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FOUR EASY WAYS TO USE THIS CATALOG

1. Check headings on opposite page for general type of instrument. Use convenient edge macks to find
proper pages,

2. Turn to pages 1b through 5 for five pages of "Short Form Catalog™ listing bp instruments by type or
function (example—"Signal Generators 50 KC to 40 GC”).

3. Find equipment by its model number in the numesical index, beginning oa page 262 at back of this
catalog (example—"'400D Voltmeter").

4. Find equipment by its oame or title, alphabetical index back of this catalog, pages 2538-261 (example
—"Digital Voltmeter"),

Other Important Information

This catalog includes detailed information on all instruments available from Hewlett-Packard and
Harrison Laboratories. Information is also provided on complete lines or selected instruments and
systems manufactured by Hewlett-Packard divisions and affiliates. Ask your bp representative for in-
ormation on new instruments introduced after catalog publication date.

PLACING YOUR ORDER OR RETURNING INSTRUMENTS,

Page 1a contains time-saving suggestions for ordering. Pages 20 and 21 have information on service
and repairs,

& DIVISIONS, AFFILIATES.

Pafe's contains a summary of equipment available from Hewlett.-Packard divisions and affliates,

indexed on the opFosite page. Pages 9 through 17 offer brief descriptions of specific instruments

and systems manufactured by each member of the bp family. A special section on Fower supplies,
rom Harrison

pages 243 through 257, gives complete technijcal data on instruments available
Laboratories.

OTHER INFORMATION ON @ INSTRUMENTS.

In addition to data in this catalog, information about application and operation of hp equipment
is found ia bp Data Sheets, Application Notes and the Hewlett-Packard Journal, monthly techaical
periodical from the Research and Development laboratories. These publications are offered without
charge; see page 22 for details.

COMMUNICATING WITH COMMUNICATING WITH & COMMUNICATING WITH
HEWLETT-PACKARD. ENGINEER-SALESMAN. REWLETT-PACKARD S. A,
Maif: 150t Page Mill Roed, Hewjett-Packard engineec-salesmen Mail: 34 Route des Acaciag,
Palo Alto, California, U. S. A. are located in most mzjor manufactur- Geneva, Switzeriand.
Telephone: 326-7000, Area Code 415. ing centers in the United States and Telephone: (022) 42, 81. 50.
TWX: 415-492-9200. Canada, and priacipal cities overseas, Telex: 2. 24. 86.

Cable: HEWPACK. Names and complete addresses of Cable: HEWPACKSA.

Hewlett-Packasd representatives and
sales offices are listed inside the back
cover of this catalog.

Hewlett-Packard Catalog No. 24, {-63 All data in this catalog subfect to change without notice.
Priated in U, S, A. Prices f.0.b. factory.




Instruments in this catalog are grouped by type or function. Each
group is generally preceded by “Technical Data” pages

which summarsize the equipment offered in the groap and discuss
circuit theory and latest measuring techniques.

OSCILLOSCOPES — PULSE GENERATORS
Ogcilloscopes . . .
Low Frequency Scopcs .
High Frequency Scopes .
Sampling Scopes . .
Pulie Generators .

AUDIO-VIDEO INSTRUMENTATION
Orscillators and Audio Signal Ganerators
W ave and Distortion Analyzers
Volimeters, Obmmeters, Ammeters
Voltmeter Calibrators and Accessosies .
Amplifiers .
Attenuators . . . .

FREQUENCY AND TIME MEASURING INSTRUMENTATION
Solid State Electronic Counters
Vacuum Tube Blecironic Counters
Digital Recorders .
Frequency and Time Standdrd.f
Frequency Symthetizer

MICROWAVE INSTRUMENTATION
Microwave Teit Eqmpmem Summaries
§-Band . .
G, ]J-Bands
H., X-Bands
P-Band .
K, R.Bands
M-Band
Coaxial Instrumentation .
Noise Figure Measurement Instruments
Power Measurement Instruments
TWT Amplifiers
Wavemeters . .
Signal Generators, Modulatar,r
Sweep Oicillators .
Impedance Measurement Instruments

POWER SUPPLIES

ADDITIONAL PRODUCT LISTINGS

BOONTON RADIQ COMPANY
DYMEC DIVISION
f. L. MOSELEY CO.

SANBORN COMPANY




SUGGESTIONS FOR ORDERING

Order by Model Number

When you order, please specify the catelog model number
and name of instrument desired. For example, “Modet 400D
Vacuurm Tube Voltmeter.” To prevent misunderstanding,
inctude significant specifications and specific instructions (n
your order whenever you desire special options or special
features such as special color, nonstandard power line volt-
age, clc.

Many Hewlett-Packard instrumeats ace avaifable in cabi-
nets for bench use or with 19” panels for rack mouating.
The letter "R” after the model number indicates a tack
mounting instrument. For example, “400DR.”" Catalog list-
ings indicate availability of cabinet or rack mounting arrange-
ments. Please be sure your order indicates which you desire.
With many instruments, bench and rack mount models are
ideatical,

Where to Send Your Order

Your ocder should be made out to the Hewlett-Packard
Company and sent to Hewlett-Packard, through your local
@ representative (see inside of back cover). See additional
information below if you are located outside the United
States.

Local Technlcal Asslastance

Technical assistance in sefecting equipment and preparing
orders is available without charge from engineering repre.
sentatives at authorized @ sales offices in the United States
and in principal areas throughout the wocld (see inside
back cover for names and addresses.) In addition, a staff of
gua[iﬁed engineers is maintained at § offices in Palo Alto,

alifornia, and Geneva, Switzerland, to supplement the serv-
ices available from your loca! representatives.

Shipping Methods

Shipments to destinations within the United States and
Western Eutope ate made dicectly from local factories or
warehouses. Unless specifically requested otherwise, express
or truck transportation is used, whichever is cheaper and
most serviceable to you. Small items are sent via parcel post.
If rapid delivery is needed, we will gladly ship by the more
expensive methods of air freight, ait express or air parcel
post when specified on your order.

Terms

U, S. terms are 30 days net. Unless credit has already been
established, shipments will be made C.0.D., or on receipt
of cash in advance. See additional information below if you
are located outside the United States.

Quotations and Pro Forma Involces

Upon request, quotations, ot pro forma invoices, wiff be
furnished to you by your local authorized dp sales office, the
Hewlerr-Packard Company or Hewlett-Packard S. A, Prices
will be specified on an F.O.B. factory basis unless otherwise
requested.

Repairs

An extensive service facility is maiotained in Palo Alto,
California, to repair and recalibrate any Hewlett-Packard
instrument. In most cases repairs can also be made in the
field, either by your own service technicians or by factory-
trained personnel at one of the field repair facilities main-
tained by your local Hewlett-Packard representative or dis-
tributor (see inside of back cover for locations and addres-
ses),

Field servicing of instruments is normally faster since
transportation time to the factory is eliminated. If, however,
you wish to return an instrument to the factory for repairs,
recalibration, or for any other reason, please contact Custo-
mee Service, Hewlett-Packard Company, 395 Page Mill
Road, Palo Alto, California, phone: 326-3950, before ship-
ment for instructions. Please give model nwnber, name,
serial aumber, and as much other information as possible
concerning the reason for return. Non-warranty repairs are
made at the cost of labor and materials, plus 2 small service
charge. See page 20 for information on wartanty repairs.

Repalr Parts

Repair parts are ordered in the same way as instrumeats.
Please identify pacts by the @ stock number shown in the
instruction manual, and if possible, by the schematic diagram
circuit reference number. Model number and serial number
of the instrument, and original puschase date should also
be given, if known. See page 20 for additional information.

Additional information For Customers Outside the United States

Where to Send Your Order

In many countries, your order can be placed directly on
your local @ distributor or tepresentative [1es jnside back
cover). Altecnatively, your order can be made out to Hew-
lett-Packard Company, (Hewlett-Packard S, A. if you are in
Western Europe) and sent to the appropriate Hewlett-
Packard office, either directly or through your local @ au-
thorized safes offices.

If no @ sepresentative or distributor has, as yet, been
appointed for your atea, your order should be placed di-
rectly on the Hewlett-Packard Co., 1501 Page Mill Road,
Palo Alto, Califocnia, U. S, A.

Shipping Methods

Shipments to customers outside the United States or West-
ern Europe are made from the appropriate @ facility by
either surface or air, as requested. Sea shipments generally

la

require special export packaging at 2 nominal surcharge of
$5.00 per instrament.

Terms

Terms for orders from countries outside the United States
which are placed on the Hewlett-Packard Company, or Hew-
lett-Packacd S. A. are isrevocable letter of credit or cash in
advance unless other terms have been arranged previously.
Tecems for orders placed on authorized Hewlett-Packacd dis-
teibutors ace mutually determined between the customer and
the distributor.

Quotations and Pro Forma Invoices

FAS, CIF, C& F, elc,, cluotations or pro forma invoices,
as well as exportation assistance, are zvailable on request
from your local authorized @ sales office, the Hewlett-Pack-
ard Co., Palo Alto, California, or Hewlett-Packard S. A,
Geneva, Switzerland.
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REFERENCE INDEX

Oscilloscopes —=DC to 1000 MC

(See Also Indexes By Model Number and Instrument Name — Pages 258-284)

Model Tnstrument Features Page
1208 450 k¢ general purposa escilloscope simple oparation, dc to 450 ke P
12A 200 ke Jdual traca osellloscope fwin vactical amplifiers, dual trace viewing 9
- e 3l -
130C high senltivity 500 ke oscifloscope 100 wv/em sonsitivity, identical horizontal and 10, 31
MOA gensral purposa otcilloscope plug-in vartafility, Incloding dual trace 32, 13
1400 plug-ln serles for 140A scops amplifiers, Hme bass, dual trace 32, 33|
1608 militarized 15 mc oscilloscops plug-in varsatility, including dual trace 3§37
162, 166 plug-la sarfes for 1608, 170A scopes vartical ampliflers, Hime Bat: e o1 40 3, 3
170A milidarized 30 mc oscilloscops plug.in versatility, including dua) trace 38, 37
176A unlvarsal 50 me oscilfoscope plug-in verability, lacluding dual, 4-trace 38-43
R R vartical amplifiers, tima base, time mark and N
1750, 1760 plog-in saries for IT5A scope sweap delay quoerators, display scanner H-4
1858 1000 me oaclllascope sampling scope, B CRT, plug-in versahillty 46-51
186A switching Hme testec plog-in for 1858 scope permits measucamants on fransistors, diodas, ebe. 48, 49
1878 doal-trace plog-in for 1858 scopae 10 my/cm to 200 mv/cm 48
)93A B oncilloscopa cameras for all Ap scopes pcints, transparencias on Polarold® flm $3
Oscillators ~0.008 CPS to 10 MC
Modwl Instrument Frequeacy Range Output Page
200A8 aydio oscillater 20 ¢cps to 40 ke | watt, 245 v 48, 69
200CO wide-cangu osclllator 5 cps bo 600 ke 140 e 'g;QL"g,ﬂ,"hm': 89, 49
2000 inferpolation oiclllator &cpsto b ke 140 myw or ?p::"i?,fﬁﬁ“m" n
209SR wide-range oscillator 5 ¢ps to 600 ke 3 v into 50 chms 1to
2007 telemetry oscillator 250 cps fo 100 ke 180 "“;f", Ic?p\r.‘ln:?':g?.ohmr: n
0I1C audio oscillator 20 epy to 20 ke 3 W or 42.5 v Into 400 ohms 48, &9
202A low frequancy tuaction generajor 0.008 cps to (200 cps 28 mw or 30 v p-p into 4000 ohms n
202C low fraquency ascillstor | ¢ps to 109 &c (80 m‘;o°: l:é‘;"}?':s?’“m" &8, &9
2048 portable oselllator § cp1 to 560 ke lo m{bﬁ:—ii'rsv jé“:fégg)"hm‘ 70
20EAG audio signal generater 20 cps to 20 ke § wahs 's"t:‘?osg 330' 808 or 74
206A audio signal genarater 20 cps to 20 ke 61;0 Iashgnt;‘;“l 6":°°s:o‘n'i?r::# 75
20A cartler pest oscillator 50 <ps to 500 ke 3 w into 400 ohms 72
41A pushbuttan ascillator _0zpsto) me 10 mw or 2.5 v into 400 ohms 71
$50A wide-range jest osclllator 10 ¢ps to 10 mc 15 mw or 3 v into 400 ohms 76
Digital Data Systems, Instruments
Model? Instrument Fectures, Uses Page
faature (ow-level measurements In presanca of common mode noise and/or
2000A-F data acquitition systems suparimposed noite; maasure voitage (0.0 v do 1000 v full scale), fregquency 14
and, with options, ac voltage, resistance; provide permanent record of data
. . . trancfars data ta parallel-entry card punches, digltal comparators, displays;
%30 binary/decimal register opecates two Instruments simultanecusly (5
oparates with sarial-entry tape punches, card punches, typewriters, Flexowrlters:
2540 couplar opiianal output codes, farmals 16
2545 coupler operates with Toletype BRPE )| Tape Ponch, records at 110 charactors/sec 5
scans Up $o 50 I-wite or 25 2-wire Inputs, upper limit selectable at front panel;
2900A Inpot scannor maxlmum scanning rate ;S channels/sec 15
scans 25 3-wira inputs, peograms systems functlons; operates with 2902, 2903, 2904
2501 input sconner Slava Scanners Jor 100-channel capacity s
offars guarded crotsbar switch for common mode nalse rejocHon; scans 600 )-wire,
2911 Inpot fcanner 100 2-wire, 200 3-wite or 100 b-wire laputs 15
4242 digltal data pleting accepts data from pectorated tape o¢ from punched card reader; manual eatry also 14
system vossible; 4-digit rasolution both axes
4575 d'q';fo'ﬂ"i‘:;z:nir:‘ap° operates from binary-coded decimal or binary tapes; avtomatic ploHing, tearch 14
1Dymaec instrumaents e .
Recorder Amplifiers, Accessories
Model lastrument Choracteristics Page
£32 line follower reads recorded curves wilhout reed for magnetlc Ink retracing, follows slopes $o 85° 17
1012 wavelorm tranilator permits ploHing of repetitive oscllloscope traces on x-y recorder, down 3 db at 200 ke 17
s0lid state; amplifles high frequency slQnals from wideband dransducers,
850-4000¢ FIFO dc ampilfier 10 ke bandwidth; provlides gain fo (000; for use with oscillographic recorders Hé
. N solid stats; useful for precision data reduction from retistonce bridge transdocers,
84042000 floating de ampliflar thermocouples: 50 ke bandwidth; maxImum qaln of logo H5
. . . \ solid stata; narrow band, low noiss smplifier for use with thezmocouples, ttraln gaqes:
84042008 diffarential dc emplMiar isolated, floating input. output; gain 1000 949 s
Proampllifiers for 150, 350, 850, 950 Sories Recorders® 10
Motion, pressure, force transducers® ; dc exciled ministure differential fransducars, Linaarsyn diferential teansformers, differentlal and sfngle-andad
Nquid, gas, pressure fransducers 11
IF. L. Moseley Co. $Sanboca Company
Distortion, Wave Form Analyzers— 20 CPS to 1.5 MC
Model Instrument Frequency Range Features Poge
Mator t limetesr: i
302A waveform analyzer 20 cps to 50 ke osctilator "“ed?"’o%:“é’!'do"c‘“”““g range, 78. 7%
310A waveform analyzer 1 Xc to 1.5 mc¢ 10 4y Yo 100 v, digltal trequancy readout 80, 8)
3308,C.D audlo distortion, AM, FM monitors 20 cps to 20 ke includes input amplifier, YIVM 82, 63

1b



Signal Generators — 50 KC to 40 GC

Meodel {nsérument Choracteristles Frequency Range Page
. tput 0, 0.2 v; FM deviatlon ra ;
202H¢ FM-AM signal gensrator SutBut D) v b0 O B o e lag o ¢ fo B0 ke 54 to 218 me 13
. . .2 v; d 4 H
20208 FM-AM signal generator output 0.1 uv to ?\Mv'r:r:‘;e :V,l; ioegy!.ange 0 to 300 ke 195 4o 270 me n
21 1A aireratt signal generstor output 0.1 uv to 0.2 v, YOR snd ILS localfrar cailbrator 28 fo 140 me 13
- . . NRH iati 2 .
2545 FM-AM fignal ganerator St Ot o ta oy, 200 010 80 e; 10 o 500 mc 13
230AF signal g:;‘;{;}l':; power output 8 to 15 v: provides tf gains of 24 to 30 db 10 to 500 mc 13
232A% qlldcg:l‘:;ru;’;qnal output | uv to 0.2 v; ILS glide slope calibrator 329.2 to 335 mc 13
5 ‘ ouvtpot —)0 dbm to — (00 dbm; OME and ATC
235A navigation ald jest set transpondar calibrator 9462 o 1213 mc 13
240A° swaep tignal gaoerator output | uv to 0.3 v; FM daviation | to 30% 45 30 120 mc 13
245C Dt signal generetor calibrator output 5, 10, 20 v (M5C), D5, 1,2 uv (450): AM range 500 ke to 1000 mc 1
N output 0.1 uv to 3 v Into BO ohmi; constant output
S04A sigael genecator impedance, varsatile modulation 50 k¢ to &5 me 2t0, 20)
s08C “hF rignal genarator output 0.1 v to (v inbo 50 ohmsi CW., pulte, amplitude 10 §o 480 me 202, 213
408D vh! signal genarator output 0.) uv 16 0.5 v, crystal calibrator 10 to 420 mc 212, 213
. output 0.1 xv to 0.5 v into 50 chms; pulse, CW
&12A uhf signe! generator square wava or amplitude modulatian 450 to 1230 mc 214, 245
tput 0.0 uv to D.157 hms; Cw
S14A uhf signal genecrator outpy K 'requenZy]nrﬁztI:Om;' polse, o BOO me to 2.1 ¢ 220, 121
ootput 0.) av o 0.223 v [no 50 ohmit; pulse, CW or
4148 uht slgnal genecator frequency modulation 1.8 o 4.7 g¢ 220, 221
. output 0.1 kv to 6.223 v into 50 obms; pulse, CW, square
&18R sh! signal genacalor wave, frequancy modulation 18 to 7.6 g¢ 222, 223
: outpot 0.) «v ko 0.223 v into 50 ohms; pulie, square wave,
820A shf signel generator Traquency modulation 7 to Il ge 222, 223
output 70 uv $ 6.233 v into 50 ohms; pulse, frequency or
6238 1ht test et 1quare wave madulation; separate power, wave mater sectlon 5925 fo 7725 me B
1 R output 2.23 uv to 0.223 v Into 50 ohm¢: pulse, frequency or
428C X-band fast et 1quare wava modulation; separate meter saction 85 to 10 gc 230
f output + (0 dbm to — 90 dbm; pulse, sQuare wava,
826A shf signal generetor T frequency modul‘aﬁun 10 to 15.5 gc 224, 225
, output + 18 dbm Yo — 90 dbm: pulise, tquare wava,
528A shf signal genarator frequency modulatian 1S to 21 gc 224, 225
driven by 428A or 528A Signal Generators, 84C or 687C 18 to 28.5 qe:
TI8A, $0A Iraquancy doublers Sweep Osclllakors 24.5 to 40 qc 224, 227
3 . output + (5 dbm ro — 85 dbm; {requancy, pulse or
5636 H-band tes) set <quire wava modulation ' 7.0 $0 8.5 g¢ 230
. autput + 10 dbm to — 127 dbm: pulse, square wavs,
8414A vhi signal generator amplitude, fraqusncy moduhtlgn 800 to 2400 mc 218, 27
8418A ubf signal gaenerator stmilar to B414A except Jar frsquency canga 1.8 to 4.5 gc 214, 217
provides sophisticated high-speed, low-filar moadolaton
8714A modulator with signa) generater 000 to 2400 mc 218
provides sophisticated high-spaed, low-{ittar modolation
8716A moduytater with signal ganarator 1.8 to 4.5 g¢ 208
3Boontan lastrumants. IDymec Insteumants.
Oscillographic, X-¥Y, Strip-Chart, Digital Recorders, Printers
Model Instrument Choracteristics Page
20 Seriag? x-y recotdars 1) x 17" graph paper, 0.5 mv to §0 v/div, dc; 0./ ta 20 v/dlv, 3¢ 18
2FR* two:-pen x-y racorder (1™ x 17" graph paper, 0.5 tmv to 50 v/dlv, dc: 10 ranqges 18
6s* “Mm:!;‘ ,:::rd:;,Vdnce 10" x 10" recording area, 0.5 mv to 50 v/div, dc: 16 ranqges 3
7% table or wall x-y recorder 32" x 32" graph paper, ) mv to 10 v/dlv, de¢; I3 ranqas &
Y
10" coll charts (120 ft, long), & chac? spaeds, cemote control,
832 two-pen ship-chart recordst 0.5 mv Yo 20'v/dlv. 15 ranges 7
135, (3¢ compact x-y recorders 814" x 11" graph paper, 0.5 mv to 50 v/dlv, 16 ranqes 16
. . | heated styles recording of ractanguiar coordinates; dec to 100 cps;
150 Series® oscillographic recorders % 2v/div do 0.1 v/dlv, 18 spsads, ) to 8 channels to
298, 2979 portable oscillographlc de to 125 cps, 0.1 v/mm without preamps, two channals; models diffac only in ¢
! recorders preamps, 350 series with the 296 and miniaturized 850 with 297
dc to 100 cps, one chennel; 299, [0 mv/dIv to 10 v/div; 309, 10 pv ems/div with
299, 0). 302 portable dizact witers amplifier tor indyctive transducars, etc.; 302, phauqamhlve demodulator 9
320, 320, 317 portable ascillographic dc to (25 ¢ps; 320, 0.5 to 20 mv/mm and v/cm: 321, 10 uv rms/mm to 9
' . recorders 100 mv/mm; 322, 10 mv/mm o 10 v/mm
. maximum performanca systems: rasponse to 150 cps, 2 uv/div $o 5 v/dlv
350 SeriasY osclllographic recordars 10 ranges; )8 spoedy, b or & ehannsis ' )]
380, 34)7 eveat recordars record on/off evanls a1 briet as [.3 m: on dry-procass charts; 30 to 120 channsly (
580, 56184 digita) racorders record counter measuremants at rates up to S per second, |1-digit paraliel entry 144, 145
S42A1 digital recordar 10)id state, flaxible Input, maximum 5 prints por tacond, Il columns (44, 147
‘ ™ digital printer for custom Installation, I columns, )) characters per column,
565A digital printer maximum 5 prinds per recand 148
650 Series? hlgh-‘requ:::oy'do;:;"oquphnc record signals 1o 3 k¢ over 8" amplituds, to § ke over 4'" amplitude, ( 1o 24 channels 1]
response to )30 cps, writing speed to 2500''/sec; uses ultra-violet-sensitive paper
67083 optical x-y recorder 2 {3aylight loading 1t
480 Serlet compact sirip-chart recorders solid state. 8 chart speeds, 0.5 mv jo 10 v/div, (0 ranqes 17
N ministurlzed praamps, 2 x 7' with 150 or 297 Serias recordars;
850 Sertes? muli-channal oscillographs to Ifchanne]x. interchangeable amplification 1o
maximum aconomy tyt?m: maximum flexibility for ute with basic 4- or 8-channel 10

950 Seriesd

multl-channel oscillographs

racordet; variable galin options

2000 Sariess

magnetic tape recorders

seven-channel FM or direct racord/reproduce recording, 4 speeds, 50 ke bandwidth

2F. L. Moseley Co.

tSanborn Company {Hewlett-Packard Co.




Reguiated DC Power Supplies

Load Line
Model instrument, Characteristics Ouwrput Requlation Regquigtianm Page
(mv) mv)
{bg-in vacuum tubé power supply, completa in one -
2000 plua compact mode 150-312 v de¢, 0-08 & 20 = 80 25
2000X similar 16 2000 excapl for ootput 100-260 v d¢, 0-0.8 & 39 == b0 255
Auvo-Sarles, Auto-Parallal, high efficiency solid state 0-72 v d¢, 05 &
5054 power supply: vaciable curtent (imid continvously variable 0.8% comblned 4
SI0A sama as S05A, excapt for output 0-35 v de, 0-10 a 0.§% comblned 254
520A same as 505A, 510A, excap} for output 0-36 v dc, 0-25 a 0.5% combinad 254
. vacoum tube power sugply with voltmeter and ammpter, 0-500 v &¢, 00,1 a
THA dual overload PIO‘NC'?O(L auxillaey 12 v ae (3 8) output cantinuously varfable 1000 or 0.5% {000 or 0.5% 255
0 {0 + 500 v de¢, 0-0.2 a 5o ~ (00
7128 ¥riple outpot vacuum tuba supply with volimeter and — 300 v de (fixed), 0.0.05 a 50 100 255
smmeter; auxlifary 8.3 v ac at 10 & sutput 0 to — 150 v dc. 0-0,005 & 50 T 100
continuously variable -~
vacuum tube supply to power kiystron tubes with euxillary — 260 to — 400 v, 0.03-0.05 a 19 1%,
TISA* 8.3 v ac, [.5 5 output, direct reading calibrated voltage 0te — 900 v, 0-10 ua 1%, [MA 57
controls continvoutly variable
vacuum fube rupply fo gowar kiysiton tubes with - 2500’:0__50:00\'"0'0‘| 4 OL‘“/“ gggz}
TI6A" modulation flexibibty, diract reading calibrated 43 v (adiL). 02 a — o 37
voltage cantrols confinuously varlable °
P . d N +
1A solid state supply with cuerent llmit switch commemnts Sanidble 30 or 0.3% A W
JA® solld state Auto-Series, Auto-Parsliel operation coc:\flonuvoi?v ?’f}igh 20 1o 249
T2ARY solid state rack mount supply, varlable current limit canot‘i‘nou;usdl? voc;fi:bla S 2.8 252
soltd state dual supply: two sides can be vind in 0-38 v de, 0405 a
800A-2 serles for doubls voﬁage outpul at same current continucutly variable $ 5 9
N 0-36 v de, 0-25 »
9008-2 solid state dual supply continuouly variable 10 5 249
801C s0)id state straln gage supply: mulfiple shislding ca?;fzu’?\uvmﬂf'L%ao;izagh 2 2 258
10)i8 state dual supply can be used to double 0:36 v d¢, 0-(.5 &
8028 output voltage at same current continuously varizble 3.4 or 001% 3.6 or 0.01% 282
10lld state supply with Auto-Series, Aujo-Paralls) 0-36 v de, 05 8 s
808 A nporahPcn‘ variable current fimit continyously variabla 3.6 or 0.01% 3.6 or 0.01% 250
solid flate supply with Auto-Series, Auto-Parallsl 0-34 v d¢, 0-10 3
BO9A aperahpam variable currant limft goatinuously variable 12 ar 0.02% 7.2 or 2.02% 250
1olid state supply, Auto-Series, Avto-Parallel 0-40 v de, 0-1.5 a
8108 oparation, variable voltage and curreant limlt contlnuously variasble 10 or 0.02% S or 0% 250, 251
8(2C 10lid siate, elghtrange supply 0-32 v dc, 0-10 a 14 or 0.05%, 10 or 0.03%, 282
solid state supply, Auto-Series, Auto-Parallal 0-34 v de, 0-26 »
8l4A operalion, variable curcent limid continuously variable 10 or, 0.03% 12 o 0.03% 250, 281
solid srate Auto-Sarias, Auto-Paraliel supply, 0-19 v de, 0-1.5 a
esse adlustable voltage and currant limits continuously varlatle 5 or 0.03% § oc 0.03% e
solid ttate Auto-Saries, Auto-Parallel supply,with 0-40 v de, 0-05 a
8458 adlustable voltage, cucrent limit continvously variable 4 or 0.0)% 4 or 001% 236. 247
860 compact solid ttake supply, 7" wide :a:f‘i‘:go:stl'yc‘voa'r‘i:bio $ or 0,02% S or 0.05% 249
soild stale Aoto-Secies, Auto-Parallel supply, 0-100 v de¢, 0-( o o
8014 varlable corrent [Imit continuously variable S or 0.02% 5 or 0.08% 250
tolid state supply, overload peotaction, convaction 0.320 v dc, 0-0,6 a
890A cooling, no moving parts continuously vaelable 20 or 0.007% 20 or 0.007% 35
8YSA differs from 830A anly In current outout 0.320 v dc, 0-15 a 20 o5 0.007% 20 or 0.007% 25
A N 0-18 v de, 0:0.4 a
$204A solid state pushbutton range sslection and 0-34 v de. 0-0.3 a 10 10 248
Auto-Pacsllol operetion continvously variable
0-32 v de, 0-1 &
5208A same as 6204A axcept tor oovtput 0-44 v de, 0-0.5 & 10 1] 248
coptinuously variable
tolid state supply, Auto-Serles, Aute-Paraliel, 0-18 v d¢, 0-3 a
$224A adjurtable voltage and current Jimit continuously variable ? or 0.03% 2 or 0.02% W 2w
b226A sohid state supply, large-scale matars, compact coen‘?iﬁ:ofsc['v %AI;?;%IQ 2 or 0.02% 2 or 0.02% 248, 247
s0/ld state Auto-Series, Auto-Parailel supply, variable 0:32 v dc, 0-2 a
5242A currant limit, two oulput ranges 0-60 v de, 0-) & 1 or 0.02% § or 0.03% 0. 2l
similar to 4242A, excopt for outpout, requlatlon; 6-36 v dc, 0-3 a
6244 A raplacesble subassembiies confinuously verlable 5 or 0.02% 2 or 0.01% 260, 281
solid state supply, rtemote orogramming: Auto-Serias, 0.18 v dc, 0-0.3 a
4343 Aufa-Paral!al oparation, ramota sensing continuously vatiable 3 or 0.02% 3 o 0.02% 253
0-18 v dc, 0-1 a .
6344A sama a5 6343A, except for output contlnvously vatiable 3 or 0,02% 3 or 0.029, 263
0-18 v de¢, 0-25 a 5
81454 same as 6343A, excapt for output cominoocly variable 3 or 0.02% 3 or 0.02% 23
6348A 1ame a1 £34JA, except for output c:;f?nzoﬂfl-y%%r'fa Ele 3 or 0.02% 3 or 0.02% 253
0-34 v dec, 8-0.5 2
634TA tame 2t 83d3A, axcept for sutput conbinuously variabla " 3 or 0,02% 3 or 0.02% 283
0-36 v d¢, 0-15 &
b6348A same as 63d3A, except for output continuously varisble 3 or 0.02% 1 or 0.02% 253
solid state supply, high-efficlency, Auto-Sacias, 0-33 v de, 0-75 2 i
A Auta-Pacallel oporation, variable cursent limlt cantinuously variable 0.05% <ombined 254
£9(0A dusl crowbar protector provides two overload 254
protection circuis In one package
9 meter collbeator calibrates de and oc¢ voltmetars
69204 to 1000 volts, dc and ac ammaters to0 5 amps e
"HewlethPackaed Co., otharx are Harrison Labocatories
Swept Frequency Oscillators
Modet Instrument Characteristics Frequency Hange Page
682C sweep oscillator ( to 2 gc¢ ue, 229
&83C swesp oscillajar 2 to 4 gc 26, 229
434C sweap oscillator alectronlcally swap?; varlable sweep width and rate; pulie, 4 40 8.1 g¢ 228, 2%
H0I1-684C sweep asclllater square wave, frequaacy and amplitude moduletion 7 to M ge 228, 229
§85C swaop vicillater 8.2 to 12.4 g¢ 228, 129
687C sweep osclllalor 12.4 to (8 g¢ 228, 229




Microwave Test {nstruments*

Modal ingdcument Charocteristies, Uses Frequency Raage Page
3408} noise figure matar tast, simple noise figura measurement, alignmant 30 and §6 mc 104, 185
342A nolse flgure meter accurate varsatile noise fiqure measurament 30, 0, 70, 105 and 200 mc led, 188

= . for use with noise figure meters, setoctable Impedanca for
M3A-3494 noite sources F and of amplifier meassucament 10 me fo 18 gc 185
continuous noise figure messuramant on opetating radars,
MaAd noise figqure meter temote modulator, solid state i 30 me le1
4(58,0 standing wave indicators swr or null Indieatar, D to J0 db aHenuation, sensitivily 0.1 uv [ frequency 1000 cps = 29, 6% 190, 19¢
confinuous swept frequancy presantation for reflection
Ales ratio mater coelficiont measuremant 1000 cps & 40 cp3 192
4A vht detector for use with Ap 803A approx. 5 uv seasltlvity 10 to S00 me 234
N bolometar mounts
430C microwave power mater maeasures rf power 0.1 to 10 mw from (0 me to 40 g 194
bolemater mounts
43)8 power mater stabifizad f power measurements, 0.0] to 10 mw Jrom 10 me fo 4D gc 198, 199
43A calorimetric powet meter measuras pawer, {0 mw $o 10 wats de to 124 g¢ 200, 201
489A495A travaling-wave tube amplifiers 30 db gain, | watt maximam output | t0 124 g¢ collactivaly 202, 203
. i b d + 2 o 200 i
S80IA vhi bridge for measuring vi —"9109‘.0;”-:& s:"pha:: a?wgolfhm‘ magnitode 55 1o 500 me 234
[3 t . 0 . y .
For a "Quick Reference Index” to coaxial and waveguide equipment, see tables on pages 168-181.
{Not available in Europe
Voltmeters and Ammeters -DC to 1 GC
Input Impedance
Model lnstrumand Freauency Range full Scale Rorge {voltmaters only) Page
Pyl servg volimeter de 3 mv fo 100 v —_— 24
converts ac vollage,
de voltages to dc voltages
&0D? logarlthmic convarter 20 to 20,000 ¢ps proportional to the log of the 17
positiva pask amplitude of
inpul vottages
pateh panel, aftenvator and - 135, 600, 300 ohms and
383IA Impedance matching network 50 £ps o 560 ke + 10 dbm maximum fevel bridging (10K). center tappad 93
4300 wide range ac voltmeter 10 ¢cps to 4 me ) mv to 300 v, 12 ranges 10 megohms, 25 max. pf shunt 86, 89
400k high accuracy wide range ac vollmeter 10 ¢cps 1o 4 mc I mv to 300 v, 12 ranges 10 megohms, 25 max, pf shunt 88, 89
400L logacithmic scale, wide cange ac voltmater (0 cps 40 4 me | mv to 300 v, 12 rangaes (0 megohms, 25 max. pf thuat £8, 8¢
:gg: battery operated, portabla ac voltmeters é :g: :g % :-:2 I mv to 300 v, 12 ranges 2 magohmsg, 40 max, pf shunt 92
.99 .
«58R,CR de digltal voltmeter de T e I megohms 1ol
) to 1000 v dc
de, 122 megobms
410B ac¢, de voltmeter, ohmmetar de; ac, 20 eps to 700 me ] to 300 v ac g 9 94
10 chons fo 10 megohms ac, 10 megohms, 1.5 pf shunt
.'55 "“'.'° ||55§0 v ‘:f de, 10 1o 100 megohms,
410C ac, de voltmatar; de ammater; ohmmeter dey ae, 20 ¢ps to 700 mc b ‘s“ & 300':" < depending on range; ac. 10 95
» Y 3¢ megohms, 1.5 pf shunt
V0 ohmt to 10 magohms
1A  millivoltmeter S00 ke 40 | g¢ 10 mv to 10 v see spocifications 94, 97
I mv to 1000 v, 13 ranges {0 Yo 200 magohmi,
412A de volimater, dmmeter, ohmmeter de 1 uato) o depending or? angs 98
400A de null voltmater de ) mv to 1000 v, 13 rangas Jg;:né?gqm;f‘::‘::; (23
425A sensitive de voltmeter, ammater de 1 f“; ;‘;J :o' ;l‘;‘:“g“ I megohm + 3% 100
4A28A dec smmaeters, 3mato |l amp
4288 clip-aa de "ma o 10 amps —_ 106, 107
456A ac corrent probe convarts ma to mv for direct corrent teadings on scope, YIVM 108
BIA ac-to-de converter £0 cps Yo 500 ke oo Y Jo, 300 4 2 | megohm, 30 pf shunt 102
730AR volimater calibrator dci 400 cps tine wave 300 av to 300 v works inte 3 to 10 megohms 110
733AR fraquancy response test set (v]lz %’;S.lf J?‘mi'a') I mv fo 3 ¢ output - 116
2210, 2211A, B voltage-torfrequeacy canvatiers de | to 1000 v I megohm, 200 pf shunt 14, 15
240( A integrating digltal voltmeter de 0.1 30 1000 v 100K 1o 10 megohms 103
" ac,lo.l v }-mt to Il:%gv;ull hen. 100 of shunt
ac-ohms converter for use with scale; reslstance, ohms | megohm, pl shun
1040 2401 A integrating digital voitmeter 2¢, 50 ¢ps to (00 ke ts 10 megohms; 300%, over- taa
ranging
3400A rms volimeter (0 cps to 8 me ) mv to 300 v rms, 12 rangaes 10 megohms, 25 pf shunt 920, 91
34404 digital volimeter de 9.999 to 999.9 v. 3 rangaes 10.2 meqohms 104, 105
orjable tas sst . osclllator output 400 ohms
1550A includas hp 353A {above) oucillator, & cps '2 560 ke[ voltmeter, 0.00t to 300 v rms voltmeter 2 magohms 93
§207-1 voltaga-fo-frequency coaverter dc 0.1 v to 1080 v § rangaes | megohm 1
HIO2FA- 1 (D44A voltmeter accossorles, Including dividers, shunt reslsbors and connectors 10%
1Dymec inshruments.  “Moseley Co.
Square Wave, Pulse, and Digital Delay Generators
Madel Instroment Characteristes Frequency Rongs Poge
21A tquars wave generator output — 3.5 v p-p acrozsogsoﬁ;r:u and — 27 v p-p across ( eps 4o | mc 57
212A puiss genarator puise length .07 0 10 usec, output 50 v across 50 ohms S0 10 S000 ept 58
2138 pulse genarator 0.1 nsec risetime; 175 mv Into 50 chms 0 to 100 ke 1]
214A pulse generater {00y puisas Into SO ohmt; sisedime 10 3o 15 asace 0 to ) me 59
I nsac risetime: oulput (0 v peak into 50 ohms; continuous
21SA pulse genaratar control over pulse length. delay Oto | me 80, 41
218AR digital delay ganeratoc time intorval | 16 10,000 usec: adjustable in { usec staps 10 cps to 10 ke 82
219A.B,C plug-ins for 210AR doal trigger, pulse. duration plug-ins — 42




Frequency Measuring, Monitering Equipment

Medel Instrument Faatures, Usas Frequency Range Page
. & slne, (0 ¢cps to ) me;
100E trequency standard aging rate 5/10¢ per weak 4 puise, 10 ¢ps o 10 L= (56
1A oscillator { mec Hime bate, aging rate 5/108 par waok ! anc and 100 ke Axad [F]
103AR quarir oscillator frequency and time s7andacd, aging rete 5/10%° per day { mec and (0D ke fixed 157
[04AR quarh oiciliador frequancy and time ttandard, aging rats 5/10'° per day B mc, | mc and 100 ke fixed sy
N fraquency and time standards; aging rate < 4= 5/10¢
107AR.88 quarh oscillators e:u 24vhours: withstands anvironmental extramer 5 me., ) mc and 100 ke fired (58
R rovidas 0 to 399 msec dalay in | miec steps, vie
134bR tima comparator p!or time compacisons In Yime standard systems 160
$15BR,CR frequancy dividers and clocks | time comparisont between {raquency standards, 100 ke Input 159
3 to 100 k
5008,C electronic frequancy meter for rapld frequency measuramants, input 0.2 fo 250 v ‘pzlowlow f'pr'rfo to 150
N hototube and light tource, output | v rmg,
506A opHeal tachometer pickup B or maasaing ros and rom 60 to 300,000 rpm 151
[ asuring shatt spead, ovdput 80, 100, 120,
508A-D tachometer generators orme 358 :V:Iu %er uvonsoion 15 to 40,000 rpm 161
. . i ding, 4 or 5-pi in-line or columnar readout;
520A-E Indurtria) electronic counters direct reading m“’wrf ?rca.q:mncy. sps0d }eprto 120 ke 134
. direct reading, accutacy = ) count = 0.1%: S-place
£216 slectronic counter readobl: meanire frequency, m“‘} I cps 0 1.2 me 134
. meatures frequency, period, fime interval, S-place resolution,
5228 electranic counter B aiha rate To/million per week 10 cps to 120 ke 135
measures frequancy, period, tima interval,
513C alectronle counter aging rate 2/10%/week b-place in-line readout 10 cps to 1.2 me 136, 137
5230 electronic counter sama as 523C axcept 6-place neon rsadout 134, 137
measures frequency, period, S/10% per waek (0 cps to 10.1 mc (freq.}
524C frequency counter aging tate, digital readout 8 eps to 100 ke (period) 38, 139
824D frequency counter same ax 524C except peon readout 138, 139
SI5A-C plug-ins for b24’s extend fraquancy range of 524's redaln counter accuracy 1616 510 me 139, 140
. fout unibs: video amplifier, dime interval uait,
£24AD pieg-Ins for §24'c period multipliar. ohase bnit 139, 140
54908 transfer osclliator extends ranga of 10 mc electronic countars 16 12.4 gc 10 mc to (2.4 g¢ 142, 143
E70A N In-ling, &-place digital readout; add time of day data te hp
5718 dlaital clocks digital recorders '48_
. . mixar for use with 5408 100 mw max. input; 0.1 mv min. oulpyut
P9I2A harmonic mixer with 0 dbm cignal input extends 5408 range Yo I8 ge 143
N . i 101 . 0. in. out ith
P934A harmonic mixer mixer, 100 mw rga;b:-rr;p:i':nzls;:;u?m output wi 240 124 ge 143
conslsts of 25904 Froausncy Convarter, 5243L Counter with
2040A1 frequency measuring system 525)A Frequency Converter, 542AR Diaital Recorder de fo 124 ge 141
combinas fuactions of transter oscillaror, dransfer osclllator
2590A microwave frequency convertar synchronizer; measuces 3o (2.4 gc with 5243L Counte:, dc to 124 ac 141
5§253A Frequency Conveeter
S100A, S110A frequency synthesizer § billion digltally-selected [requencies with crystal) syabilivy 0.0leps te 50 me in 0.01 ¢ps steps 154, 158
S211A 8 solid state alsctronic counters moasure frequency, ‘;{S?&I:“fe:g'lz"i';nq“M‘Y as time base, 300 ke max. counting rate 124, 125
5212A, . measuce frequancy, period, ratio; 5-digit readout; differ onty
EE12A solld state alectronic counters in dlsplay, neon and In-line respectively 2 ¢ps to 300 ke 124, 128
measures normalized rate; ratio; normalized rafio;
5214L presat counter tima for N eventy; and counts N, 10N or (00N eveants 2 ¢ps to 300 ke; N: | to 100,000 132, 133
with output pulse at start and end of count
§231A, . . maasura fraqueacy, period, tatio; &-digit readeut; ditfer only
$637A solid state alectronic counters ln display. neon and in-line respectivaly 2 cps to 1.2 me 124, 125
. . measures frequancy, period, multiple pariod average. ratlo,
s233L solid state electronic counter fime inferval: beaigit ‘Pn_um dlroloy g de to 2 me 125, (27
5242, . ' offer 7.digit resolution, in-line readout, aging rate counting rales raspectivaly,
22441 solid rtats efectronic countars 9t rey; oars 1n 10/ month 9irg a0 20°me and de fo 50 me 128, 129
§243L \ , oHer 8-digit rasolution, in-line readout, plug-in counting rates raspachively,
2454 1olid state elactronic counters versalility, remote programmablllty de to 20 me and d¢ to 50 me 128, 129
5251 A axtend counter (req'uurlxcy to
K frequency converters, vides amplifiar, tima interval unit, E(2 mc, 3ansifivity to | mv;
g%ﬁ:' plug-ins for 5243L, 5245L redain accuracy of counter time interval measuremants 130
52624 | usee to 0% sec
S§275A time interval counter 7-digit display, 10 nsec resalutlon 10 nsec to 0.! sec 13!
. phase.locks hp H08.5408 Yranstar Osciliator 4o unkaown 141
57961 fransfer osacillator synchronfzer sigaalt eliminates dritt problems 200 me¢ to 12.4 g¢
10ymac instruments
Other Instruments and Accessories
Modot tnitrument Characteoristics Frequency Range Poge
297A iwaep drive asutomatic fraquency sweep, 2 speeds, variable shops, x-axis output 10° to &4 revoluliens 79
110 db in | db steps; C, S00-ohm level: D, &00-0hm (avel; for
3%0C.D absnuators measuremant ol attenustion, qaln de to | me 8
ASDA stabllizad amplifiar 20 and 40 db qain, retponse = 0.5 db 10 ¢ps to | me 112
450AR ER wideband amplifier (5 or 20 db gain, rise $ima 0.003 usec 20 kc to 120 me [Tk]
486 A solld state ac amplifier 20, 40 db gain, rasponse + 0.5 db 18 ¢ps bo | me 112
no loading; ) mv/ma lato high impedancs; 0.5 mv/ma
(116A ac current probe with 100-0hm formination 1700 cps to 50 mc 54
A amplifiar for ()1 0A 50 mv/ma max, sensitivity with (110A probe 36 eps-do 20 me 54
:”i: testmobilas {or mobils use of oscliloscopes, counters, other Insbruments 54
for use with 2401A Integrating Digital Yoltmetar, adds 10 mv full
280 A2 guarded data amplifier scale flve-digit range, overranamq 10 30 mv; ¢an 2Mse be uied 103
35 3 + | buffer amplifiar
1 ‘ maximom ouvtput of = 10 v peak at 10 ma; plug-in versatility, {ua-i
4604 solid stata dc amplifier choppar stabllized depends on plug-in ur
1AL K tor systams use, bench usa. patch-panel flexibliity,
2481 A plug-ins for 2460A plus.one amplification dc 16 50 ke 1
'Iggg;:\‘ 90“?/':;!?:;90“ voltage dividers, curront and low frequency probes 33
JOO04A, I : tonnect balanced systemn Yo YTYM, oscitlators or 3308; max, level
10005A fine matching trantformers 22 dbm, £ 15 dbm § 0 400 ke, 20 ¢ps to 45 ke ]
10500 A-11501 A ceble assembliss de to 124 gc¢ t

'Dymuc instrumeants

@ Regestered Tradematk of the Hewlett-Packard Company.




ABOUT HEWLETT-PACKARD

The Hewiett-Packard plant at Stanford Industrial Park is designed to combine maximum efficiency and pleasaat working

conditions. It provides approximately 400,000 square feet of floor space in four two-story buildings, plus a large under-
ground storage area. Additional 4p manufacturing and sesvice facilities are maintained at the former Palo Alto Ap
plant now principally occupied by Hewlett-Packard's Dymec Division. Other bp manufacturing facilities are in opera-
tion at Loveland, and Colorado Springs, Colorado; Béblingen, Germany. and Bedford, England.

"“The success of each Hewletl-Packard instrumeny is asiured only when mericulous care is applied
to every step in i3 desipn and production. The instrument must be of an overall quality 10

engender the user's bighest pride of ownership.”

This statement of corporate purpose and philosophy by
Hewlett-Packard's president undeclies the steady growth of
the company into one of the world’s foremost designers and
manufacturers of electtonic measuring instruments.

In its first instrument, 2 resistance-capacity audio oscillator,
Hewlett-Packard pioneered the resistance-capacity circuit
which is now 20 accepted standard for test oscillator design.
First produced in 1939, the oscillator was the forerunner of
litexally hundreds of precision measuring devices which are
known, used and respected throughout the United States and
in some 70 foreign countries.

Since its founding in Palo Alto, California, less than 25
years ago, Hewlett-Packard has built an organization of more
than 6000 employees and an annual sales volume of over
8100 million. The company and its affiliates now have a
dozen manufactucing plants, including two in Westera
Europe. Tts sales and service offices are located in nearly every

{bd s

major city in the free world.

Although Hewlett-Packard's growth has been dynamic and
far-reaching, the company has never altered its original ob-
jective—to make significant contributions to the specialized
feld of electronic instrumentation, To this end, it has con-
centrated its energies and resources on developing instruments
which provide the greatest possible usefulness, accuracy, con-
venience, dependability and dollar value.

Among the principal categocies of Hewlett-Packard in-
strumentation are oscilloscopes, audio oscillators, voltmeters,
noise and distortion analyzers, signal generators, power
meters, electronic counters and a complete array of waveguide
and coaxial instramentation for microwave work,

Since quality products are germinated by a superior en-
gineering effort, Hewlett-Packard maintaias an aggressive re-
search and development program. Over the past several years
its R&D expenditures have averaged approximately 7% of

e Ly &



its gross income. As a result of this consistently high invest-
ment, its engineering staff and laboratory facilities are con-
sidered among the finest in the electronics industry.

On the production end of its operations, the company is
manufacturing an increasing number of its own precision
componeats, including photoconductors, semiconductor
diodes and other solid state devices, These components con-
tribute an unparalleled degree of accuracy, dependability and
sophistication to Hewlett-Packard products.

The market for the company’s instruments covers a broad
spectrum of science and industry. From electronic develop-
ment laboratories to radio and TV studios, from chemical
research facilities to aircraft plaats, from paper mills to medi.
cal laboratories, from hi-fi repair shops to space vehicle in-
stallations—Hewlett-Packard equipment is found in a wide
variety of applications.

To fulfill the varying needs of its many thousands of cus-
tomers, the company employs a large staff of factory-trained
field engineers. These engineers, whose primary responsibility
is to provide technical data and assistance to customers, are
backed by a Palo Alto-based customer service group including
more than 150 technicians and specialists. Together they as-
sure Hewlett-Packard customers of prompt, efficient service
in meeting their instrumentation requirements,

As Hewlett-Packard enters its second quarter-century of
growth and progress, the company intends to continue pro-
viding instruments which represent the utmost in elegant de-
sign and fine craftsmanship—a standard of quality un-
matched in the electronic test equipment field.

Hewlett-Packard representatives will gladly demonstrate bp
equipment on your bench. You also may view the latest in precision
instrumentation at #p exhibits in leading electronic shows.

Programmed on tape. this automatic mifling machine mills,
drills, reams, taps, bores with utmost precision.

Production efficiency is increased with two Ap innovations shown
here, “roller skate™ conveyers for handling assemblies
berween stations, and rotating “lazy susans’ to speed wiring.




i DIVISIONS and AFFILIATES )

To assure that each instrument is the outgrowth of specialized engineering knowledge and manufacturing
techniques, Hewlett-Packard has established four major product-oriented divisioas — oscilloscopes, audio-
video, frequency and time, and microwave. Operations of these four divisions are in Palo Alto, California;
Loveland, Colorado: and Colorado Springs, Colorado.

In 1958 the company acquised 80 of the stock of the F. L. Moseley Co. of Pasadena, California. Since
then it has acquired several other firms whose activities and products are directly related to the parent com-
pany's field of interest. These divisions and affiliates snclude:

BooNTON RaDIO DivisioN — Founded in 1935, this fiem was acquired by Hewlett-Packard in 1959, Lo-
cated in Boonton, New Jersey, the division designs and manufactures instruments for measuring electrical
circuit quality and testing aircraft guidance systems. It has gained wide recognition for its top quality imped-
ance measuring equipment, particularly its Q metecs,

DvyMEC DivisioN — Founded a5 a separate company ia 1956, Dymec became a Hewlett-Packard division in
1959. Located in Palo Alto, the division produces instruments and systems in two broad categories of elec-
tronic instrumentation — digytal data and radio frequency. Using a unique approach to standard system
design, Dymec instruments are combined with other Hewlett-Packard devices to form relatively inexpenstve,
pre-packaged instrument assemblies.

HP AssociaTes — This affiliated organization was formed by Hewlett-Packard in 1961. Headquartered
in Palo Alto, it is engaged in a most important activity—solid state research and development. [ts prime
objective is to apply the highest level of technical competence to solid state R&D problems and to transform
the results of its screntific endeavor into new and improved devices for electronic instrumentation. Informa-
tion on available semiconductor devices can be obtained by writing directly to HP Associates, 2900 Park Boule-
vard, Palo Alto, California.

HARRISON LABORATORIES DivisIoN — Founded in1954, this firm was originally engaged in the produc-
tion of television studio equipment. It later entered the power supply field, and today specializes in the de-
sign and manufacrure of highly regulated dc power supplies. Located in Berkeley Heights, New Jersey,
Harrison Laboratories became a division of Hewlett-Packard in 1961,

F. L. MoseLEY Co. — Founded in 1951, F. L. Moseley became an affiliate of Hewlett-Packard in 1998.
The company is a leading manufacturer of precision X-Y recorders and related instruments. It is particu-
larly noted for its top-quality line of Autograf recorders and accessory devices. The company has two plants
in Pasadena, California.

PAECO DivistoN—Originally founded in 1951 as the Palo Alto Engineeting Company, Paeco became a
division of Hewlett-Packard in 1962. Located in Palo Alto, the division designs and manufactures Hewlett-
Packard ac power supplies, static inverters, voltage regulators and frequency changers,

SANBORN COMPANY — Founded in 1917, this well-established company became an affiliate of Hewlett-
Packasd in 1961. The firm is 2 leading producer of medical diagnostic apparatus and since 1949 has also
designed and manufactured 2 broad line of industrial instruments for measuring and recording such phys-
ical phenomena as stress, strain, pressure, speed, sound, vibration and temperature. Sanborn is head-
quartered in Waltham, Massachusetts.



Sanborn Instrumentation for Data
Handling, Recording and Readout

Sanborn Co. Industsial Division now supplies more precision oscillogsaphic recording
systems and related instruments than ever ﬁefore in its history. The product line covers the
entire recording and dara handling process from transducers to readout systems and includes
six complete families of amplifiers; eight series of oscillographic, X-Y, event and magnetic
tape recording systems, and numerous related instraments. The complete Industrial Division
Catalog, available on sequest, gives detailed specifications and data. Write Industeial Divi-
sion, Sanborn Company, Waltham 54, Mass.

Single-Channel Portable Direct Writers

Model 299 General Purpose DC Recorder o

Reliable, compact, low-cost portable system for dc to 100 cps coverage. Sensitivity 10 mv/

div. to 10 v/div., smooth gain control. Input balanced to ground, 5 megohms each side. Fre-
uency response dc to 100 cps within 3 db. Max. non-linearity 1%, gain stability better

thaa 1. Two chart speeds, marker stylus and cal. zero suppression. 7 x 104" x 127

wide. 21 Ibs. Price $700.

Model 301 Carrier-Type Recorder

Identical package and recorder to 299, but amplifier for inductive transducers and steain

gages. Sensitivity 10 uv rms/div., 8-position attenuator. Frequency response, gain stability,

linearity same as 299. Carrier frequency 2400 ¢ps @ 5 v rms. Transducer imped. (incl.

other bridge components.) 100 ochms min., input imped. 10,000 chms. Uncalibrated zero

suppression. Output connector for scope, etc. Price $750.

Model 302 Phase-Sensitive Demodulator Recarder

Useful for testing servo systems and compenents. Same package and recorder as 299 above

but with transistorized phase-sensitive demodulator-amplificc and power supply. DC output

to galvanometer proportional to in-phase or 180° out-of-phase ac component with respect

to reference. Sensitivity 0.5 mv, 10 atten. ratios, linearity better than 1%5. Input impedance
100,000 ohms single-ended. Price §750.

2-Channel Portables

Model 296 with Versatile 350 Preamplifiers

Model 297 with Minlaturized 850 Praamplifiers

Except for preamplifiers, Models 296 and 297 are essentially the same 2-channel direct
writing systems. Model 296 uses the highly developed, max. performance 350 type; Model
297 the miniaturized 850 type (see table on page 10). Both systems offec 0.1 v/mm sensitiv-
ity (w/out preamps), freq. response from dc to 125 cps within 3 db, max. non-linearity of
Y29, low drift and noise, two 50-mm wide channels, 4 chart speeds, paper take-up. Both
have forced air cooling, transistorized current feedback power amplifiers and enclosed,
velocity-damped galvanometers, Packaging can be in portable case, mobile cart or custo-
mer's cabinet. Less Preamps, Model 296, $1575; Model 297, $1675.

Model 320 General Purpose DC System

Completely solid state, inputs floating and guarded, Weight 55 fbs., occupies one cu. ft.
Current-feedback power amplifiers. Sensitivity 0.5 to 20 mv/mm aad v/cm. Input imped.
Y5 meg. on mv/mm ranges, 1 meg. on v/cm ranges. Max. non-lioearity 15 %. g‘req‘ resp.
dc to 125 cps within 3 db. Common mode reject. 140 db min. at dc. Opesates vertically,
horizontal or tilted. Price $1650; rack mount 320R, $1800. Model 320-300 Paper
Takeup, $125.

Model 321 Carrier System

Same size, weight and recorder features as Model 320, but provides excitation for and
accurately records outputs of resistance bridges, variable reluctance, differential transform-
ers and other ac-excited transducess. Sensitivity 10 v ems/mm to 100 mv/mnt in 7 ranges.
Frequency response dc to 125 cps within 3 db. Max. non-linearity 1/5%. Price $1495;
rack mount 321R, §1645.

Model 322 General Purpese AC or DC Systent

Identical package and recorder features as Model 320, but with moderate gain direct-
coupled amplifiers. Sensitivities 10 mv to 10 v per mm. Frequency response dc to 125 ¢ps
within 3 db. Common mode rejection 50:1. Max, aoa-linearity 15 9. Model 322 with zero
suppression, $1395; 322A without z. 5., $1295; rack mouant 322R, $1545; 322AR, §1445.

Sanborn Medical Instruments

Sanborn helped pioneer “electronic” electrocardiographs in the 1920's and now offers
aumerous clinical and research instruments. They include visual monitoting systems, car-
diac monitors, blood cell counters and a wide variety of physiologic recording systems for
teaching, research and surgery. Sanborn medical instruments are sold through branch offices
and factory-authorized secvice agencies. Write Medical Division, Sanborn Company, Wal-
tham 54, Mass., for details.

Model 299

L ﬂ.}:gp‘n,:g ® .u /

Model 297




150 Series

950 Series

Multi-Channel Oscillographs
Rectangular-Coordinate Recording by Heated Stylus

150 Serles 1- to 8-Channel Systams

This widely used Sanborn design offers time-proven reliability, a choice of 12 interchange-
able tube-tyge preamplifiecs with individual channel plug-in preamps, and choice of up-
right, portable case or 4-ft. “pulpit’” cabinet packaging. Primary features include: response
to 100 cps within 2 db; sensiivity 10 yv/div to 0.1 v/div (depending on preamp used);
non-linearity less than 19%; individual-channel current feedback driver ampligers and
power supplies; rugged, high torque galvanometers. Recorders have 9 speeds (0.25 to 100
mm/sec), horiz. chart plane, timec/marker stylus, stylus heat controls, paper take-up and
output connectos on channel for scope or meter.

350 Series Maximum Performance Systems

These systems use plug-in preamplifiecs of max. flexibility and signal handling capability,
with flush-front recorders also used in 850 and 950 systems. Preamps with power supplies
usable alone to drive scopes, meters, etc. System fearures: response to 150 cps within 3 db
at 10 div peak-to-peak amplitude; sensitivity 2 pv/div to 5 v/div depending on preamp
used; tramistorizeg, plug-in power amplifiets preceded by limiters to prevent loss of gal-
vanometer damping; low voltage, enclosed galvanometers with velocity feedback damping;
9 electrically-shifted chart speeds selected by pushbutton, 9 more optional; 4 cm channel
widths in 8-chanael systems (5 ¢m in 6-channel); max. non-linearity less than 15 %.

850 Series Miniaturized Preamp Systems

Preamplifiers only 27 x 7" (eight occupy 77 x 19" of panel space), plus the flush-front
recorder described under 350 systems, are the major components of 850 systems. Preampli-
fiers, while slightly less versatile than 350 types, offer greater economy in space and cost with
no sacrifice in reliability or overall performance. They also permit the fexibility of 12-, 14-
or 16-channel systems with 6 or 8 chanaels having interchangeable amplification, the re-
maining 6 or 8 channels with “all-alike” bigh, medium or low gain 950 amplification (see
950 description below). Series 850 preamps are 2lso used in the 2-channel Model 297 sys-
tem and Model 670B X-Y Recorder (see page 11). Max. non-linearity less than 1,9,

950 Serles Maximum Economy Systems

6- or B-channel 350 recordec with 6- or 8-channel 950 amplifier—or 16-channel recorder
(20 mm channels) with either two 950 amplifiers or one amplifier module plus eight 850
preamps. High, medium, medium-low oc low gain 950 amplifiers have all channels alike on a
single chassis. High gain has floating and guarded inputs, 100,000 ohms resistance, max.
sensitivity of 10 yv/div, high common mode performance, low noise and drift. Medium
gain also has Aoating and guarded inputs, transistorized circuitry, max. sensitivity of 0.5
mv/div. Medium.low gain has balanced to ground inputs 5 meg. each side, max. sensitivity
of 10 mv/div, optional calibrated zero suppression. Economical low gain has single-ended
inputs, 100,000 ohm res., 100 mv/div sensitivity, useful for computer and telemetry outputs.
AG-or 8-channel Carrier Amplifier provides 2.4 kc excitation and demodulation for
transducers.

DIRECT WRITING SYSTEMS SUMMARY

160 Serles 330 Secles 830 Serles 950 Serles
Numbar of Channels Avali, 1.2,4,6, 8 4,60r8 4, 6ort s ?;r 1121; 4
4-Channel $3250 §3835 $3200 Not available
Baslc Ausembly &-Channel $4870 (2 cabinets)| $5215 $4425 $3000
Pel $4705 (single
tces cablnat)
{do not include
preamps) 8-Chaonel $5780 (2 cabinets) | $4270 $6300 53300
16-Channal Not available | Not available Price on Request Price on Request

'?ﬂﬁ’é?,?:,' 5. ;;oﬂx) {Add Tota! Price of Preamps Chosan to Basic Atsy. Price)

-1000 OC 338" $265~ $250* =2000 Low Gala:

=100 Carrler $426" $425¢ $245 4&-Channel 31500

~1200 Phasa-Sens. Damoad. $380 $445 $3120 B8-Channel $1700

=1300 OC Coupling $220° $250° $225 -2900 Mad.-lew Gain:

—1400 Logarithmic $305 $450 Not available 4-Channeal $2200°

~1500 Low Leva) $435* $490* $435 4-Channal $(800

—)800 Stabllized DC $470% 3550 $375¢ 8.Channal $2500°

~2100 AC Watimeler 3495 $600 Not avallable 8-Channal  $2100

<2600 RMS Yolf/Ammeter 8440 $500 Not avallable -3400 Medium Gain:

=2400 Freaq, Devlation $360 $476 $375 8-Channel 33000

~2800 Freq. Mater $4(5" $425 Price on Request | 8Channal $3500
-1500 High Gain:
&-Channal $3000
8-Channal $3600

*Includes zaro suppression



Instrumentation Tape Systems,
Other Multichannel Recording Systems,
Data Amplitlers and Transducers

650 Series DC—5 KC Optlcal System

System records 1 to 24 channels of high frequency signals—to 3 kc over full 8 amplitude,
to 5 k¢ over 4” amplitude—with a single set of optical galvanometers. Amplification can
be matched to application by choice of high, medium, low gain or carcier amplifiecs in 6 or
8- channel 7’ high modules. Max. system sensitivities, in order, are 2.5 mv/inch, 50 mv/
inch, 0.5 v/inch and 500 v rms/inch. Recordings are made on 8 ultraviolet-sensitive paper
easily loaded from front in normal room light. Traces fully developed within a few seconds
after exposure to room light. Recorder features include 9 chart speeds, auto-printed timing
and amplitude lines, viewing periscope, trace identification, marker control, remote conteol
connector. Price 8-channel Optical Oscillograph (less amplifiers ) with std. 2000 cps gal-
vanometers, $4200. 8-channel pre-amp., $3780. Amplifiers optionafly available to drive
any optical galvanometer.

670B Optical X-Y Recorder

Optical galvanometers and light beam recording on 8 x 8 ultraviolet-sensitive charts
permit this system to have writing speeds of 25007 /sec and frequency response to 130 cps
within 3 db at 87 peak-to-peak deflections. Such rapidly changing variables as velocity vs.
acceleration of mechanical elements are well within the range of this recorder. Paper
is daylight loading, reveals traces almost immediately after recording and does not require
development. Model 850-1300B DC Coupling Preamps supply input to each axis; other 850
preamps may be used. Optional plug-in 670-800 Time Base Generator available ($250).
System price, including 850-1300B Preamps, $2635. Optional Model 670-900 Grid Line
Generator also available.

30- to 120-Channel Event Recorders

Accurately record on/off events as brief as 1.3 ms on dry-process, electrically sensitive
charts. “Pulsed writing” provides sharP, clean traces, low power consumption and pro-
longed stylus life. Recorders designed in accordance with MIL 1-26600/2, Class 1B, rf
Noise Spec. Optional choice of writing controls switch stylus voltages faster than typical
relays or switches, eliminating their cost and installation. Model 360 records up to 120
channels on 16" wide charts; has 9 std. speeds, 9 more optional; occupies 14" x 197 ﬁane[
space. Price $3900. Model 361 portable or rack mounted 30-channel event recorder has 4
std. speeds, 4 more optional, takes only 83/’ of panel space in rack. Wide variety of solid
state switching circuits available for use with either recorder. Specifications and prices
available on request.

Series 2000 Magnetic Tape System

Seven-channel FM or direct record/reproduce recording, 4 speeds, 1% system accuracy,
non-linearity less than =+0.5% on dc, =1% on ac. Transistorized, conforms to IRIG
standards. Iatecchangeable FM and direct electronics for 7 channels, each only 77 high;
3114 total system pane] space; vertical cabinet or separate portable cases. Both record and
reproduce amplifiers on same plug-in cards. Direct bandwidth 50 k¢, fm 5 ke (at 30 ips).
Standard 4 speeds 33/ to 30 ips; optional 174 to 15 or 714 to 60 ips. Optional: voice chan-
nel amplifier, digital input card, push-pull input coupler, precision footage counter, loop
adapter, remote control unit. Mofel 2007 basic assembly, $5960; direct record/repsoduce
insert, $155 ea.; FM insert $180 ea.; direct equalization plug-in, 830 ea. (one per channel
pee speed req.); FM freq. plug-in, $40 ea. (one per channel per speed req.).

Also, new 7- and 14-channel seven speed tape systems available,
Miniaturized Dota Amplifiers
Detailed descriptions on Pages 114 - 116.

Motion, Pressure and Force Transducers

(For complete information, write Transducer Division, Sanborn Co.)

581 Displacemant Probe: Displacement Probes give {.5, recording on Sanborn pre-am!p and recorder from
0.001” displacement. Max. non-lineacity 15 %. Ten versions, numerous adapters, from §125 to $185.
Linearsya ® D. T.: Linearsyn differential transformers, strokes from £ 0.005” to = 1.0”. High sensi-
uvity, shock and vibration immunity; immersible. Many specials available. Prices $15 to $60.

247 Pressure Transducers: Diflerential and single-ended liquid or gas pressure transducers, sensitivities
21 uv/0.01 psig/volt excitation and 210 uv/0.01 psig/volt excitauon. Prices $225 and $250. Other
ranges up to 10,000 psi.

FTA Transducar: Low force transducer available in standard ranges from 0-1 gram to 0-10,000 grams.
FTA model (less adapter), $175.

Model 7 DCDT: DC-excited miniature dc differential transformers—can drive dc meters or amplifiers
directly, Displacement ranges *0.050” 10 *£3.0”. Model 7 DCDT-050 ( £0.050” stroke), §99.

LVsyn: ® LVsyn linear velocity transducers need no excitation. Rugged, immersible, unlimited resolu-
tion, linearity better than 1%. Prices from $40 to $120.

650 Series

6708

) n;'-iode! 361

Series 2000

DCD1
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Boonton impedance Measuring Instruments, FM-AM Signal

Generators, Alrcraft VOR/ILS/DME Test Equipment

Boonton Radio, established in 1934, has specialized in the design and manufacture of precision electronic laboratory instru-
ments falling into three general areas: impedance measuring equipment, FM-AM signal generators and instruments for the
calibration of aircraft navigation systems. Impedance measuring instruments curcently manufactured include Q metess, cf
bridges, production Q comparators, and transistor test equipment operating in the 1 k¢ to 610 mc range. FM-AM and sweep sig-
nal generators and accessory equipment cover the 100 ke to 500 mc portion of the spectrum and are designed to serve broadcast
EM, vhf-tv, and telemetering, as well as general communications applications. Specialized signal generators are provided for the
VOR and DME aircraft navigation systems, the ILS aircraft landing system, and the ATC beacon. For information on the

entire Boonton line write Boonton Radio Company, Green Pond Road, Rockaway, New Jersey.

Q@ METERS

Total
@ Range Res. C. Range

30 - 460 of  0.09 uh (30mn  § 925
75100 of 4 mub-0.5uh $ 975
.25 pf 2S5 « 146 muh 82610

Type RF Range L Ranmge Price

20A SO0 ke - 50 mc 10 - 625
190A 20 mec - 260 me 5 - 1200
280A 2]10 mc - )0 mc 10 - 25,000

The Q Meter was first designed and introduced in 1934
as a means of measuring the Q or "'Tigure of Merit” of coils.
Improved models and broadened applications have kept pace
with a rapidly growing industcy, and the Q Meter is recog-
nized as a flexible, general purpose device with a broad field
of application in the measurement of components and sys-
tems. The Q Meter consists of a self-contained, continuously
variable, stable oscillator, whose controlled and measured out-
put is applied to a calibrated, series-tuned resonant circuit.
In the 260A and 1904, a high impedance vacuum tube volt-
meter is connected across the internal variable capacitor por-
tion of the tuned ciccuit to measure the reactive voltage in
terms of ciccuit Q. In the 280A, Q measurements are made
by measuring the percentage bandwidth of the resonance
curve and the direct reading dials mechanically compute the
transfer function and read out directly in circmt Q. Q meter
applications include the measurement of coils, capacitors,
resistors and dielectric materials.

RX METER

The RX Meter Type 250A is a completely self-contained
tf bridge for use in measuring the equivalent parallel resist-
ance and capacitance of two terminal networks. The instru-

UHF Q M:Oar.‘

Type 250A Type 280A

ment includes an accurate, continuously tuned oscillator,

high-frequency bridge, amplifier-detector, and null indicating

meter.

RF Range: 500 kc to 250 mc.

Resistance Range: 15 to 100,000 ohms.

Capacitancs Range: 0 to 20 pf (may be extended to 120 pf with
auxiliary coils).

fnductance Range: 0.001 gh to L00 mh (actual range depends upon
frequency).

Mpeasurement Voltage Level: 0.05 0 0.75 volts (may be reduced to 20
mv}),

Price: $1.600.

@ COMPARATCR

The Q Comparator Type 265A is designed for the rapid
production inspection of coils, capacitors, resistors and other
components for both Q and L-C. The instrument is essentially
a “production Q meter” and consists of a swept-frequency
oscillator, Q meter-type measuring circuit with detector, and
CRT indicator which reads out % departure from a standard.

RF Range: 200 k¢ to 70 mc,

@ Range: 30 to 500.

% @ Range: = 259,

L Range: 0.135 £h to 15 mh (actual range depends upon frequency).
C Range: 5 pf to 0.01 pf.

% L-C Range: ¥ 5% or % 20% of standard, full scale.

Price: $890.

Signal Geaerator
Type 225A

Crystal Monitored Signal Generater
Type 211A

Signal Gsnerator
Power Amplifier
Type 230A

Navigation Aid
Tost Set
Type 235A

@ Motor
Type 190A

Traasistor Tost Set
Type 275A
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TRANSISTOR TEST SET

The Transistor Test Set Type 275A is a completely self-
contained instrument for the precise measurement of basic
transistor parameters over a wide range of operating con-
ditions. The test set may also be used to measure the character-
istics of diodes and other semiconductor devices. Direct read-
out of alpha (short circuit curcent gain, grounded base),
beta (short ciccuit current gain, grounded emitter), and input
resistance (output shorted, grounded base) is provided with
variable emitter current and collector voltage from the in-
ternal supplies.

Alpha Range: 0.100 to 0.9999.

Beta Range: 7 to 200.

Input Resistance Range: 0.30 to 3000 ohms.
Test Oscillator Fregueacy: 1000 ¢ps.
Collector Yoltage Range: 0 to LOO volis, dc.

Emitter Current Range: 0 t0 100 ma d¢ (0 10 5 amps external ).
Price: $935.

FM-AM SIGNAL GENERATORS

RE Output FM Dev.
Type RF Range Rongas Range AM Range Prlce
202H 54 mc - 216 me 0. pv - 0. 0-250 ke 0 - 100% 51385
0 - 300 ke 0 - 100%  $i.39¢C

225A 1€ me - 500 mc 0. v -
24DA 4.5 me - 120 me ! yv - 0.

The Signal Generator, Type 202H, is designed for the
testing and calibration of FM receiving systems in the arcas
ol broadcast FM, vhf-tv, and general communications. The
Type 202]. essentially identical w the 202H, is specifizally
designed for coverage of the vhi telemetering band. The
Type 225A is a broadband, general-purpose instrument offer-
g exceptional {requency stability. The Type 240A is a
sweep signal generator and is designed for the alignment of
broadband amplitiers. Univerters, Types 203B and 207H are
available as accessories for each of these generators to extend
the of coverage down to 100 k.

FM STEREO MODULATOR

The FM Stereo Modulator Type 2194 is designed to pro-
vide 2 multiplex output signal in accocdance with FCC Docket
13506 when fed with Left (L) and Right (R) audio stereo
channel inputs and/oc subsidiary communications FM sub-
carriers (SCA). The output of the modulator may be
switched to provide either (L4-R), (L—R), 19 ke pilot
carrier, or the complete multiplex signal which can either be

0 - 60 ke 0 - 30%  $1.05C

02v
2023 195 me-200me 0 pv-02v
.l v
03 v (% - x30% 309 $1,900

@ Comparator RX Meter
Type 265A Type 250A
1 : o T ” i i;g
/ ® Py @ i
o0 . @ |
: ¢’ i o * ¥ ']

Telemetering Signal Generator

Typo 202J Calibrators

Type 246C,D

Signal Generator

21% 4 pp22s Geord
z e
//: Se

used directly or, in twn, to modulate the Type 202H FM-AM
Signal Generator.

(L) and (R) Frequency Range: SO ¢ps to LS ke.

SCA Frsquency Range: 20 to 75 ke.

fnternal Osciliator Frequency: I ke.

Output Lavel: 0 to 7.5 volts peak.

Residual Hum and Noise: > 60 db below 1009 output,

Crosstalk: > 40 db below 1004 output.

Prics: §915,

SIGNAL GENERATOR POWER AMPLIFIER
The Signal Generator Power Amplifier Type 230A is de-
signed to provide high level tf power from a conventional
signal penerator for such applications as receiver testing;
voltmeter and wattmeter calibration; antenna, filter and com-
porent testing; attenuation measurements. The amplifier, be-
cause of (ts inherently low noise may also be used for low-
level applications.
RF Range: 10 to 500 nic.
RF Output: 0 10 15 volts {across external 50 ohm foad)
RF Gain: 30 db (10-12% mc).
27 db (125-250 mc).
24 db (250-500 mc).
RF Bandwidth: > 700 k¢ (1u-150 mo),
> 14 me (150500 mc)
Price: 81200.

SIGNAL GENERATOR CALIBRATORS

The Signal Generator Calibrators, Types 245C and 245D,
are designed to provide a rapid and convenient means for
checking and caliﬁnatmg the ¢f output and amplitude modu-
lation of signal generators. They will also provide a calibrated
low-level rf output voltage for the precision testing of re-
ceiver sensitivity.

RF Range: 500 kc to 1000 me.
RF Input Yoltage Measursment Levels: 0.023, 0.05, 0.1 volts.
RF Output Voltage: 5, 10, 20 v (245C).
0.5, 1, 2 uv (245D).
AM Range: 10 to 1009;.
Price: $415. (245C).
3410 (245D).

AIRCRAFT VOR/ILS/DME/ATC B8EACON
TEST EQUIPMENT

RF Output
Type RF Ronge Range Callbrotes Price
2101A 88 mc - (40 me 0.0 yv -02v YOR & ILS Localixer 1.890
232A  379.3 mc - 335 mc I yv-02v ILS Glide Slope 2,078
236A 962 mc - 1213 me —1l0 #é ~i20 dbm  DME & ATC $4,900
Transpondar

Glide Slope
Signal Generator
Type 232A

Sweop Signsl Generator
Type 240A

FM Sterec
Modulator
Type 219A
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DYMEC DIGITAL DATA,
RF INSTRUMENTATION

Dymec Division of Hewlett-Packard produces instru-
ments for digital data acquisition and rf measurement and
control. Designing for compatibility with standard Ap instru-
ments, Dymec also offers inexpensive packaged systems,
engineered and tested for maximum per!%rmance and reli-
ability and available at mintmum cost with minimum deliv-
ery delay. Both the systems and the individual instruments
are available from Dymec in the areas of data acquisition,
data processing, component testing and rf measurement and
contro]. RF instrumeats for frequency measurement include
the hp 2590A Microwave Frequency Converter (page 141)
and DY-5796 Transfer Oscillator Synchronizer (page 141).
Complete frequency generation and control systems using the
DY-2650A Oscillator Synchronizer (page 219) ace avail-
able. Other elements of Dymec systems are described in ap-
propriate sections of this catalog (pages 103, 117, 183, and
230). Data sheets on all instruments and systems, as well as
a Dymec quick reference catalog are available on request.

Dymec Data Acquisition Systems

Here are basic standard systems which offer the common
advantages of modest cost, fast delivery, high reliability
derived from standard design and construction, and proved
performance. The measuring element of each of the sys-
tems is the DY-2401 A Integrating Digital Voltmeter, which
permits accurate low-level measurements in the preseace of
severe common mode noise and/or superimposed noise.
Thus, all Dymec Data Acquisition Systems are ideal for
measuring and recording signals in the presence of common
mode and superimposed noise caused by severe ground
loop currents and other adverse sitvations. Basic systems
measure dc voltage and frequency, with options availeble
for measurement of ac voltage and resistance. All are auto-
matic. Systems ace available to provide a wide range of input
scanning capabilities, plus a flexible assoctment of output
recording devices.

Common Specifications, DY-2010 Series
Effective Common Mode Rejection: Up to 130 db
Yoltage Range:0.1 vto 1000 v full scale, 5 ranges. Optional

amplifier provides == 10 mv full scale, 5-digit range. Over
ranging to 300% on four most sensitive ranges.

Input Impedance: 10 megohms on 10 v and higher ranges,
1 megohm oa 1 v range, 100,000 ohms on 0.1 v range.
Optional amplifiec provides 10,000 megohms on lower
ranges.

Frequency Range: 10 cps to 300 kc, sample period 0.01,
0.1 or 1 sec.

DY-2010A

DY-20100

Input: Floated and guarded signal pair for each channel,
may be operated up to 500 v above chassis ground.

Display: 5-digit in-line readout; polarity, decimal point,
measurement units, overload conditions automnatically in-
dicated. Storage holds display between readings.

Individual Systems

DY-2010A: Input: Up to 25 channels, expandable to 100
channels with up to 3 slave scanners. Output: Printed
paper tape, up to 5 channels/sec. Effective common mode
rejection, 105 db. $8675.

DY-20108: Input: Same as 2010A. Output: Perforated tape,
up to 10 channels/sec. Effective common mode tejection,
105 db. $10,800.

DY-2010C: Input: 200 guarded 3-wire inputs or 600 1-wire
non»gunrdedPinputs. Output: Printed paper tape, up to 5
channels/sec, Effective common mode rejection, 130 db.
$10,965.

DY-2010D: Input: Same as 2010C. Output: Perforated tape,
up to 10 channels/sec. Effective common mode rejection,
130 db. $§12,850.

DY.2010E: Input: Same as DY-2010B. Output: Punched
card on IBM 526 Punch, nominally 1 channel/sec. Ef-
fective common mode rejection, 105 db. Price on request.

DY-20{0F: Input: Same as 2010C, Output: same as 2010E.
Effective common mode rejection, 130 db. Price on request.

Data Processing Systems

Dymec Data Processing Systems produce graphical plots
from digital information stored in punched cards, perfor-
ated tape or magnetic tape.

The DY-6242 accepts data directly from perforated tape
or operates from punched card reader. Manual entry of data
also is possible with a 10-digit keyboard. Four digit resolu-
tion both axes, plotting speed 50 poiats/min. for punched
cards, 80 points/min, for perfocated tape. Plot accuracy
better than 0.159, of full scale. Price, $8785.

The DY-G575 operates from binary-coded decimal or
binary tapes (as specified). Computer time in preparing
tapes is saved by recording tapes at normal writing speed
and plotting at 1/25 of this speed. Smooth, continuous
curves are produced at 4 in/sec with accuracy of 0.2%.
Automatic plotting, automatic search simplifies operation.
15”” x 10” standard plot, 30” x 30" optional. Price, $29,450.

Input Scanners

With Dymec Input Scanners multiple signals mey be
measured with one measuring instcument or system, All scan-



oY-2911

DY-6242

ners can be operated in continuous-scan, single-scan and
single-step operating modes, with manual or remote control.

Model DY-2900A scans up to 50 l.wire or 25 2-wire
inputs, Lz{p er limit selectable ac front panel. Channel being
measured Is indicated by in-line readout and 10-line contact
closure output, Price, $§950.

Model DY-2901 scans 25 3-wire inputs and programs
alt functions of associated system. DY-2902, 3, 4 Slave Scan-
ners may be used to expand capacity to 100 channels. Push.
button selection of channels to be scanned. Pinboard inside
scanner programs system function and measucement delay
for cach input channel. Prices, DY-2901, $1950. DY-2902,
3, 4 (25 chaanels eacb), $1750 each.

Model DY-2911 is a guarded crossbar scanpes for rejec-
tion of common mode noise, scans 600 1-wire, 300 2-wire,
200 3-wire or 100 6-wire inputs. Lower and upper scan limits
selectable at front panel, with random access to any chanael.
Monitored channel indicated by in-Jinc display and 4-2-2-1
BCD output. Price, $4650.

Signal Conditioning Devices
Signal conditioners translate the analog signal to a form
acceptable by the analog to digital converter. Included ase
DY-241tA Guarded Data Amplifier (Page 103), and DY-
2410A AC/Ohms Converter (Page 103). Both fully pro-
grammable, compatible with DY-2401A Integrating Digital
Voltmeter (Page 103),

Analeg 1o Digital Converters
Include voltage-to-frequency converters and integrating
digital voltmeter. The programmable, floated and guarded
DY-2401 A Integrabing Digital Voltmeter (Page 103) per-
mits accurate Jow-level voltage measurements even in the
presence of severe common mode noise.

Yoltage-to-Frequency Converters

Dymec V-F Converters permit voltages to be measured
with an electronic counter by converting the signal to a pro-
portional pulse rate. The counter reads the average value of
the signal over the sample ﬁeriod, thereby minimizing effects
of noise superimposed on the signal. Converter-couoter com-
bination may also be used to integrate analog signals over
extended periods.

Mode! DY-2210 accepts de inputs with full-scale ranges
of 1, 10, 100 and 1000 v, for full scale output of 10 ke.
0.1 v range optional. Polarity sensed automatically, Price,
$650. (Cabinet vecsion, $660.)

Models DY-2211 A and B accept dc inputs and offer higher
accuracy than the DY-2210. Full scallz output of 10 ke

e, o
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(2211A) or 100 kc (2211B). Both have 1 v full scale
input, with ranges up to 1000 v and a 0.1 v range optional.
Polarity sensed automatically. Price, $1250.

Modet DY-5207-1 accepts both de inputs and ac inputs
up to 100 kc. Ranges are 0.1 to 1000 v for dc and 1 to 1000
v for ac. Full scale output is 10 kc. Input range and ac/de
operation may be selected manually or by external contact
closures. Polarity sensed and indicated automatically. Price,
$1850.

Output Couplers

Dymec Output Couplers transfer and translate data from
digital voltmeters, counters and digital clocks to digital re-
cording devices and comparators. Standard input is 4-2.2-1
BCD, others available,

DY-2526 Coupler couples digital voltmeters or electronic
counters to 1BM 526 Card Punch. Srandard model accepts 10
inpat digits in BCD form, dam storage permits high-speed
operation. Solid-state. Price on request.

DY-2545 Coupler operates with Teletype BRPE 11 Tape
Punch, records at 110 characters/sec. Standard model accepts
10 input digits from digital voltmetec or counter, produces
IBM 8-leve] code. All solid state, features data storage for
high-speed operation. Price, including tape punch. $3900.

DY-2530 Register transfers data from electronic counters,
digital voltmeters to parallel-entry card punches, digital com-
parators and displays. Prices, 8770 to $1510,

DY-2540 Coupler operates with serial-entry tape puaches,
card punches, typewricers, Flexowriters, Up to 25 input
characiers standard, to 50 optional, Max. recording speed, 20
characters/sec. Price, typically, $1200 to $2500.

Auxiliary Equipment

DY-2508A Digital Clock supplies time-of-day informa-
tion to data logging systems oc programs external equipment.
24-hour in-line display with 1 sec resolution, also provided
as electrical output, Code outputs available: staircase voltage
(for the hp 560A Digital Recorder); decimal (10-line)
contact closures; binary-coded decimal (4-line) contact
closuces in 4-2-2-1 or 8-4-2-1 code. Price depends on output
code and time reference selected, typically about $1850.

DY-2532A Digital Comparator can be used in conjunc-
tion with DY-2530 Register to compare output of counter
oc digital volimeter digit-for-digit against preset upper and
lower limits. Limits up to six digits preselected manually.
Provides, Hi, Go, or Lo lamp indications and contact-closuce
outputs. Mounts either in DY-2530 front panel opening or
in 197 rack. Price, $550.

Daia subject to rhange without notjce.




MOSELEY AUTOGRAF' X-Y, STRIP-CHART
RECORDERS, ACCESSORIES

F. L. Moseley Co. offers a complete line of x-y and steip-chast recosders. program
controllers, servo voltmeters, digital translators, analog converters and accessories.
Data plotted in cartesian coordinate form on graph paper is used today in almost
every field of science and industry, and Moseley was a pioneer and today 1s a leading
manufacturer of high accuracy servo driven x-y recorders and strip-chart recorders.
Accessories available from Moseley include magnetic and optical line foltowers, ac/dc
and logarithmic converters, character printers and keyboards, all of which greatly
{ncrease the flexibility and application of the basic instruments. A complete catalog
of ir;struments is available by writing F. L. Maseley Co., 409 No. Fair Oaks, Pasadena.
Calif.

Model 188, 136 Series Recorders

Today's most compact, lightweight, 81/4” x 117 x-y recorder, this basic instcu-
ment may be used on a bench, rack mounted or carried anywhere. Sixteen calibrated
dc input voltage ranges (each axis), 0.5 mv to 50 v/dv. Hali-second rul! scale re-
cording speed. Zener reference supply. vacuum paper hold-down, built-in time basc
on x-axis. Accuracy better than 0.2, of full scale. Mode! 135, Single-Pen X-Y
Recorder, $1650; simplified Model 135C, $1190: Mode! 136, Two-Pen X.Y,, Y,
Recorder, $2650.

Model 2D Series X-Y Recorders

These 117 x 177 X-Y recorders provide 16 dc inpur ranges, 0.5 mv to S0 v/div.
Eight ac input ranges, 0.1 ta 20 v/dwv. Built-in time base on x-axis. Accuracy better
than 0.29% of full scale. Zener reference, vacuum paper hold-down. Bench mount-
ing Model 2D. or rack mounting 2DR, $2450. Without ac ranges, Model 2D>-2,
or 2DR-2, $2050. Designed for use with = 100 v dc computer reference (without
ac ranges or rime base) Model 2D-3, 2DR-3, $2050. Simplified Models 2D-4 and
2DR-4, 81490,

Optional Roll Chart Accessories for Model 2D Series Recorders

Non-tack mounted instruments may be equipped with easily attached accessories
allowmng use of continuous chart rolls, Type Q-1, Q-2 Hand Crank or Pull Through-
Tear Off Roll Chart Accessory, $85. Type Q-3 Varable Speed Motor Drive Roli
Chart Accessory, $650. Type Q4 Automatic Chart Advance, $1,000.

Model 2D-5 Transport Dslay Simulator

For simulating laboratory or process time delay, the Mode! 2D-5 combines a
Model 2D Series Recorder with roll chact accessory and T‘,c're F-3 Line Follower on
a second recorder arm. Records, then reads out the datz; dc output control voltage
is proportional to the y-coordinate. Adjustable delay time from 4 sec to 7 min, $5900,
Also available, Model 685, 5” active paper width, delay time from 4 sec to 2.9
hours, $1780.

Model 2FR Two-Pen X-Y1 Y=z Recorder
This instrument plots two dc input siernals against 4 third signal in cartesian

coordinates on 11”7 x 17” graph paper. Ten ranges, 0.5 mv to 50 v/div. Zener
refecence, vacuum paper hold-down, built-in time base, $3575.

Mode! 6S Automatic Chart Advance

Rack mount Model 68 X-Y Recorder has a capacity of 120 10 x 10” charts on
a standard roll, The new chart is antomatically positioned when desired. Used charts
may be stored intetnally or torn off. Sixteen input ranges, zener refecence supply
vacuum hold-dowa, internal time base, $3150.

Model 7 X-Y Recorder

Model 7 provides a large 30” x 30”7 recording area, ideal as a plotting table.
Designed for table top, console or vertical wall mounting. Modular construction
permits rapid change of operating mode to supply time base, ac input or logarithmic
conversion capabibties. 13 voltage ranges, 30 mv to 300 v full scale, $6500.

Model 135 -
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Modal 680

~ ? ‘y

Character Printer

Model 83

Type A-1

Model 880 Serles 6” Strip-Chart Recorders

These compact, modular, solid state, general purpose recorders {eature 10 raages
(5 mv to 100 v full scale), zener reference supply, 8 chart speeds, 0.5 sec balance
time, 0.2¢ full scale accuracy, rack or bench mount. Model 680, 8750. Other re-
corders in the series include Model 681, dual speed, single range, $625; Model
682, thermocouple operated, $675; Model 683, curtent measurement, $625; Model
680. dc powered, $975, aad Model 685 Transport Delay (see Model 2D-5), $1780.

Model 83 Two-Pen Strip-Chart Recorder

This two-pen 10" strip-chart recorder offers 15 calibrated ranges, 0.5 mv to 20
v/div.; vernier control. Instant selecuon of 6 chart speeds, 2, 4, 6, 8, 135 and 60
in/min. 1 second full-scale pen response 120-foor chart rolls, local or remote chart
and pen contsols, $3450 Modcl 8VA, single pen version, $249%.

Type F-3 Optical Line Follower

The Type F-3 makes possible optical tracking of almosc any high contcast Jine.
Allows pre-recorded curves 1o 120 feet to be read out from Model 2D, 80A or 680
Recorders, DC output volizge proporponal to y-coordinate (s available for process
or machine control. Follows slopes to 85°, built-in alarm circuit. $7953, plus §50
nseallation charge on 2D, $150 installation charge on 80A. Provided (without error
alaem) on 680 Recardecs on special ocder.

Model 60D Logarithmic Converter

This instrument, rack or bench mounted, converts dc or ac to dc propoctional to
the Jogarithm of the positive peak amplitude of the input voltage. Better than 60
db dynamic range. 20 to 20,000 cps frequency range. Operating speed 20 db/sec.
Output 5, 10 or 20 db/in = 0.5 db accuracy, $575.

Model 22 DC Voltmeter

This high accuracy, servo operated voltmeter offers 2 14’ mirsor-backed linear
scale, 11 ranges, 3 mv to 300 v ful) scale. Selectable zero left or zero center. Zener
refecence, all solid state, $593.

Type 101 Waveform Translator

Permits plotting of repetitive oscilloscope traces on x-y recorders, automatic or
manual sweep, 1 ¢ps to 20 ke, $575,

Character Printers, Keyboards
Type D-1B individually i1dentifies data points. Three 2-character plungers, sole-
noid O}JeratedA Available as a field kit, $160. Type D-2 employs six-chacacter print

wheel tor sequential plotting, §525. Keyboard tor entry of digital data to recorders.
Mode! 40D, $975.

Type A-1 Dual Channel AC-to-DC Converter

Pecmits plotting of ac signals, 20 to 200 k¢, on dc recorders. Eight ranges each
channel, 0.1 v/div to 20 v/div. Accuracy 0.5 to 20 ke, 19 to 50 k¢, 2% to 100
ke, $585.

Data subject 1o change without nolice.




HEWLETT-PACKARD MODULAR ENCLOSURE SYSTEM

The Hewlett-Packard modular enclosure system provides
a complete sofution to instrument packaging and mounting
problems, The system, initiated in 1961, is in accord with
the EIA standard rack and panel dimeosions, yet each enclos-
ure is equally welf suited to bench or field use.

The matching enclosures offer an enviable combination of
economy, strength and appearance. They are rugged enough
to meet many of the stringent military requirements and are
designed to withstand severe shock, vibration and heavy load-
ing. In addition, the larger enclosures are grooved to ac-
commodate gaskets for rf shielding ot splash proofing. At-
tention also has been given to the exterior, resulting in a rich,
professional appearance which enhances the value of the in-
strument.

Two Types of Instruments

Basially instruments enclosed in the modular system fall

into two classes:

1. Those units which, by reason of control panel area,
volume and/or heat dissipation, require the full E1A
rack width. This class of instruments mounts direct]y
in racks with the rwo brackets and filler-stcip included
with the instrument; or, if preferred, the feet and tilt
stand furnished may be attached for bench use. Acces-
sory panel covers are available for these instruments to
protect them when they are teansported.

2. Those units which demand a greater height-to-width
ratio than the first class, but do not need the full rack

Figure V. Full rack width cabinets stack one atop the other.

width, These instruments are standardized at 15 or 1
the width of the full module. Because of their size
they are easily portable and can readily be used
in the field, as well as on the bench. In.addition, adapter
frames are available to mount these units in the stancrz;rd
EIA racks. The Ap 1051A, 1052A Combining Cases
can also be used with up to twelve sub-module instru-
ments for 2 multi-instrument package that is both port-
able and easily rack mounted with the hardware
rovided. Both combining cases and rack adapter
rames use blank panels to fill areas not used by instru-
ments and accept V4-width drawers for convenient stor-
age of leads, probes, etc. Model 1052A Combining
Cases also accept cooling kits to maintain proper am-
bient temperature. Control panel covers converr the
combining cases and full width cabinets to carrying
cases,

Characteristic of both classes of modular instruments are
the plug-in components thar facilitate their maintenance.
Top and bottom covers, as well as side panels, are removable
to provide access to all adjustments and test points within the
Instruments.

Specifications

# 1051 A Combining Case (see Figure 3)
Dimensions: 163" wide, 714" high, 1414 inside depth,
hardware furnished for conversion to 7”7 by 19 rack
mount,

Figure 2. Standard configurations
include cabinets one-third
and one-half full rack width.




NEW IN THIS
CATALOG

Weight: Net 10 lbs. Shipping 19 Ibs.
Price: $78.

& 1052A Combining Case {not shown}

Dimensions: 163" wide, 714" bigh, 1634’ inside depth,
hardware furnished for conversion to 7" by 19 rack
mount.

Weight: Net 12 hs. Shipping 27 Ibs.

Price: $82.

4 Rack Adapter Frame (see Figure 4)
hp 5060-0797: adapter to rack mount 6”, 3", or 115"
high, third width instruments, or 6 high, half width
instruments, or combinations thereof, $22.50.

i Modulsr Enclosure Accessories (see Figure 7)

Figure 3. % 1051 A Combining Case.

- !
D e Figure 4. Here one Ap instrument,
° ‘ A one H Lab instcument and (wo
indha Dymec instruments are mounted

in an hp rack adapter frame.

Figure S. Instrument covers .
quickly coavert full width cabinets
to easily carried portzble units.

Figure 6. Modular plug-in construction
permits sy routine .
maintenance. T
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Control Panel Covers
Stock Number EIA Panel Helght Price

5060-0826 33" $22.50

50460-0827 §” 23.00

5060-0828* 7% 23.00

5060-0829 aY," 23.50

| $0460-0830 10Y4" 24,00

[ 50560-0831 127 24.00

A \ *Also fits % 10SIA and 10S2A.
Canmtrel Vanel Comer (44" paasl, MIT a TN |lw£t:v:".l A-mﬁf‘f , N 5

' "“3 c’:‘:” :...',.-, i ‘J"" Data subject to change without nofice.

Figure 7. Modular enclosure accessories, 19



SERVICE INFORMATION

Hewlett-Packard’s obligation to provide a celiable instrument for you begins while the

instrument js being designed and manufactured, and it continues for as long as you own
that instrument. Over the years, Hewlett-Packard has carefully built a service concept
second-to-none for peoviding round-the-world assistance to instrument users. We expect
and want to provide those services which will help you keep all of your Hewlett-Packard
instruments pecforming faithfully.

Who to contact

1.

2.

Hewlett-Packard engineering represematives are Jocated throughout North America
and in major cities around the world. For information, replacement parts, and repair
and calibration services for your Hewlett-Packard 1nstruments, please contact the rep-
resentative nearest you. He is listed on the inside back cover of this caralog.

Although your nearby Hewlett-Packasd representative offers immediate attention {o
your needs, vou are always welcome ro contact the factory:

Customer Sarvice

Howlett-Packard Company

395 Page Mill Road

Palo Alto, California

TELEPHONE: (Area Code 415) 324-3950
TWX: 415.492.9343

TELEX: 03-38)1

CABLE: HEWPACK

What services are avallable

20

Training

Hewlett-Packard offers both field service tsaining and factory service training (with-
out charge) for personne) engaged in instrument maintenance. Field service uaining
seminars are arranged by your Hewlett-Packard enginecring representative and may be
held at his ofhce or at your company Jocation. Factory secvice traming seminars are
held at Palo Ao, California; your only cost is for transportation, lodging and meals.
Your representative has full information on these seminars.

Publications

In addition to the publications described on page 22 of this catalog, two additional
publications are designed specifically to help you with maintenance and service work
on your Hewlett-Packacd instruments.

Besch Briefs, Customer Service newsletter, published peciodically, covering such sub-
jects as new modifications, seevice shortcuts and other data that will help keep in-
steuments in good operating order, Besich Briefs is sent by mail, without chacge, to
persons directly concerned with repair and maintenance of instruments. Just ask your
Hewlent-Packard representative.

Operating and Seyvice Manuals, supplied with each new Hewlett-Packard instrument.
Extra copics are available at 2 nominal charge, usually $2.50 to $5.00 each. They may
be ordered from your representative or from Customec Secvice in Palo Alto.

Parts Services

When you need a replacement part, you generally want it fast! That's why Hewlett-
Packard engincering representatives maintain Field Secvice Centers to supplement the
Customer Service parts depot at the factory. Both your neacby Field Service Center and
Customer Service stand ready to rush parts for your instruments, and orders are usually
filled the same day as received.

Eachyear, thousaads of Hewlvtr-Packard
equipment users attend Hewlett-Packard
Fictd Service Seminars.

These items make up an isolated service
kit for the Hewlett-Packard 410B Vacuum
Tube Volimeter.

Field Secvice Centers are well equipped to
supplement your maintenance aclivities.

i Bt ot



When ordering a ceplacement part, please specify the
following infocrmation (see the Operating and Service
Manual's “Table of Replaceable Pacts™) to insure your get-
ting the right part in the shortest possible time.

. Instrument model number aad complete serial number.

—

2. Hewlett-Packard stock number for the part.
3. The part's circuit reference designator (R3, C7, etc.).
4

. A description of the part.

(¥ for some reason the stock number and circuit refer-
ence designator for the desited part are unknown, please in-
clude the instrument mode! and serial numbers — and 2
complete description of the part, its function and its location
within the instrument.)

Al replacement parts are carefully packaged to protect
the part and prevent shipping or storage damage. These
parts can be packaged in rupged miluary type conrainers,
however. and your representative will be happy to discuss
this service with you.

Several types of parts kits are available to assure con-
tinuous operation from your instruments when they are
being used In an isolated area, or where loss of instrument
use would be extremely critical (on a production line. for in-
stance). "Field Repair,” "Running Spares.”” and “lsolated
Service " Kits offer varying degrees of completeness, and you
can piek the kit that most neacly satfsiies vour requicements.
It addition to space parts kits. modification kits are available
to change the original characteristics or specifications of cer-
tain Hewlett-Packard instruments. If you have a requirement
for either type of kit, please contact your representative.

Instrument services

Your Hewlett-Packard instruments may be sent to your
nearest Field Secvice Center or to the factory for repair. Com-
plete instructions should be accompanied by a purchase order
or other “authorization to proceed.” Your mstructions should

include "‘symptoms”™ if the instrument is not operating prop-
erly. Information also should include the address to which
the instrument is to be returned and the addresses to use fot
correspondence and billing purposes. Repaic charges are
derived from labor plus materials, and charges are the same
in the field as at the factory. Repair work is guaranteed,
subject to the terms of rthe standard Hewlett-Packard war-
ranty. Quotations on repair costs can be made before repair
is undertaken.

Instrument modification is sometimes made to satisfy
special requirements or to up-date instruments that have been
in the held for many years. You can easily perform most
of these modifications yourself, and modification kits are
available for many of them. Or you may request that modi-
fications be made at your Field Service Ceater or at the fac-
tory. New modifications are announced in the Customer
Service newsletter, Bench Briefs.

Instrument overhaul is possible on older instruments that
have been in operation a number of years. If a particular
model is no longer manufactured, it can be put (n a con-
dition equivalent to that when it was originally purchased.
In many cases, you can perform an overhaul yourself, and
many represengatives also offer an instrument overhaul serv-
ice. Ay Hewlett-Packard instrument can be overhauled at
the factory.

The Operatmg and Service Manual for each instrument
provides the information required for neld recalibration of
the instrument. However, your representative will arrange
for prompt recalibration of your instrument if it is not con-
venient for you to undertake the task yourself.

Special “Standacds Calibration'” services are available in
some areas of the United States. In these cases. a report is
made describing the measurement conditions, the measure-
ments made and accuracy and, where applicable, traceability
to the National Bureau of Standards.

WARRANTY

All our products are warranted against defects in materials 2nd
workmanship for one year from the date of shipment. Our obli-
gation is limited to repairing or replacing products (except
tubes) which prove to be defective during the warranty period.
We are not liable for consequential damages.
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USEFUL INFORMATION AVAILABLE TO YOU
ON REQUEST

FROM HEWLETT-PACKARD

TECHNICAL DATA SHEETS. On standard @ instruments,
these sheets contain complete information on instruments de-
scribed in this catalog. For complete published data on any
particular instrument, and for up-to-date data on instruments
developed after publication of this catalog, TECHNICAL
DATA SHEETS are useful. They may be obtained either from
your local @ engineering representative, or by writing @ direct,

e T

gy,
APPLICATION NOTES, A serics of APPLICATION NOTES -
describe measuting methods, techniques, efficieat test instrument
application, Many APPLICATION NOTES are referenced in ~
this catalog; write for an index of all APPLICATION NOTES
available, or for titles you desire; watch new literature announce-

ments and @ advernsing for announcements of other titles.

HEWLETT-PACKARD JOURNAL. Published monthly by the
@ R & D laboratories, the Hewlett-Packard JOURNAL is
devoted to detailed, academic discussion of new measuring ap-
proaches, most productive methods of employing test instrumen-
tation, latest instrumentation for complex as well as routine
measurements. For your free subscription simply write on your
{etterhead to Hewlett-Packard JOURNAL, Hewlett-Packard
Company, 1501 Page Mili Road, Palo Alto, California,

From HEWLETT-PACKARD Divisions and Aftiliates

DATA SHEETS, CATALOGS, APPLICATION NOTES. Each of the Hewlett-Packard divisions and affiliates, whose
products are briefly described on Pages 9 through 17, publish detailed data sheets and catalog material describing their products.
These may be obtained from your nearest Hewlett-Packard sales engineering representative, or by writing directly to Dymec,
Boonton Radio Company, F. L. Moseley Company, or Sanborn Company.

SANBORN RIGHT ANGLE. Published periodically by the Sanborn Company as a source of helpful technical information
for users and potential users of Sanbom Oscillographic Recording Equipment, For sample copies or a free subscription write
directly to the Industrial Division, Sanborn Company, Waltham 54, Massachusetts.

THE BRC NOTEBOOK. Published several times 2 year by Boonton Radio Company, THE BRC NOTEBOOK pro-
vides detailed technical information on operation and application of Boonton products. Copies are available by writing directly
to Boontoa Radio Company, P.O. Box 390, Boonton, New Jersey.
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OSCILLCSCOPES

The cathode ray oscilloscope is an ex-
tremely fast x-y plotter which plots an
input signal vs. another signal or vs.
time. The "stylus™ is a luminous spot
which moves over the display area in
response to the input voltages. In the
usual scope application, the x-axis in-
put is an internally generated linear
ramp voltage which moves the spot
unifocrmly from left to right across the
display screen. The voltage being ex-
amined 1s applied (o the y-axis input,
moving the spot up or down in accord-
ance with its instantaneous value. The
spot then traces 2 curve which shows
how the input volage varies as 2 func-
tion of time.

When the sipnal being observed is
repetitive at a fast enough rate, the dis-
play appeurs as a steady hne. The cath-
ode ray oscilloscope thus is a means of
visualizing time-varging voltages. As
such, 1t has become z universal toof in
all kinds of electroniz investigations.
fn addition to volrages, a scope can pre-
sent visux’ representations of a wide
variery of dymamic phenomena by the
use of transducers fu- converting cur-
rent. strain, accelegacion, pressure and
other physical quantities into voltages.

Stemming from the straightforward
ability of an oscillascope to display sig-
nals i 2 two-dimensional plane, a broad
variety of instruments with many special
{eatures has been developed by Hewlett-
Packard. Some of the fundamental
operations of these “real time’' cathode
ray oscilloscopes are described below.
(Sampling oscilloscopes are described
on page 44.)

The Cathode Ray Tube

The cathode ray tube (CRT) is the
heart of the cathode ray oscilloscope,
with the rest of the instrument consist-
ing of circuitry for operating the CRT.
As is commonly known, this tube has
an electron gun at one end and a phos-
phor display screen at the other end.
The gun has a thermioaic cathode, vari-
ous accelerating electrodes for directing
emitted electrons toward the display
screen, and a focusing electrode. The
resutting narcow beam of electrons from
the gun strikes the phosphor in 2 small
spot with enough energy to cause fluor-
escence.

On leaving the gun, the electron
stream passes between each of two pairs
of deflection elecrrodes. Voltages ap-
plied to these electrodes bend the beam,
voltages on one pair of electrodes mov-
ing the beam up and down, and voltages
on the other pair moving it from side
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to side. These movements are independ-
en of each other so that the spot may be
positioned anywhere on the phosphor
screen by appropriate voltage inputs.

The accuracy with which the viewed
waveform corresponds to the deflection
voltages depends in large measure on
the performance of the cathode ray
tube. Careful design of the electrodes
and the precision manufacturing tech-
niques of the Hewlett-Packard cathode
ray tube faciity insure that the beam
moves linearly with respect to the
deflection voltages. Hewlett- Packard's
precision CRT's make it possible to
measure accurately the input volrage
amplitude at any point on the wavefotm
by measurement of the amount of de-
flection of the fluorescent spot.

Internal Graticule

The amount of spot deflection, and
thus the input volrage amplitude, 15
gaged by a rectangular graticule placed
on the display area. A significant con-
tribution to precision oscillography was
made by Hewletr-Packard with the in-
troduction of the internal graticule tube.
In these tubes the graticule of fing,
black lines is placed in the same plane
as the phosphor. This avoids errors
caused by the paraliax which otherwise
exists when the graticule is external to
the tube, sepacated from the phosphor
by the thickness of the glass face-plate.

CRT photography is improved by the
internal graticule tube. With the proper
tcchni?‘ues, described on page 52, the
trace shows white, the graticule shows
black, while the background is an inter-
mediate geay. This results in maximum
contrast between trace and graticule and
at the same time obtains an increase in
photographic speed.

Another feature of Hewlett-Packard's
internal graticule tube is that the outer
surface of the face-plate is etched slight-
ly, thus minimizing glace and borther-
some reflections. This face-plate is made
of laminated glass, giving supecior pro-
tection from implosion without the need
for an external plastic shield.

CRT Phosphors

The pucchaser of an oscilloscope has
the option of selecting the phosphor
best suited to his primary applications.
The various chemical salts used in CRT
phosphors have different characteristics
affecting the color of fluorescence and
its brightness, decay, and speed of re-
sponse. Unless otherwise specified, most
Hewlett-Packard scopes are supplied
with the new P31 phosphor. This phos-

phos combines brightness and a spectral
response well suited to the eye, with
ruggedness and resistance to burning.
Phosphor characteristics are discussed in
the table on page 26.

The Cathode Ray
Oscliloscope

The primary subsystemns of a cathode
ray oscilloscope are the CRT, the vertical
deflection system, the horizontal defiect-
tion system and the power supplies. The
power supplies include focusing 2ad in-
tensity controls for adjusting the CRT
spot.

The horizonta! deflection system sup-
plies drive voltages for moving the
elecrron beam horizontally, Since so
many measurements are concerned with
plotting voltage vs, time, the horizontal
defiection system also includes sawtooth
waveform gencrators for sweeping the
beam honizontally ar 2 uniform rate,
ana syachronizing circuits for starting
the horizontai sweep at 2 specific in-
stant with respect to the measured wave-
rorm,

The horizonual amplifiess of all Hew-
lett-Packard scopes may be used separ-
ately trom the swee{?l generating circults
for deflecting the horizontal beam in
response to external waveforms, a use-
ful technique for making x-y plots.

The vertical deflection system consists
of an amplifier chain for amplifying
low-Jevel input signals sufficiently to
drive the CRT spot. Attenuators are in-
cluded so that a wide range of input
signal amplitudes may be accommo-
dated within the vertical dimension of
the display area.

Selecting an Oscllloscope

Choice of an oscilloscope is based
largely oo considerations of both per-
formance capabilities and versatility.
Versatility is greatly enhanced if the
scope has plug-in capability, since the
scope’s pecformance can be alteced by
use of the appropriate plug-in, Plug-in
capability also enables a scope’s per-
formance to be updated as new plug-ins
become available. The prospective pur-
chaser should decide first of all whether
his applications are broad enough to re-
quite plug-in versarility.

Bandwidth and sensitivity of the ver-
tical amplifiers are the primarcy charac-
teristics which describe an oscilloscope’s
performance capabilities. Wide band-
width is obtained at the expense of
more complicated ciccuitry 2nd more ex-
pensive cathode ray tubes. High sensi-
tivity requires more amplifier stages and



added refinements for minimizing dc
drifr and noise.

Detailed discussions of the various
Hewlett-Packard oscilloscopes are
grouped in later sections according to
the capabilities of the vertical amplifier.
These discussions are divided as fol-
lows: 1) low-frequency scopes (to 500
kc), useful for the majority of industrial
2and laboratary applications (page 27);
2) high-frequency scopes (to 50 mc)
having the additional features requiced
for high frequency or fast pulse work
(page 34); and 3) sampling oscillo-
scopes, which extend scope measure-
ments to frequeacies of 1 gc and above
and to pulses with rise times measured
in nanoseconds while still retaining a
large, bright display, high sensitivity
and a high input impedance (page 44).

The reader is ceferred to these sec
tions for detailed discussions of scope
chacacteristics. Certain other feacures,
common to most Hewlett-Packard
scopes, are desceibed hece.

Features of the Vertical
Deflection System

The amplifiers in Hewlett-Packacd
oscilloscopes are stable enough to per-
mit voltage measurements with confid-
ence to at least = 39 accuracy. To
verify amplifier accuracy, all Hewlett-
Packard scopes have built-in calibrators
which supply precisely controlled siﬁ-
nals for vse as calibrating test signals.

DC coupling, included on all Hew-
lett-Packard scopes, preserves the wave-
form of slowly varying signals and also
permits a dc reference line to be estab-
lished on the display, facilitating precise
amplitude measurements. DC coupling
is not desirable, though, when a small
ac component on a relatively large dc
voltage is to be examined. All Ap scopes
(except the Model 185B) have switches
for inserting decoupling capacitors into
the signal line when de coupling is not
desired.

A widely used option in oscilloscope
vertical deflection systems js the pro-
vision for two signal chapnels. Dual
channel operation is obtained most con-
veonjently by electronic switching be-
tween signal channels, resulting ia al-
ternate displays of the two signals.
Swirching may occur between sweeps so
that the waveform of ooe channel is
displayed during one sweep, and the
other waveform is displayed oo the next
sweep; or switching may occur rapidly
(40 ke to 1 me) for displaying samples
of both channels dusing one sweep.
This latter method, frequently referred

to as ‘“chopped” presentation, is most
often used for low frequency wave-
forms which otherwise would ficker
with alternate sweep presentation.

Dual channel presentation enables
comparison studies of two signals, such
as phase measurements or studies of an
amplifier’s output signal vs. its input.
The two inputs of duzl channe) oscil-
loscopes have separate preamps and at-
tenuators for independent adjustment
of the amplitudes of the two signals.

Horizontal Section

Triggered sweeps, used in all Hew-
lett-Packard oscilloscopes, cycle only in
tesponse to a trigger signal, otherwise
remaining in a “locked out’ state, This
is in contrast to the so-called recurrent
sweep which operates continuously and
is synchronized by varying its repetition
cate until it locks in on some submul-
tiple frequency of the triggering wave-
form.

The advantage of the triggered sweep
is that sweep duration can Ee any frac-
tion or muluple of the input waveform
Teriod (recurrent sweeps cannot display
ess than a whole period). The trig-
gered sweep is most useful when only
short segments of the input signal need
to be examined in detail, the sweep
speed being set so that this small por-
tion of the waveform is expanded to
occupy the whole trace.

The fastest horizontal sweep should
be commensurate with the vertical am-
plifier response. That is to say, sweep
should be fast enough to “'spread out”
fast moving changes in vertical deflec-
tion. Sweep controls on Ap scopes are
designed to indicate sweep speed direct-
ly for ease in trace evaluation. All Ap
scopes have easy-to-use synchronizing
controls.

The sweep magnifier, 2 useful feature
found on all Ap oscilloscopes, expands
the sweep width. A x5 magnifier, for
instance, expands the normal 10-centi-
meter trace to 50 centimeters. By mov-
ing the horizontal positioning control,
any part of the expanded sweep may be
brought into the viewing area.

Other features of the horizontal de-
flection system, such as sweep delay,
single-sweep operation and the like, are
discussed in later sections.

Other Features

The Beam Finder button, a con-
venience feature found on Hewlett.
Packacd scopes, simplifies trace center-
ing, Pressing this button reduces the
gatn of both horizontal and vertical am-

plifiers while simultaneously brighten-
ing and defocusing the trace. In this
way, the trace is brought on screen,
regardless of the settings of the posi-
tioning, intensity and sweep trigges
controls.

Reliability through conservative de-
sign is built into all Hewlett-Packard
scopes. Reduction of tube rypes to a few
reliable frame grid tubes and Nuvistors
reduces tube fatlures, the most common
source of instcument breakdown. Sili-
con rectifiers and teansistor(zed regula-
tors in the power supplies result in less
power dissipation and few heat prob-
Jems,

Hewlett-Packard oscilloscopes are de-
signed for ease of servicing, with all
components readily accessible. In par-
ticular, the 4p Model 175A 50-mc os-
cilloscope eliminates the many drs-
tributed amplifier adjustments found
on other high-frequency scopes. Late
model scopes use edge-on cannectors foc
case in removal of entire circuit sec-
tions for replacement or repair.

The newer hp scopes are packaged
in the Ap modular cabinets, These in-
struments can be stacked on the beach
with other 4p instruments or quickly
converted to rack mounting. A tilting
bail raises either end for easier viewing
on the bench.

Accessories

Accessocies for Hewlett-Packard oscil-
loscopes include probes, viewing hoods
and testmobiles (see pages 54, 55). A
separate group of accessories is available
for making maximum use of the capa-
bilities of the Model 185B Sampling
Oscilloscope (see pages 50, 51).

Voltage probes are of the slim, pen-
holder style with pushbutton jaws for
easy connection to small contact points
in tight places. These probes include
one for straight-through connection
{rom circuit to scope and compensated
voltage-divider probes for high-imped-
ance 1input,

Current probes make examination of
ac currents as easy as voltage measure-
ments. These probes clamp around the
conductor or small component without
disturbing the circuit and convect the
Cl.llrrent to a voltage for oscilloscope dis-
play.

The Models 1115A a0d 1116A Test-
mobiles accommodate oscilloscopes and
other instruments on an easily-rolled
cart. The carts have tilting platforms
for easy viewing of the CRT,

Oscilloscope cameras and related tech-
niques are discussed on pages 52 and
33.
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PHOSPHOR CHARACTERISTICS, HEWLETT-PACKARD

CATHODE RAY TUBES

Trace Color

Phosphor Uader

Excitation

After
Glow

Low Levet

Relotive

Burn
Persistence? Rest

stg

Relative Visua{ Brightness

2.5 kv
on-Alum.

5 kv

hee N Atum?

18 kv
Afums

V2 kv
Alum?

Use

PI} Graen

Grean

1BO mseac

100

100 600

3000

3600

Visual observation of
mediom and fast repeti-
tive signals.

P2 Blue

Yellow

1 s8¢

150

90 550

2000

2400

Visual display and photo-
graphic recording of
madium and slow repeti-
tive signals.

P7 Blue-White

Yellow

3 sec

75

50 400

1500

1800

Long persistenca makes
P? useful for visual ob-
servation of slow tran-
sients and slow repetitive
signals,

Pl Blue

Blue

20 msec

75

20 200

800

950

Best for photographic
recordings of fast wave-
forms end transients,
poor for visual work.

P3{ Blue-Grasn

Light

Green

500 msec

250

110 1300

5000

6000

Best general purposs
phosphor for visual and
photographic use an all
waveforms, most resist-
ant Yo burning.

"P1 phosphor will not fluoresce under ultra violet exitation, Not available with internal graticule.
Low level persistence is 2 measure of the time for the after glow to decrease to 0.019 brightness, 2 level of light inteasity which is still visidle.
*Aluminized CRT has greater visual brightness and is less susceptible

to burning. Typical incresse in visual brightness is 215 times on 3 kv
CRT's and 3%, times on 10 kv CRT's.

]
- , 1= ’——
RACK MOUNT INFORMATION L1 ' i
¢» OSCILLOSCOFES L
AND PULSE GENERATORS [Q
£
Dimensions in Inches
1208 122A 130C 140A 1608 170A 175A 1858 214A 215A
Al 631732 5-31/32 431732 8.23/32 12-7/32 12-7/32 12-7/32 (2-7/32  4.31/32 5-7/32
P’ 9 19 19 19 19 19 19 )9 19 ¢
C 4-25/32 YA 4-25/32 8-17/32 (1.21/32 11-2)/32 12.1/32 11-21/32  4-28/32 5.1/32
D 163, 163 16% 1634 156-15/15 16-15/(4 16% 16-15/16 163 16%
E 17 191/, 17% 7% 22V 22V/4 3] 22Y4 17 17
F 15% 19 163 16% 20Y4 yiA 223 204 1634 163
G A 1, 1 1lg 1-1/16 1-4/18 1V 1-1/16 e 1/
H [} Va 0 0 5/16 5714 0 5/16 0 0
J 2 1V 2 2 2 2 2 2 2 2
K —_ — —_ 4 5% A 7 553 3V 2%
_ L — — — 9t/ t) 1 11i/a 1 103 4
M* 131 /84 1-31/64 1-31/64 1-31/54 1.31/44 1.31/84 1.31/64 1-3t/64 1-31/44 1-31/64
N’ - — — — A 3 3 A — -
P — — — — 5% 8% S% 5% - —
R’ 4 4 4 5% 9V 9V Wa Wa 4 3Ya
COOLING
Type c C C F. A. F. A F. A. F. A, F. A F.A. F. A,
Air In 8 B 8 R R R R R R R
Alr Out S.T.R. T. R. S.T.R. S S S S S 3 3
CFM® 25 36 25 40 110 §10 90 85 8s IS

Abbreviations: C==Convection, F.A.=Forced Air, B=Bottom, R=Rear, $=Sides, T=Top.
'Conform to EIA standards for rack mounts.

'This is the recommended volume of air, at normal ambient temperature, that should be supplied to the rack mounted instrument for cooling.
The following expression may be used as 2 “"rule of thumb" ¢o establish the volume of cooling air required by the entire enclosure:

Q=176xP (kw) where Q=Cfm (vol. of air); P(kw)=kw of input power to the enclosure. Additional ajr should be supplied if the intake
air is oot distributed proportionally to each instrument or if it is at a high ambient temperature.
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LOW FREQUENCY OSCILLOSCOPES

Oscilloscopes in Hewlett-Packard's
low frequency group make accurate
voltage and time measucements on a
wide variety of waveforms in the sub-
sonic, audio, ultrasonic, and low ¢f
ranges. Although many are capable of
measurements of signal frequencies up
to 500 k¢, these instruments are classi-
fied arbitracily as “low frequency’ oscil-
loscopes to cﬁstinguish them from the
more elaborate “high frequency” scopes
that have frequency responses extend-
ing into tens of megacycles.

Hewlett-Packard oscilloscopes in the
low frequency category are the Models
120B, 122A and 130C. The versatile
140A alse may be included here, de-
pending on the plug-ins selected for use
with it,

These scopes are intended for analy-
sis of waveforms in which little import-
ance is attached to frequency compon-
ents beyond 500 kc. The de amplifiers
and Jong sweep rates are suitable for
medical and mechanical studies, as well
as for low frequency electrical work, At
the same time fast sweep speeds are
provided in these instruments for de-
tziled studies of transient phenomena,
vibration effects, audio analysis and
other highec frequency physical events.
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figure 3. Simplifted block diagram
of an oscilloscope.

Cathode Ray Tubes

The precision cathode ray tubes in
the bp low frequency scopes use the

hosphors described on page 26 and
cature parallax-free internal graticules.
The graticules cover a 10 by 10 cm use-
ful display area. A large calibrated dis-
play area such as this is especially ad-
vantageous for x-y measurements.

The cathode ray tubes of most of
these scopes are monoaccelerator types
in which all electron accelecation taEes
place in the gun section. The electron
stream is not subjected to any electro-
static fields after leaving the gun sec-
tion, insuring straight-line trave) to the
phosphor screen. Accurate deflection
factors result and the bright, clear
cathode ray trace remains sharply fo-
cused theoughout the lacge display area.

Vertical Section

High sensitivity is built into 4p low-
frequency scopes (to 200 uv/cm in the
130C and to 100 yv/cro in the 1400A
plug-in of the 140A scope), High sen-
sitivity enables transducer outputs to be
connected directly to the scope, simpli-
fying instrumentation set ups. For in-
stance, dynamic measutements of strain
are ceadily made with the coacise in-
strumentation diagrammed in Figure 2.

Oom»-u»

A 130¢

satlonary” gepu Pod
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|

Figura 2. Dynamic strain measurements made
with high-seasitivity oscilloscope.

High amplifier gain with minimum
drift and noise is obtained in the Ap
scopes by careful circuit design. Large
amouots of negative feedback, aided by
the use of regulated power supplies,
achieves gain stability for measurement
accuracy. Excellent dc stability is main.
tained through the use of balanced am-
plifiecs, reguﬁtted dc filameat power and
conservatively operated components
with low coefficients of temperatuce.

The balanced amplifier design also
means that balanced input signals can
be connected dicectly to these scopes.
When used in the differential mode, the
scope displays the voltage difference be-
tween the signals on the two input
leads, while canceling “in-phase”
(common mode) voltages existing on
both leads.

Provision is made for ac coupling
in the amplifiers when it is desirable to
remove the dc component of a signal.

Horizontal Amplifiers

The amplifiers for horizontal deflec-
tion in bp low frequency scopes have
phase shift characteristics w]l:ich are
matched to the vertical amplifiers up to
and beyond 100 kc. In particular, the
model 130C features vertical and hori-
zontal amplifiers which have identical
characteristics with respect to both
phase 2nd sensitivity.

Matched amplifier characteristics en-
hance the precision of phase measure-
ments in the x-y mode. A typical sine
wave phase measurement is diagrammed
in Fig. 3. Here, horizontal and vertical
amplifier gains are adjusted for equal
def{)ection. The resulting display pattern

is an ellipse whose shape indicates the
phase angle between the signals at the
scope’s 1nput. At one extreme this
ellipse becomes a straight line slanting
towards the right at 45° (0° phase
shift). At the other extreme, it slants
to the left at 45° (180° phase shift).
Other values of phase shift lie between
these extremes; 90° (or 270°) phase
shift generates a ciscle. The phase
shift is calculated from measurements
of the parameters indicated on the dia-
gram®. Useful voltage-current phase
relationships also can be studied by
using 20 Ap curcent probe as one of the
input signals (see page 54).

= 7
T — 1
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Figure 3. Phase measurement
using scope in X-y mode.

Horizontal Sweep

Automatic triggering is selected by a
switched position on the trigger level
control. This position alters the trigger
circuit so that the sweep cycles auromat-
ically in the absence oxPan input signal,
at approximately 50 cps. With this fea-
ture, a baseline is always present for
ease in setting up the scope. The sweep
will then trigges on any waveform
having sufficient amplitude (14 tm of
deflection) and having a repetition rate
faster than SO cps,

For more ﬂexi%le triggering, the trig-
ger level control may be switched out
of autornatic and positioned so that the
scope triggers at any desired point on
the input waveform.

These scopes have been designed for
“connect-and-ctead”’ convenience, as
well as having the performance capa-
bilities required for precision measure-
ments. With automatic triggering and
direct-reading controls, »p low fre-
quency scopes can be operated readily
by inexperienced personnel. At the
same time, the precision 2nd flexability
requiced for laﬁomtory use are avail-
able.

'For a direct-reading method of phase shift
measurement, the reader is referred to "A
Convenient Method for Measuring Phase
Shift,” Ap Application Note No. 29.
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¢ 120B 480 KC OSCILLOSCOPE

Easy-to-Use, General Purpose 450 KC Oscilloscope

Advantages:

Greater accuracy with no parallax, no glare CRT

Beam Finder, automatic triggering simplify operation

Modular cabinet converts quickly from bench to rack
mount

Easy access to circuitry

Uses:

General purpose for lab, production, and systems
View complex waveforms in audio and video devices
Monitor transducer outputs

The 4p 120B Oscilloscope offers new features for high
accuracy, convenience, ease of operation, and versatility. The
no parallax, no-glare cathode ray tube (CRT) and the cali-
brated sensitivity and sweeps petmit more accurate measure-
ments; the beam finder and automatic triggering simplify
operztion; the modular cabinet is easily converted for rack
mounting. Further, the front panei controls are logically ar-
ranged, making the 120B easy to operate, even by non-tech-
nical personnel.

Automatic triggering provides a clear base line even in the
absence of an input signal and eliminates complicated trigger
adjustment. [f desired, the automatic trigger may be switched
out and the trigges Jevel selected manually with a front pane)
contcol. A front-panel Beam Finder push button quickly
locates an off-screen trace. Controls are color coded and logi-
cally arranged for convenient operation,

Specifications
Sweep

Sweep Range: 1 psec/cm to at least 0.5 sec/cm. 15 calibrated
sweeps, 5 #sec/cm to 200 ms/cm, accucate to within = 55¢
(1, 2,5 10 ... sequence); x5 sweep expand. Vernter permits
continuous adjustment and extends the 200 ms/cm step o 4t
Jeast 0.5 sec/cm.

Sweep Expand: x5, expands fastest sweep to 1 #sec/cm. Sweep
accuracy is = 109.

Avutomatic Synchronization: Inlernal: From signals SO ¢ps to 450
ke causing V5 cm vertical deflection, and from line valtage.
External: From signals 50 cps to 450 k¢, 1.3 v peak-to-peak, or
greater,

NEW IN THIS
CATALGG
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Trigger Point: Negative slope of external sync signals, positive or
negative slope of vertical deflection signals. Front panel control
overrides antomatic and sets trigger point from —10 to +10
volts.

Vertical Amplifier

Bandwidth: DC coupled; dc to 450 ke: ac coupled: 2 cps to 430 ke..

Sensitivity: 4 steps, 10 mv/cm to 10 v/cm, attenuator accuracy ¥
39%. Vemier permits continuous adjustment and extends 10
v/cm step to at least 100 v/cm,

{aternal Caﬁbra?or: Accuracy T 2%, automatically connected,

Input Impedance: 1 megohm, approximately 50 pf shunt.

Balanced Input: On 10 mv/cm range; input impedance, 2 megohms
shunted by appsoximately 25 pf. Common mode rejection at
least 40 db. Common mode signal must not exceed £ 3 volts

peak,
Phase Shift: Verrical and horizontal amplifiers have same phase
charactetistics within £ 2° to 100 kc when verniers ace in CAL.

Horizontal Amplifier

Bandwidth: DC coupled: de¢ to 300 ke; ac coupled: 2 cps to 300 k..

Sansitivity: 3 calthrated steps, 01 v/cm, 1 v/cm, and 10 v/em, acs
curate within £ $%. Vernier permits continuous adjustment
and extends 10 v/cm step to at least 100 v/cm,

lnput ]mFodance: Approximately 1 megohm, nominal, shunted by
100 pt.

Genearal

Cathede Ray Tube: 4p (P31 phosphor) intemal graticule, mono-
accelerator; 2700-volt accelerating potential. Face plate elimi-
nates giare and reduces hazard of implosion. P2, P7, and PU
phosphors are available,

Internal Graticule: 10 ¢cm x 10 ¢m macked in cm squares. Major
horizontal and vertical axes have 2 mm subdivisions. Eliminates
parallax error.

Intensity Modulation: Front panel terminals; + 20 volt pulse blanks
normal trace.

Dimensions: 16%4"” wide, 634" high, 18%43" dcep overall; hardwarc
furnished for quick conversion to rack mount (7" x 19” panel.
17" deep behind panel).

Weight: Net 32 lbs. Shipping 45 Ibs.

Powar: 115 or 230 v T 109, 50 t0 1000 cps; approximately 95
watts.

Accessories Availabla: Sce Pages 54-55.

Price: A Model 120B. $475.

Options (no extra charge):

02. P2 in liev of P31 phosphor
07. P7 in lieu of P31 phosphor
11. Pt} in liew of P31 phosphor

Data subject to change withons notice.




&) 122A, AR DUAL TRACE 200 KC OSCILLOSCOPES

Advantages:

Internal graticule, glare free CRT

Twin vertical amplifiers, for simultaneous comparison
of signals

Differential input rejects unwanted signals

Dicect reading calibration, automatic sync

Simple operation, easily used by non-technical
personnel

Models 122A,AR Dual Trace Oscilloscopes provide cali-
brated dual trace capabilities with hi%‘h!y linear sweeps and
are simpje to operate even by non-technical pecsonnel.

Accurate phase shift measurements also are easily made.
Relative phase shift between vertical and horizontal ampli-
fiers is less than 2° at 100 kc. .

The 122A will accept either single-ended or balanced input
signals. For balanced input, 2 front panel switch connects the
outputs from both vertical sensitivity switches to one ampli-
fier, so that differential and balanced signals may be ex-
amined. Since each attenuator operates independently, signals
of differing amplitudes may be studied.

Automatic triggering, which provides a clear baseline in
the absence of an input signal, eliminates complicated trigger
adjustments and speeds operation. If desired, it may be locked
out and the triggering level selected manually with a front
panel control. For added convenience, the new Ap-developed
internal graticule which eliminates parallax is used.

A “times - 5" sweep expander speeds observation and
analysis of transients by expanding any 2 ¢m segment of a
trace to 10 cm.

Specifications
Model 122A,AR

Sweep

Sweep Rangas: 15 sweeps, 5 psec/em to 200 ms/cm, calibrated
within = 39, Vernier extends the 200 ms/cm step 1o at least
0.5 sec/cm.

Synchronization: Automatic from 50 cps to 250 kc; internally from
vertical deflection signals causing 0.5 cm or more deflection; ex-
ternzlly from 2.5 volts peak-to-peak or greater; line voltage.

Trigger Point: Negative slope of external sync signals, positive or
negative slope of vertical deflection signals, Control overrides
automatic for setting trigger point between — 10 and + 10 volts.

Vartical Amplifiers

Bandwidth: DC coupled; dc to 200 ke, AC coupled; 2 cps to
200 ke,

Sensitivity: 4 calibrated steps; 10 mv/cm, 100 rov/cm, 1 v/cem, and
10 v/cm, accurate within £ $%. Vernier permits continuous
adjustment and extends 10 v/cm step to at least 100 v/cm,

Internal Calibrator: Accuracy £ 29%. Automatically connected.

Input Impedance: 1 megohm, approximately 30 pt shuat.

Phase Shift: Vertical and horizontal amplifiers have same phase
characteristics within = 2° 10 (00 k¢ when vemniers are in CAL.

Bolanced laput: On 10 mv/cm raage on both amplifiers. Input im-
pedance, 2 megohms shunted by approximately 25 pf. Common
mode rejection 1s at least 40 db. Common signal must not
exceed = 3 volts peak.

Difference tnput: Both input signals may be switched to one channel
to give differential input on all vertical sensitivity ranges.

Vertical Presentation: A only, B only, B-A, Alternate or Chopped,

Horizontal Amplifier

Bandwidth: DC coupled; dc to 200 ke.
200 ke.

Sensifivity: 3 calibrated steps; 0.1 v/cm, t v/cm, and 10 v/cm,
accurate within = $9%. Vernier permits continuous adjustment
and extends 10 v/cm step to at least 100 v/cm,

Input Imfpedanco: 1 megohm, nomigal, shunted by approximately
100 pf.

AC coupled; 2 cps to

General

Cathode Ray Tube: hp mono-accelerator. P31 phosphor normally
supplied with internal graticule; P2, P7 and Pf1 phosphors
avatlable. Accelerating potential, 3000 v.

CRT Plates: Direct connection to deflection plates via terminals on
rear. Sensitivity approximately 20 v/cm,

Intansity Modulated: Terminals on rear. + 20 v pulse will blank
trace of normal intensity.

Dimansions: Cabinet: 934" wide, 15” high, 214" deep. Rack
Mouant: 19" wide, 7” high, 19'?" deep behind panel,

Weight: Net 35 tbs, Shipping 51 Ibs. (cabinet). Net 33 Ibs. Ship-
ping 48 Ibs. (rack mount).

Power: 113 or 230 v £ 10%, 50 to 1000 cps, approx. 150 w.

Prica: Ap 122A or 122AR (cabinet or rack mount), $695. For
ssingle sweep operation specify FI15-122A or H15-122AR, add

70.
Options (no extra charga:
02. P2 in lieu of P31 phosphor.
03. External graticule crt in lieu of internal graticule,
07. P7 in lieu of P31 phosphor.
LL. P11 in lieu of P31 phosphor.

& 122AR



& 130c 200 ;v/cm OSCILLOSCOPE

Features ldentical Amplifiers for X-Y Plots

Advantages:
200 uv/cm sensitivity eliminates preamplifiers
500 ke bandwidth all tanges
Identical X and Y amplifers for phase measurements
Constant impedance and balanced input on all ranges
x2 to x50 sweep magnification for viewing waveform

detail

Automatic triggering, beam finder simplify operation
No-parallax, non-glare CRT
One insirument for rack and bench

Uses:

General purpose for lab, production and medical ap-
plications

Accurately measures phase shift and time

Observe output directly from cf detectors, strain gages,
teansducers

View complex waveforms

The bp Model 130C Oscitloscope, which has identical 200
pv/em vertical and honizontal amplifiers with 500 ke band-
width oa all sensitivity settings, is a versatile all-purpose in-
strument for laboratory, production line, industtial process
measurements and mec{ical applications. A x2 to x50 sweep
magnifier effectively expands the sweep up to 500 cm for
measurement of waveform detail. ln zddition, a front panel
switch allows observation of single shot phenomena or can-
dom events by providing single sweep operation. Through
the use of both solid state and vacoum tube circuits, the 130C
has superior performance, excellent reliability and low power
consumption,

30

Model 130C is easy to operate even by inexperienced per-
sonnel. Controls are color coded to front panel markings and
are logically arranged by function. An internal graticule CRT
provides a bright, clear, non-glace display without parallax.
Automatic tciggering minimizes adjustments. A positive
pushbutton beam finder immediately iccates an oﬂF-screen
trace.

identical Ampliflers

Identical horizontal and vertical amplifiers provide 2 high
sensitivity of 200 pv/cm from dc to 500 kc and balanced
inpats on all ranges. Balanced output signals from low level
transducers such as those used in industcial and medical
fields can be measured directly without external amplification.
The amplifiers may also be used single ended with ac or dc
coupling. Regulated power supplies, high stability com-
ponents and extensive feedback mnsure excellent gain stabil-
ity and low noise even on the mosr scositive ranges. A front
panel switch (Amplifier AC-DC) provides ac coupling be-
tween amplifier stages and victually eliminates all drift—
even on the most sensitive range. Phase shift between am-
plifiers is held to less than =+ 1° up to 100 ke for accurate
phase measurements.

Probes may be used with both the horizontal and vertical
amihﬁers, and since the input impedaace is constant, the
probes will not require recompensation between sensitivity
ranges.

Automatic Triggering

Trigger adjustments ate minimized with the 130C by the
“automatic’ triggering feature. This feature provides z base




line in the absence of an input signal. For fast expanded
sweep times where the automatic base line would be too dim
for observation, a free run mode establishes 2 bright base
line. A trigger level control is located on the front panel so
that automatic triggering may be easily locked out if desired,
and a preset trigger level established.

Versatile Sweeps

For versatility, twenty-one linear direct reading sweep
rimes from 1 psec/cm to 5 sec/cm are available, accurate
within == 3. A calibrated x2 to x50 magnifier expands the
sweep up to 0.2 wsec/cm, accurate within = 5%. A verniet
control permits continuous adjustment between calibrated
ranges 2nd extends the slowest sweep speed to at least 12.5
sec/cm, In addition, a front panel switch for either normal
or single sweep permits observation of single shot phenomena
or random events. Switching to single sweep will disable the
sweep circuit after a single sweep so that it can not be re-
triggered until maoually rearmed, A front panel sweep
“armed’ light indicates when the sweep is armed and ready
to be triggered.

No Paraflax CRT

The internal graticule of the Ap Model 130C CRT is in
the same plane as the phosphor and trace. In this way the
usual vertical and horizontal parallax error, which is inherent
in conventional CRT's, is avoided. Waveform measusements
are easier, quicker and more accurate since the ambiguity
caused by the parallax is eliminated. In addition, the etched
safety glass face plate on the CRT of the 130C minimizes
reflections and glare which are common in conventional CRT
filter and face plates.

Modular Cabinet

The 130C 1s packaged in the modular cabinet which gives
maximum versacility for either bench or rack mounts. Rack
mounting brackets (supplied with the instrument) may be
quickly attached to convert the unit from bench to a sturdy
rack mount. Top and bottom cabinet covers may be quicki
removed giving complete access to the components and ac{-'
justments within the instrument, When used on the bench,
other instruments may be stacked on the top surface.

Figure |. Strain gage output showing resonance in a part
(200 uv/cm sensitivity).

Specifications

Sweep Generator

Internal Sweep: 21 ranges, 1 Hsec/cm to Slsc«:/cm, accuracy within
* 3%. Vernier provides continuous adjustment between ranges
and extends slowest sweep to at least 12.5 sec/cm.

Magnifieation: x2, x5, x10, x20, x50, accuracy of magnified
sweeps * 5% for sweep rates sjower than 0.2 usec/cm.
Automatic Triggering: Base line is displayed in the absence of an
input signal,
Interaal: 50 cps to 500 ke signal causing 0.5 ¢m or more verti-
ca) deflection and also from line voltage.
External: 50 cps to 500 k¢, 0.5 volts peak-to-peak or more.
Trigger Slope: Positive or negative slope of external sync signals
or imternal vertical deflection signals.
Amplitude Selection Triggering:
Internal: 10 cps to S00 k¢, 0.5 em or more vertical deflection
signal.
Ex!efnal: DC coupled: dc to 500 ke, 0.5 v peak-to-peak or more;
ac coupled: 20 cps to 500 ke, 0.5 v peak-to-peak or more.
Trigger Point and Slope: Internally from any point of the ver-
tical waveform presented on screen or continuously variable
from ~+ 10 volts to — 10 volts on either positive or negative
siope of external signal.
Single Sweep: Front-pane! switch permits single sweep opera-
ton.

Vertical and Horizontal Amplifiers

Bandwidth:

DC Coupled: DC to 500 ke.

AC Coupled [Input]: 10 cps to 500 ke.

AC Coupled (Amp iﬁeg: 25 ¢ps 10 500 kc at 0.2 mv/cm sen-
sitivity, Lower cut-off frequency is reduced as sensitivity is
reduced. At 20 mv/cm the cut-off frequency is 0.25 cps. At
lower sensitivities, amplifier is automatically de coupled.

Sensitivity: 0.2 mv/cm 1o 20 v/cm. 16 ranges in 1, 2, 5, 10 se-
quence with ar attenuator accuracy within = 39, Vernier per-
mits continuous adjustment of sensitivity between ranges and
extends minimum sensitivity to at least 50 v/cm,

Internal Calibrator: Approximately 350 ¢ps square wave; § mv
£ 39%. Awomatically connected for checking gain when the
sensitivity is switched to CAL.

lnput Impedance: | megohm shunted by 45 pf, constant on all sen-
sitivity ranges.

Input Capacitor Radlng: 600 v peak {dc + ac).

8alanced (aput: On all sensitvity ranges.

Common Mode Rsjection: Ar least 40 db from 0.2 mv/cm to 0.2
v/cm sensitivity; common mode signal not to exceed 4 volts
peak-to-peak. At least 30 db from 0.5 volts/cm to 20 volts/cm;
common mode signal not to exceed 40 v peak-to-peak from 0.5
v/em 1o 2 v/em sensitivities and 400 v peak-to-peak from 5
v/cm o 20 v/cm sensitivities, Specified rejection from de to at
least SO ke.

Phase Shift: Within = 1° relative phase shift at frequencies up to
100 ke with verniers in CAL position and equal input sensi-
tivities.

General

Calibrator: Approximately 350 ¢ps, 500 mv = 29, available at
froat panel.

Cathode Ray Tube: Ap type, (P31) internal graticule, monoaccel-
eratar, 3000 volts accelerating potential. P2, P7, and Pit phos-
phors are available. Equipped with non-glare safety glass face-

€.

Internal Graticule: Parallax-free 10 cm x 10 ¢m, marked in cm
squares. 2 mm subdivisions on major horizontal and vertical
axis and at the 10% and 90% amplitudes (1st and 9th cm) of
full scale to facilitate rise-time measurements.

Beam Finder: Depressing beam finder contcol brings trace on CRT
screen regardless of setting of balance, position or intensity
controls,

Intensity Modulation: Terminals on rear; + 20 volt pulse blanks
CRT at normal intensity.

Power: 115 or 230 volts % 109, 50 to 1000 cps, approximately
90 wacts,

Dimensions: 1634 “ wide, 7-5/16” high, 18%” deep overall; hard-
ware furnished for quick conversion 10 7”7 x 19” rack mount.
Rack mount depth, 1634”.

Weight: Net 32 bs, Shipping 45 Ibs.

Accestories Available: A complete line of accessories. including
voltage divider probes, current probe and amplifies, test mobiles,
and adaprers is listed on pages 54-55.

Price: §695.

Options (no extra charge):
02-P2 in lieu of P31.
07-P7 in liew of P31.
11-PL1 in lieu of P31.

Data subject 1o change without notice.
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AVAILABLE
FALL 1963

Advantages:

Accepts one dual or two single plug-ins
7.5 kv CRT provides bright, clear trace
Internal graticule eliminates parallax erroc
1% calibrator for accurate sensittvity check
High sensitivity, wide band

Uses:

General-purpose lab and production oscilloscope
X-Y, phase shift measurements
Strain gage measurements, medical applications

Unique dual plug-in design in the 140A Oscilloscope
provides maximum measurement capability, with all active
functions excepr for power supplies, calibrator 2nd cathode
ray tube provided by the plug-in units, For normal operation
a sweep generator is installe§ in the upper plug-in receptacle
and an amplifier in the lower receptacle. Since the receptacles
are identical in size, two vertical amplifiers may be installed
to provide x-y measurement capability.

Future plug-in design is nor limited to the size of a single
plug-in, since the center shield between the compartments
may be removed to accept a double-size plug-in unit!.

A newly developed 7.5 kv internal graticule CRT provides
bright, clear, parallax-free traces on the large 10 x (0 ¢m
display area. Improved characteristics of this new CRT
give the 140A high frequency as well as high sensitivity
capabilittes. Front panel controls include a beam finder
for fast, positive location of 2an off-screen trace. A 1 v and
10 v calibrator, accurate to 19, provides a convenient means
of checking sensitivity of the plug-ins and compensating
probes.

'For information regarding additional plug-ins, including those for
wide band applications, consult your bp sales representative.

Speclfications

Plug-Ins: Accepts 1400 seties plug-ins, Upper compartmeat for
horizontal axis and lower compartment for vertical axis. Center
shield may be removed to provide double-size compartment for
use with single, dual-axis 1400 series plug-ins.

Beam Finder: Pressing beam finder control brings trace oo screen
regardless of settings of horizontal or vertical position control.

32
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Calibrator: 1 v and 10 v peak-to-peak line frequency rectangular
signalz5 0.5 Aasec rise time. Amplitude is accurate 10 = 1%
+ 15°Cto + 35°C, = 39% 0°C o + $5°C.

Intensity Modulation: Approximately + 20 volts pulse will blank
trace of normal intensity. Terminals on rear panel.

Cathode Ray Tube: Hewlett-Packard post accelerator, 7.5 kv acceler-
ating potential, aluminized P31 phosphor standard (P2, P7 and
P11 are available at no extra charge). Equipped with non-glare
safety-glass faceplate, Graticule: Parallax-free, 10 x 10 c¢m marked
in cm squares; 0.2 mm subdivisions on major horizontal and ver-
tical axis.

Power: 115 or 230 v ¥ 109, 50 to 60 cps, 285 watts maximum
(varies with plug-ins used}).

Weight: 37 Ibs., without plug-ins.

Dimensions: 163" wide, 9” high. 18%“ deep overall. Hardware
furnished for quick conversion to 834" x 19” rack mouat, (634"
deep behind panel.

Accessories Avallable: A complete line of accessories including volt-
age divider probes, current probe and amplifier and adapters is
listed on pages 54 and 55.

Price: Price on request.

Optioas: 02. CRT with internal graticule and P2 phosphor installed.

07. CRT with internal graticule and P7 phosphor installed.
11, CRT with internal graticule and P11 phosphor installed.

¢ 1400A Differential Amplifier

Advantages:

100 uv/cm sensitivity eliminates need for preamps
Noise elimination through selectable bandwidths
Differential input for suppressing common modes
Low dc drift

The Model 1400A Differential Amplifier, with a sensi-
tivity of 100 pv/cm and dc to 400 ke bandwidth, measures
outputs from strain gages and transducers without preampli-
fication. This plug-in is particularly svited for laboratory,
production, industrial process measucements, and medical
applications where small signals are likely to be measured.

wo of the Model 1400A diffecential amplifiers may be
used in the Ap Model - 140A Oscilloscope for x-y presenta-
tions. Accurate phase measurements can be made, since the
relative phase shift between amplifiers is typically 1° or less
to 100 kc.



Speclfications

Bandwidth: '

Upper Limit: 400 k¢, 40 ke, 4 ke, selectable with front panel
switch.

Lower Limit: DC with amplifier and input coupling in dec. AC
coupled {input); 2 ¢ps. AC coupled (amplifier); d¢ from
20 v/cm to 50 my/cm sensitivities. Approx. 0.1 ¢ps on 20
mv/cm sensitivity, increasing with sensitivity to approximately
20 ¢ps at 0.1 mv/cm. )

Sensitivity: 0.1 mv/cm to 20 v/cm in 17 calibrated ranges in a 1,
2. 5. 10 sequence. Vernier allows continuous adjustment between
calibrated ranges and extends minimum sensitivity to at least
50 v/cm,

AHenuator Accuracy: £ 3%,

Internal Calibrator: 6 ¢cm fline frequency rectangular signal when at-
tenuator switched to CAL, Accuracy = 3%.

input dmpedance: 1 megohm shunted by 45 pf, constant on all at-
tenuator ranges.

Input Capaciter Rating: 600 volts dc (input a¢ coupled).

Dual Inputs: Two signal input jacks {(BNC, = polarity}. AC, DC,
or OFF on either input selectable with front panel switches, Iso-
lation between inputs at least 80 db.

Differential lnput: Differential input may be selected on all attenua-
tor ranges. Common mode rejection at least 40 db on 0.1 mv/cm
to 0.2 v/cm ranges, signal not to exceed 4 v p-p. On 0.5 v/cm
0 20 v/cm ranges, at least 30 db, signal not to exceed 40 V)D-p
on 0.5, ! and 2 v/cm ranges 2ad 400 v p-p on 5, 10, and 20 v/cm
ranges. Measured at 1 ke.

Phase Shift: When used with another L400A plug-in, typically
within * 1° relative phase shift at frequencies up to 100 k¢ with
x and y sensicivities the same and verniers in CAL.

Power: Supplied by 140A Oscilloscope.

Weight: Net 4 Ibs.

Prica: Price on request.

& 1401A Dual Trace Amplifier

Advantages:

1 mv/cm sensitivity for low level measurements
Dual channel for time and waveform comparisons
Differential input suppresses common mode signals

The Model 1401 A permits simultaneous comparison of
two electrical signals, such as input and output of amplifiers
and filters, with ease and accuracy. Its two 450 kc channels,
each with 2 sensitivity of 1 mv/cm, may be used inde-
pendently, together in chopped or alternate modes foc simul-
taneous display of two signals, or in a differential mode of
operation for measurements on balanced lines when common
mode suppression is desired.

Specifications
Mode of Operation:

Channel A alone. Channe! B alone. Channels A and B displayed
on alternate sweeps. Channels A and B displayed by switching at
approximately 100 k¢ rate, with blanking during switching. Chaa.
nel A minus Channel B (differential input),

Each Channel:

Sensitivity: 1 mv/cm to 10 v/cm in L3 calibrated ranges in a 1,
2, 5, 10 sequence. Vernier allows continuous adjustment be-
tween calibrated ranges and extends minimum sensitivity to at
least 25 v/cm,

Attenuator Accuracy: = 3%,

Pass Band:

Upper Limit: 450 ke al! sensitivities.

Lower Limit: DC with amplifier and input coupling in dc,

AC coupled [input: 2 cps.

AC couplad {amplifier): DC on 10 v/cm to 20 mv/cm sensitivity
ranges. Approx. 1 ¢ps at 10 mv/cm increasing with sensi-
bivity to approx. 10 cps at 1 mv/cm.

Input Smpedance: 1 megohm shunted by 45 pf, constant on a2l at:
tenuator ranges.

Input Capacitor Rating: 600 volts d¢ (ac coupled input),

Polacity of Presentation: + up or — up selectable for A Channel.

Differential lnput:

Both channels, with their input attenuators, may be switched to
one channel to give differential input.

Amplifier: Channel A.

Display: A minus B.

Common Moda Rejection: Common mode rejection at least 40 db
on 1 mv/cm to 0.1 v/cm ranges, signal not to exceed 4 v p-p.
On 0.2 v/cm 10 10 v/cm, at least 30 db, signzl not to exceed
40 v p-p on 0.2, 0.5, and 1 v/cm ranges and 400 v p-p on
2, 5, 10 v/em ranges. Measured at 1 ke,

General:
Internal Calibrator: 6 cm line frequency rectangular wave when
sensitivity switch at CAL. Accuracy = 39%.
Woeight: 5 (bs.
Powsr: Supplied by 140A Oscilloscope.
Price: Price on request.

® 1420A Time Base

Advantages:

Stable triggering to greater than 10 mc

Auomatic triggering locks in waveforms

Sweep speeds to 0.1 usec/cm for fast phenomena
Single sweep for observing transients

The Model 1420A Time Base supplies sweep time, trigger
and herizontal input functions to the 140A Oscilloscope.
Sweep speeds from 0.5 psec/cm to 5 sec/cm are provided
on the sweep time switch and a X5 magnifier increases fastest
speed to 0.1 usec/cm. The magnifier expands the trace that
is around the center of the CRT permitting examination of
waveform detail. Adjusting the horizontal position control
allows examination of any portion of the trace.

Both automatic triggering, for connect and read con-
venience from 40 c¢ps to 500 ke, and amplitude selection
triggering are employed. In amplitude selection triggering the
instrument has triggee capabilities from dc to greater than
10 mc. Single sweep operation for viewing transients and
single shot phenomena s established by a front panel switch,

Specifications

Internal Sweop: 22 ranges. 0.5 psec/cm 10 5 sec/cm, accuracy w