scale ranges. Provision is made for checking the calibration
against power line frequency.

USES

The -bp- 500A will measure directly and without any
precautions the frequency of any source in the audio and
supersonic range. In frequency measurement work at higher
frequencies, with the aid of a detector it can be used to meas-
ure 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. Similarly it may be used
to measure oscillator and transmitter frequency stability.
With the aid of a magnetic pickup it may be used to measure
speed of machinery and rate of vibration. Provision is made
to operate an Esterline-Angus 1 m.a. recorder with the Model
500A for a continuous record of frequency.

SPECIFICATIONS

Frequency Range: 5 cycles to 50 kc, in ten ranges having
full scale values of 50, 100, 200, and 300 cycles, and 1, 2, 5,
10, 20, and 50 kc.

Inpet: An input voltage 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 volts will affect the reading of
the meter by not more than plus or minus 19%.

Accuracy: The overall accuracy of the meter is plus or
minus 29 of full scale value, A line voltage variation of from
105 volts to 125 volts will affect the meter reading by not
more than plus or minus 1%.

Recorder Output: Jack provided on right-hand side of
panel for use with 1 milliampere, 1400 ohm Esterline-Angus
Automatic Recorder.

Power Supply: 115 volts, 50/60 cycles, 65 watts.

Mounting: The instrument is available in either cabinet or
relay rack mounting. The panel size is 834" x 19/ and the
depth is 127,

Weight: Net weight, 28 pounds; shipping weight, 44
pounds.

Data subject to change withont notice.

ELECTRONIC TACHOMETER
HOW TO COUNT RPM WITHOUT EXTERNAL LOADING

The Electronic Tachometer, new -Ap- Model 503A and
505B, is a natural development from the 500A Electronic
Frequency Meter. By connecting a photocell pickup in com-
bination with a light source to this basic instrument, it be-
comes an electronic tachometer, capable of counting speeds
or revolutions over 2 wide range, from about 300 rpm (5 cps)
to 3,000,000 rpm {50,000 ¢ps). The light illuminates the
moving part to be measured, which is prepared with alternate
reflecting and absorbing surfaces. The interrupted reflected
light is picked up by the photocell; the electrical impulses
generated thereby are transmitted to the frequency meter. The,
-hp- Electronic Tachometer is capable of measuring very high
speeds of moving parts which have small energy or which
for other mechanical reasons cannot be mechanically con-
nected to any measuring device. The danger of fractional or
multiple errors, inherent in other measuring methods, is
eliminated.

SPECIFICATIONS

The Electronic Tachometer consists of a photo cell and a
light source mounted on a stand and an electronic frequency
counter which is similar to the -5p- Model 500A. Two ta-
chometer models are supplied. The -#p- Model 505A is cali-
brated in rpm and the -5p- Modet 5035B is calibrated in cps.

Speed Range: Model 505A: 300 rpm to 3,000,000 rpm
full scale reading, in ten ranges. Model 305B: 50 rps to
50,000 rps full scale reading in ten ranges.

Cirewit and Canstruetion: Similar to -,bp. Model 500A ex-
cept for calibration.

Phote Celi: Type 924 phototube. Mounted in shielded tube
same size as light source and provided with condensing lens
to focus reflected light on phototube. Three-foot cable con-
nects photocell to frequency meter.

Light Sewrce: 15 candle power, 6 volt automotive bulb,
mounted in shielded tube. Condensing lens concentrates light.
Net weight 38 pounds, shipping weight 50 pounds.
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JODEI. 210A

SQUARE

Jy

ADVANTAGES:

Simplifies amplifier testing
Wide frequency range
Variable balance ouvtput

indicates phase shift and transient
effects

Indicates frequency response

USE IT TO:

Test receivers, video amplifiers,
networks, and transmitters

Provide a time base

Control an electronic swilcher

Adjust and check cathode ray sweep
circuils

Measure time constants

Generate harmonics for frequency
multiplication

AVE GENERATOR

SQUARE WAVES FOR RAPID TESTING

HE -bp- Model 210A Square Wave Generator pro-

vides an excellent source of square waves for produc-

tion test and experimental purposes. The fundamental
trequency response is 20 ¢ps to 10,000 ¢ps and a reasonably
square wave may be obtained at frequencies as high as 100 ke,
The square wave frequency is synchronized from an external
source of 2 or more volts. The output can be attenuated 70 db
from a maximum voltage of 60 volts peak to peak. Output
voltages are balanced to ground.

Square waves are formed in the Model 210A by ampli-
fying and clipping the tops of a sine wave, and thus convert-
ing it into a wave whi ertical sides and a flat top. The
square wave voltage is applied to the amplifier or network
under test; the shape of the output wave immediately shows
up any distortion present. Because a sharp wavefront contains
a large number of frequencies, this wavefront is distorted
when all of the frequencies originally present are not trans-
mitted. The frequencies contained in a uniform square wave
are shown in this equation.

F(t) =4 (sinwt  Yysin3wt 4 losinSwt .. .)

In practice, a wave which appears to be perfectly square
will contain 30 or more harmonics, and when the amplitude
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 amplitude or phase
transmission not only at the square wave frequency but also
at frequencies far removed from the test point.

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 the fre-
quency of the square wave applied. Likewise the sides of the
wave will be distorted if the response of the amplifier does
not extend to at least 10 times the frequency of the square
wave applied. Thus one observation with a square wave ap-
plied to an amplifier will check a wide frequency range, a
range of 100 to 1, or even more, This is an extremely impor-
tant fact because once the proper criteria have been 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
employed to study phase shift effects in an amplifier. An am-
plifier will not reproduce a square wave faithfully unless both
the amplitude and phase shift characteristics are correct. Thus
if the amplitude response is known to be good, phase shift
effects can be determined with 2 square wave observation.

Peaks or deficiencies in amplification of an amplifier can
readily be detected with a square wave generator. Tendency

. Square wave distortion from poor bigh frequency response.

to oscillate will appear as damped oscillations on top of the
amplified square wave and these oscillations can be measured
both in frequency and amplitude with a given observation.
A squate 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 behavior of complicated net-
works can be studied by the application of a square wave to
the network, making observations of the voltage or current
with an oscilloscope.

Once proper criteria have been established it is possible
with one or two observations with the -5p- Model 210A
Square Wave Generator to check frequency response, phase
shift characteristics, tendency to oscillate, time constants, etc.
Thus the use of this instrument will save time and streamline
production and laboratory testing.

SPECIFICATIONS

Frequency Range: The output of the generator is square
within 19 over the frequency range from 20 cycles to 10,000
cycles. The time for the voltage to rise to 90% of maximum is
approximately 1 microsecond ; thus a reasonably square wave
can be obtained even at 100 kilocycles.

Output Voitage: The output voltage is 60 volts peak to
peak open circuit. The output impedance is 1000 ohms bal-
anced to ground.

Output Attenuator: A 70 db attenuator is provided in the
output with 5 db steps. The frequency response of the attenu-
ator is sufficiently wide so that the output wave shape is not
affected at the highest frequencies.

Driving Yoltage: The generator is driven from any conven-
ient external source of alternating voltage or it may be in-
ternally driven with the power line frequency. A driving volt-
age of two volts is required and the input impedance is 25,000
ohms.

Mounting: The Model 210A is mounted in an attractive
steel cabinet 15 long, 7* high, and 9 deep, finished in
wrinkle gray. The Model 210AR is mounted in a relay rack
assembly with a 19 by 7” panel and is 8" deep. The dust
cover is removable from the rear.

Power Supply: The generator is provided with a built-in
power supply to operate from 115 volts 50/60 cycles. It re-
quires approximately 50 watts.

Weight: Net weight, 30 pounds. Shipping weight, 39
pounds.

Data subject 1o change without notice.

NV,

2. Square wave distortion from poor response af both high and low
frequencies (A typical amplifier response).

el

3. Square wave test on a feedback amplifier showing amplifier peak
at 9 times square wave frequency (This chiracteristic’ would not be
detected by normal measuremenis).
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MODEL 100B

SECONDARY FREQUENCY STANDARD
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ADYANTAGES:
Supplies standard frequencies, 100 cps,
1 ke, 10 ke, and 100 ke
Frequencies available simultaneously
Stable operation
Sinusoidal wave shape
Separate terminals for each frequency

Low output impedance

USE IT FOR:

Calibrating audio oscillators
Calibrating supersonic oscillators
A time standard

Checking oscillator stability

: -
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GENERATES FOUR STANDARD FREQUENCIES

HE Model 100B Secondary Frequency Standard pro-

vides an extremely useful and convenient source of

standard frequencies of 100 cps, 1 ke, 10 ke, and 100
kc. It is an accurate laboratory standard for calibration and
comparison purposes.

The circuit of the Model 100B consists of a 100 ke ctystal
controlled oscillator and three frequency divider circuits
which divide in a ratio of 10 to 1. The fundamental divider
circuit consists of a modulator divider tube with a resonant
circuit tuned to £/10 and a modulator multiplier tube with a
resonant circuit of 9f/10.

The operation of the circuit can be explained by assuming
a small voltage in the resonant circuit of the modulator di-
vider tube. This voltage is applied to the grid of the modu-
lator multiplier tube, and the input control voltage is also
applied to this tube. The two voltages mix to supply an output
frequency of 9f /10, which is fed to the grid of the modulator
tube where it is mixed with the input control frequency (f),
and results in a frequency of £/10 in the modulator divider

[
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tuned circuit. The action is repeated and the voltage is built up
until a stabilized condition is reached. Thus the output of the
divider unit is controlled by the input frequency.

By cascading the 10 generated by the temperature-
controlled osci
viders, accurate fixed frequencies of 10 ke, T ke, and 100 ¢ps
are also made available. See figure 1.

USES

These frequencies are available through a selector switch
(on front of panel) or individually from binding posts (rear
of chassis) . All four fixed frequencies can be utilized at sepa-
rate test stations simultanecusly, an economical feature.

The Model 100B provides four standard frequencies for
accurate measurement purposes such as for calibrating oscil-
lators, frequency meters and supplying test signals of high
accuracy. The output wave shape is sinusoidal which will
allow easy recognition of high fractional lissajous patterns
such as 53/5 or 52/5. Thus exact measurements can be made
of frequencies 19 or 20 apart in the audio spectrum, and
up te 100 ke, With a distorting amplifier and a conventional
mixer system harmonics may be obtained for frequency cali-
bration to 20 megacycles or higher, even though the wave-
form of the standard is sinusoidal.

The output system is designed to isolate each frequency.
The internal impedance of the output system is sufficiently
low to permit the use of long lengths of low capacity shiclded
cable to distribute the standard frequencies in the laboratory
or the test department.
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Figure 1

SPECIFICATIONS

Two models are available. The 100B which has a tempera-
ture controlled oscillating quartz crystal, and the Model 100A
which is similar to the 100B but does not have temperature
control,

Accuracy: The Model 100A is provided with a 100 k¢
crystal having a temperature coefficient of 3 ¢ps per megacycle
per degree centigrade. The crystal oscillator is arranged so that
the frequency can be adjusted over a range of approximately
=+Bcps at 100 ke.

This feature allows the frequency to be set to a primary
standard such as National Bureau of Standards Station WWV.
The frequencies are correct within =+-.01% over a room tem-
perature variation of =33 degrees Centigrade. The Model
100B is provided with a temperature controlled crystal which
maintains the frequency within 2.001% from minus 10 de-
grees Centigrade to plus 50 degrees Centigrade. It is also pos-
sible to adjust the frequency of the Model 100B approxi-
mately =8 cps at 100 ke.

Output: An output voltage of at least 5 volts is provided
on all frequencies. The internal impedance of the output sys-
tem is approximately 200 ohms and satisfactory wave shape
can be obtained with a load impedance as low as 1000 ohms.

Wave Shape: The output wave shape is sinusoidal to a de-
gree that will allow easy recognition of high fractional Lis-
sajous patterns such as 53/4 or 52/5. Thus, exact measure-
ments can be made at frequencies 155 or 2% apart in the
audio spectrum, and up to 100 kc. With a suitable distorting
amplifier and mixing system harmonics may be obtained for
frequency calibration to 20 megacycles or higher.

Power Supply: The Standard operates from 115 voits
50/60 cycle power supply, and the power supply is regulated
to minimize line voltage fluctuation effect. Power drawn is
approximately 105 watts,

Mounting: The Model 100 is available in either cabinet or
relay tack mounting. The panel size is 19 x 1014”, and the
depth is 127,

Net weight, 53 pounds; shipping weight, 95 pounds.

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

Data subject to change withont nolice.

SUPPLEMENTARY FREQUENCY DIVIDER

The Model 110 Frequency Divider Panel is for use in con-
junction with Models 100A or 100B to supply frequencies
not ordinarily generated by these instruments. The Modei
110 can be supplied to generate frequencies between 10 and
100 cycles per second, or between 100 and 1 million cycles
per second. The Mode! 110 Frequency Divider Panel is sup-
plied only on special order to meet particular requirements.
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MODEL 350

ATTENUATORS AND VOLTAGE DIVIDERS

5 WATT 500~ ATTENUATCR SET

®

MODEL 350A

ADVANTAGES:

Accurate

Lorge Power Handling Capacity
Wide Frequency Response
Smooth Operation

Convenient Controls

USE IT TO:

Apttenuate the output of supersonic
and audio oscillators

Measure gain and frequency
response of amplifiers

Measure transmission loss

Increase uvsefulness of
other laboratory instruments

A SMALL INSTRUMENT WITH MANY USES

OR measurement work where accuracy, wide frequency

response, large power handling capacity, or other special

features are desired, -bp- attenuators and voltage dividers
are extremely valuable. Typical of these highly specialized in-
struments is the -4p- Model 350 Attenuator Set.

The schematic diagram above shows the basic bridged-T
circuit, two of which make up the -Ag- 350 Attenuator Set.
One is a 100 db attenuator, calibrated in 10 db steps, and one
is a 10 db attenuator, calibrated in 1 db steps.

A special design assures a response that is substantially flat
to frequencies as high as 100 kc. See figure 1. Calibration is ac-
curate because the individual resistors are adjusted to +15%.

The -4p- Model 350 can be used wherever a decade attenu-
ator is required.

In conjunction with an -5p- oscillator and one voltmeter,
this -bp- Model 350 Attenuator may be used to make exact
measurements of power gain. See figure 2.

The 350 may also be used to augment an -4 p- audio oscil-
lator and a vacuum tube voltmeter (-4p- 400A} to form a
signal generator. Se¢ figure 3.



The 350 is built with a large power handling capacity—
5 watts continuous duty. It is particularly adapted to work in
the supersonic field, and for other work in measurements
above the range of the conventional a-f attenuator. It may also
be used for work down to zero frequency.

The 350, like all -4p- instruments, is held to 4 minimum
size for convenience in use. Actual dimensions are 5 x 8%
x 414", Input and output binding posts are available on the
front panel. The unit is completely shielded from moderate
fields.

] 10KC 30 100 200

80 DB

1 |

10.20.30.CR 40 DB

Figure I

SPECIAL PROBLEMS

Attenwuators, voltage dividers, matching networks, and
precision resistors accurate for frequencies as high as one
megacycle can be supplied. Inquiries pertaining to your partic-
ular measurement problem will be given prompt and careful
attention.

=hp= AMFELIFIER —hp -

200 T :@ { 200
SERIES SERIES
Figure 2 Figure 3

SPECIFICATIONS

Two models are available. The -4p- 350A matches a 300
ohm impedance and the -4p- 350B matches a 600 ochm imped-
ance (one side grounded),

Attenvation: The attenuation is 110 db in 1 db steps.
Accuracy: Each individual resistor is adjusted to +145%.

Frequancy Response: Accumulative error at 100 kc approx-
imately 1 db in 50 db.

Power Capacity: The attenuator will handle 5 watts con-
tinuous duty.

Mounting: The attenuator is mounted in a small wooden
cabinet 5 x 8" x 414",
Net Weight: 4 pounds. Shipping Weight: 8 pounds.
Data subject to change without notice.

SPECIAL -hp- HARDWARE

Precision multi-tap switches and other hardware for use in
equipment for measuring work are also available. Two typical
examples of this special-purpose hardware are shown below.

v
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FLEXIBLE COUPLER

The -bp- flexible coupler permits the accurate, positive
transmission of motion from one shaft to another when the
two shafts are not accurately aligned. Misalignments of as
much as 14,” andfor 5° are permissible. At the.same time,
the two shafts are insulated from each other, each shaft being
connected to a different point on the ceramic body of the
coupler. The coupler is spring-loaded to prevent backlash.

St - 24 THD 10-32 THO

—p——B—

BINDING POSTS

The -5p- No. 10 binding posts shown, were designed to
provide a positive connection that could be changed fre-
quently. The recess for the “Banana’ plug is in the main body
of the post, a feature which eliminates excessive contact re-
sistance. 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 undercut so that 1 soldered connection
will not damage the thread. The long, axially-knurled ferrule
provides a wide surface for ease of handling and adds to the
appearance.
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/) MODEL 410A

HIGH FREQUENCY
VACUUM TUBE
VOLTMETER

ADYANTAGES:

Range: 20 cps to 700 me
Input Capacity 1.3 mmfd
High Input Impedance

Few Controls

High Stability

Rugged Meter Movement
Excellent Overload Protection
Small, Lightweight, Portable

Built-in compartment for Probe and
Test Leads

USE IT TO MEASURE:

Audio Frequency, Supersonic R.F,,
and YHF Voltages

Antenna Voltage, Current, and Power
Transmission Line Characteristics
Standing Waves

Audio, Yideo, and YHF Amplifiers

DC Voltage in High Impedance Circuits
Resistance

Insulation
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ALL-PURPOSE TEST INSTRUMENT
MEASURES TO 700 MC

ECAUSE of the tremendous number of tasks it will
perform, the 4:10A High Frequency Vacuum Tube
Voltmeter can play a uniquely valuable role in any

laboratory, broadcast station, or p'roduction test department.
It combines in one instrument an AC voltmeter covering the
frequency range from audio to radar frequencies, a DC volt-
meter with 100 megohms input impedance, and an chm-
meter capable of measuring resistance from 0.2 ohms to 500
megohms. In addition, it is easy to use, compact, portable, and
light in weight.

A special probe, employing a new, radically different diode
especially designed by Eimac for Hewlett-Packard, is used
for making AC measurements. The resonant frequency of the
diode is approximately 2000 Mc, and the shunt capacity is
extremely low. Mounted in the probe, it places a capacity of
only 1.3 mmfd across the circuit under test. Total input im-
pedance for AC measurements is 6 megohms shunted by this
capacity.
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The 410A employs a high impedance DC voltmeter having
a special circuit developed by -4p- engineers. Its outstanding
feature is low drift and maintenance of calibration over long
periods of time. Only one zero adjustment is ngcessary for all
voltage ranges, and once set it rarely needs readjustment. This
circuit permits the use of 2 1 ma meter movement which to-
gether with certain features of the circuit itself makes it im-

possible to damage the meter by overloads. Input impedance
for DC measurements is 100 megohms for all ranges.

Frequency response of the instrument is flat within 1 deci-
bel from 20 cps to 700 Mc, and due to the very high resonance
frequency of the special diode, voltage indication can be ab-
tained at a frequency of 3000 Mc. Overall accuracy of the
instrument on sinusoidal voltages ts --37¢. and is the same
for DC measurements.

USES
The versatility of the 410A is so great that the number of
uses to which it may be put is almost endless. As an chmmeter
it will accurately measure resistance over a much wider range
than is ever ordinarily encountered. As a DC voltmeter, its
extremely high input impedance permits its use on 2lmost any

equipment without any appreciable foading of the circuit
under test.

As an AC voltmeter, its combination of high input imped-
ance with great frequency range sets altogether new stand-
ards of performance. The probe can be inserted in almost any
audio, supersonic, radio, or VHF amplifier without detectable
loading of the circurt. It can be used to measure antenna and
transmission-line voltage, current, and power with as much
case and convenience as if the circuits carried DC. Special
adaptors can be supplied for use with the probe to connect to
standard transmission lines.

Finally, the fact that all these functions are combined in
one instrument means that where previously a whole battery
of equipment might be required to test a given piece of appa-
ratus, the 410A, in one small, convenient, and highly portable
instrument, does the whole job. Leads are provided for all
functions so that to change from one to another it is neces-
sary only to throw a switch.

SPECIFICATIONS
Ranges: 1 to 300 volts in 6 ranges full scale: I, 3, 10, 30,
100, and 300 volts AC or DC and 0-1000 volt range DC.
Resistance 0.2 ohm to 500 megobms in seven ranges. Mid
scale reading of 10, 100, 1000, 10,000, 100,000 ohms, 1 meg-
ohm, and 10 megohms.

Accuracy: = 3% of full scale on all ranges on sinusoidal
AC voltages and on dc voltages. The ac portion of the instru-
ment is essentially a peak-reading device and is calibrated in
rms volts.

Frequency Response: Frequency response is flat within 41
db up to 700 mc and drops off less than 1 db at 20 cps. The
tesonant frequency of the probe input circuit is about 2000
m¢, and an indication can be obtained up to 3000 mc.

Input Impedance: Input capacity is 1.3 mmfd; input resist-
ance is 6 megohms at low frequencies. At high frequencies
resistance drops off due to dielectric losses. DC input resist-
ance is 100 megohms for all ranges.

Probe: The probe is approximately 1" diameter and 434"
long. It is equipped with a ground clip, and the connector
may be soldered to the point under test. For operation at
lower frequencies the probe <an be mounted in the storage
compartment and connections made to binding posts on the
panel. Adapting connectors are available to measure voltages
in coaxial transmission lines.

Power Supply: 115 volts, 50,/60 cycles, 40 watts. Two 11/
volt flashlight cells provide ohmmeter circuit voltage.

Mounting: Gray panel in a wrinkle gray finished metal case
and provided with a carrying handle. May be operated verti-
cally or lying flat on test bench. A compartment is provided
to store the probe and leads. Size 124 ,,” x 7%, ;" x 614”. Net
weight 16 pounds, shipping weight 23 pounds.
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MODEL 710A

POWER SUPPLY UNIT

REGULATED POWER SUPPLY

HE -bp- Model 710A Power Supply is an excellent

source of DC power for every laboratory and produc-

tion department use. It has been designed to give the
ultimate in flexibility, compactness, portability, and economy.
Cutput is continuocusly variable between 180 and 360 volts,
and is practically independent of either line voltage or ap-
plied load for any setting. The noise and hum level is very
low for any condition of operation. The output is stable over
long periods of time. Its small size requires a minimum of
bench space when in use, and little storage space when idie.
Since many set-ups which call for a source of well-regulated
DC also require an AC source for supplying filaments, a
center-tapped, 6.3 volt source which will supply 5 amps AC
has been included in addition. The low cost makes it practical
and economical to employ many of them.

USES

Because of its stability and low noise level, the -£p- Model
710A Power Supply can be used in place of batteries in many
applications. In such service its long life, dependability, and
portability result in real savings, both in time and money. It
may be used to power low-level amplifiers, constant-frequency
oscillators, and any equipment requiring a voltage source of
high stability. One of its outstanding uses is in supplying
power for temporary set-ups, “"breadboard” layouts, and the
like, where its exceptional flexibility makes it applicable in
countless ways.
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ADVANTAGES:

Compact

Light weight
Excellent regulation
Low noise

Yariable output
Low cost

Flexible

USE IT FOR:

Test set-ups
“Breadboard"' layouts
Low-level amplifiers
Stable osciliators

SPECIFICATIONS
Yoltage Range: Qutput continuously variable from 180 to
360 volts. Eithet positive or negative output terminal may be
grounded. 6.3 volts AC, center-tapped, also provided.

Regulation: Output constant to approximately 1% for
loads of from 0 to 75 ma and line voltage variations of plus
or minus 10%, for any setting. A maximum of 100 milli-
amperes can be drawn.

Noise and Hum: Total nuise and hum is less than 0.005
volts for any condition of operation,

Input Power: 115 volts 50/60 cycles. 90 watts full load.

Mounting: Wrinkle gray finish, Panel size—714" x 8”.
Cabinet depth—1134".
Weight: 18 fbs. Shipping weight—25 Ibs.
Data subjfect to change without nolice.



W A R R A N T Y

Hewlett-Packard Company warrants each instrument manu-
factured by them, to be free from defects in material and
workmanship. Their obligation under chis Warrancty being
limited to servicing or adjusting zny instrument returned
to their factory for that purpose, and to making good at
their factory any part or parts thereof, which shall, within
one year after making delivery to the original putchaser, be
returned to them with transportation charges prepaid, and
which on their examination shall disclose to their satisfac-
tion to have been thus defective,

Hewlett-Packard reserves the right 10 make changes in de-
sign at any time without incurring any obligation to install
same on units previously purchased,

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

HEWLETT-PACKARD COMPANY

395 Page Mill Road « Palo Alto, California

COPYRIGHT 1945 HEWLETT-PACKARD CO.—LITHD. IN LS. A.——1048-7-46-15M
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