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FOUR EASY WAYS 

TO USE THIS CATALOG 

OTHER IMPORTANT 

INFORMATION 

1. Check headings on opposite page for general type of instru- 
ment you are seeking. 

2. Turn the page opposite for four pages of “Short Form ( 
log” listing @ instruments by type or function (example --“Signal 
Generators 50 KC to 40 GC”). 

3. Find equipment by its model number in the numerical index, 
back of this catalog (example -“@ 411A Voltmeter”). 

4. Find equipment sought by its name or title, alphabetical index, 
back of this catalog (example--“Digital Voltmeter”). 

Ill 

.......... ............e 

1111 PLACING YOdR ORDER OR RETURNING INSTRUMENTS. 
Page 6 contains time-saving suggestions for ordering. Pages 5 and 
6 have information on service and repairs. 

@J DIVISIONS, SUBSIDIARIES. Page 4 contains brief data about 
equipment available from, and communications with Dymec, a 
Division of Hewlett-Packard Co. (see also pages 195-210), and 

OTHER INFORMAT66 ON @ INSTRUMENTS. In addition 
to data contained in thi; Catalog, information about application 
and operation of @ eqaipment is found in @ Data Sheets, Appli- 1111 
cation Notes and the Hediett-Packard Journal, monthly technical 
periodical from the @ Research and Development laboratories. 1111 
These publications a r e i d e r e d  without charge; see page 7 for 
details. I . I  

’ 

Palo Alto Engineering Company, a subsidiary. 1111 

r .  

COM MUNIGATI N& HEWLETT-PACKARD 
Mail: 1501 Page Mill Road, Palo Alto, California, U. S. A. 
Telephone: DAvPnport 6-7000, Palo A h ,  Area Code 415. 
TWX: PAL AL 02. ’ 

1111 
- 1  

Cable: HEWPACK I l l 1  
1 %  

COMMUNICATING WITH I ^  @ ,ENGINEER-SALESMEN 
@ engineer-salesmen are located in most major manufacturing llllllli 
centers in the United States and Canada, and principal cities over- 
seas. Names and complete addresses of Hewlett-Packard represen- 
tatives are listed inside the back cover of this catalog. 

COMMUNICATING WITH HEWLETT-PACKARD S. A. 

~ 

Mail: Rue du Vieux Billard No. 1, Geneva, Switzerland. 
Telephone: No. ( 0 2 2 )  26. 43. 36. 
Telex: NO. 2. 24. 86. 
Cable: HEWPACKSA. 



@ instruments in this catalog are grouped by i 
preceded by “Applications Data” pages which 
group, and discuss latest measuring techniques. 
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OSCILLOSCOPES Applications Data 
Instrument Details 

13-15 
16-31 

OSCILLATORS Applications Data 
Instrument Details 

33-35 
36-43 

AUDIO, SQUARE WAVE, PULSE and 
DIGITAL DELAY GENERATORS; 
POWER SUPPLIES 

Applications Data 
Instrument Details 

45-47 
48-58 

WAVE, DISTORTION ANALYZERS Applications Data 
Instrument Details 

59 
60-64 

AC and DC VOLTMETERSl AMMETERS, 
OHMMETERS 

Applications Data 
Instrument Details 

66-68 
69-84 

AMPLIFIERS Applications Data 
Instrument Details 

85 
86-90 

Applications Data 
Instrument Details 

FREQUENCY and TIME 
MEASUREMENT EQUIPMENT 

PRIMARY FREQUENCY and 
TIME STANDARDS 

SIGNAL GENERATORS 

92-95, 118-120 
96-125 

Applications Data 
Instrument Details 

118-120 
121-125 

Applications Data 
Instrument Details 

127-131 
132-147 

MICROWAVE EQUIPMENT 

Power Measurement 

Applications Data 149-150 
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151-153 - 
154-162 

Applications Data 
Instrument Details 

Impedance Measurement Applications Data 
Instrument Details 

163-165 
166-175 

Noise Figure Measurement Applications Data 
Instrument Details 

176 
177-179 

Other Microwave Equipment 180-191 

DYMEC DIVISION RF and Digital Systems 195-208 
Special-Purpose Instruments 209-210 

STANDARD WAVEGUIDE, 
FLANGE SPECIFICATIONS . - ._ 211 



QUICK - REFERENCE INDEX (See Also Indexes By Model Number and Instrument Name- Pages 212-217) 

Instrumen) Prlmary Uses 

-hp- 302A Waveform analyzer 

-hp- 330B/C/D AM, FM monito; 
Audio distortion. 

Oscillators-0.008 cps to 1 0  MC 

~ ~~ 

Frequency Range -CRaracterlstics Price Page 

20 cps to 50 KC $l,8OO.OOA 60, 61 

20 cps to 20 KC Includes input amplifier, VTVM - 62, 63 

Measuring range 30 @v to 300 v 
oscillator-tuned voltmeter 

Voltmeters and Ammeters-DC to 1,000 MC 

Distortion, Wave Form Analyzers - 20 cps to 5 0  K C  



Frequency Measuring, Monitoring Equipment 

Nuclear Scaler 

Page 

i25 

i25 

121 

121 

122 

123 

96, 97 

98 

98 

101 

99 

99 

100, 101 

102, 103 

102. 103 

107- 109 

107- IO9 

I IO 

104- IO6 

104 - 106 

105, 106 

105, I O 6  

112, I13 

114, 115 

116, 117 

116, 117 

114, 115 

112, 113 

112, 113 

3 0 2  

203 

Regulated Power Supplies 

General Purpose, 
metered output 

A Rack mounted instrument available for $15.00 less. Rack mounted instrument available for $25.00 less, *Rack mounted instrument available for $5.00 extra. 



Square Wave, Pulse, and Digital Delay Generators 
r- 

P r i m a r y  Uses Frequency Range Charac te r i s t i cs  P r i ce  Inst rument  

Ou tpu t  -3.5 v p-p across 

across 600 ohms 
-hp- 2 l l A  

Pulse length 0.07 t o  I O  p e c ,  
-hp- 212A Pulse generator 0.02 Nsec rise t ime output  50 v t o  50 ohm load 

Time interval I t o  10,000 p e c ;  

Square wave generator I cps t o  I MC 

50 to  5,000 pps. 

75 ohms and -27 v p - p  $ 325.00' 

600.00A 

-hp- 218AR Dig i ta l  delay generator - adjustable in  I j sec  steps 2,000.00 

Dual t r igger,  pulse, duration - - - -hp- 219A/E/C plug-ins for  218A 

P a g e  

50 

51 

52, 53 

53 

Signal Generators and Doublers - 50 K C  to 40 G C  (KMC) 

-hp- 682C I t o  2 GC $3,090.00A 
-hp- 6836 2 t o 4 G C  Electronically swept; var iab le sweep 3,000.00A 

2,900.00A 
3,000.00A 

-hp- 664C 4 t o  8.1 GC 

2,900.00A 
HOI 6866 7.0 t o  I I .O GC 
-hp- 686C 8.2 to  12.4 GC 

width and rate. Pulse, square wave, 

FM and AM modulat ion. 

-hp- b87C 12.4 t o  18.0 GC 3,400.00A 

o 0.157 v into 50 ohm load  

8,500 t o  10,000 MC 

144, 145 
144, 145 
144, 145 
144, 145 
144, 145 
144, 145 

Rack mounted instrument avai lab le for  $15.00 less. **Rack mounted instrument available for $20.00 extra. *Rack mounted instrument available for  $5.00 extra. 



Microwave EauiPment to 40 GC (KMC) 

Adapter, Waveguide t o  Coax 
Cover t o  choke f lange 
Waveguide t o  waveguide 

Waveguide Noise Source 
Low Pass Filters 
Attenuators, 

Fixed 3, 6, I O ,  20 db 
Precision, Fixed 
Variable 

Precision Variable 
Detector Mounts 

S281A $50 G281A $40 J281A $35 H28 lA  $30 X281A $25 I86 
S290A $65 G290A $55 J290A $40 H290A $35 X290A $20 P290A $30 186- 

-hp- 292A Series $25.00 - $40.00 I86 
S347A $300 G347A $285 J347A $250 H347A $225 X347A $200 P347A $250 I79 

X362A $325 M362A $350” P362A $350 K362A $385 R362A $385 I86 

S370A $100 G370A $85 J370A $75 H370A $75 X370A $65 P370A $80 K370A $ 1  15 R370A $ 1  15 181 
5372 $400 6372 $275 J372 $165 H372 $135 X372 $110 P372 $125 K372 $240 R372 $275 181 

393A/394A S375A $120 G375A $110 J375A $100 H375A $90 X375A $90 M375A $190 P375A t K K 3 7 5 A  $140 R375A $180 l 8 E  
S380A $260 G382A $500 J382A $375 H382A $350 X382A $275 M382A $300 P382A $275 K382A $475 R382A $go 180, 181 

420A $50 H421A $95 X421A $75 M421A $125 P421A $130 K422A $200 R422A $200 170, 171 
4208 $75 170 171 

I I 440At $85 I 170, 171 

S485A# $165 G485Bt $95 J485Bt $90 H485Bt $85 X485Bt $75 I61 
I S485D” $185 G485D $170 J485D” $170 I I61 I 

Thermistor Mounts 
4778 $75 54876 $105 64876 $95 54876 $90 H487B $80 X487B $75 M487B $110 P487B $110 K487C $225 R487B $225 

(Temperature Compensated) W 478A $145 X486A $145 

160, 162 

I57 
Frequency Meters 

Direct Reading 
Directional Couplers, 

Cross Guide: 20, 30 db 
Directional Couplers, 

Mul t i  Hole: 3 ,  IO, 20 db 
Slotted Sections, Waveguide 
Slotted Sections, Waveguide 
Tuners, Slide Screw 

Waveguide Phase Shifter 
Terminations, Low Power 
Terminations, H i g h  Power 
Moving Load 
Standard Reflections 
Adjustable Shorts 
Waveguide Shorting Switch 
Broad Band Probe 
Rroad R i n d  Proba Untuned 

E -  H 

# For use with barretter only. 9, Mounts i n  809B Carriage. t For use with barretter or  crystal. 
W Includes Thermistor installed. Complete assembly including carriage. 
**Also available in  N-Band, 15-21 GC, $350.00. 

Includes barretter; checked f o r  square law characteristics. 

Microwave Test Instruments -for coaxial and waveguide systems 

536A $500 G532A $325 J532A $300 H532A $250 X532B $175 M532B $275 P532A $210 K532A $280 R532A $300 I82 

5750 $1.50 6750 $120 5750 $85 H750 $75 X750 $60 184, 185 

5752 $375 6752 $250 J752 $140 H752 $120 X752 $100 M752 $130 P752 $115 K752 $175 R752 $200 184, 185 
S8lOA*$450 G8lOBg $125 J8lOB§$llO H810B9_$110 X8lOBg $90 M8lOBg $110 P8lOB5 $110 168, 169 

(Mounts in  8148 carr iage) K815B $265 RBI58 $265 I69 
872A $525 S870A $225 G870A $185 J870A $150 H870A $130 X-A $130 P870A $130 K870A $250 R870A $300 I87 

X88OA $130 P88OB $150 I87 
J885A $550 X885A $425 P885A $600 I88 

908A $35 S910A $75 G910A $65 J910A $45 H910A $40 X9lOB $35 P910A $40 I89 
S9l2A $200 X912A $75 I89 

906A S914A $100 G914A $75 J914A $70 H914A $60 X914L$50 M914B $65 P914A $55 K914B $250 R914B $250 I90 
X916B-E $125 190- 

S92OA $150 G920A $125 J920A $100 H920A $75 X920A $75 M920B $75 P920B $125 K920A $155 R920A $155 191 
X930 $160 191 

44265 $40 All Frequencies 170, 171 
444A f40 2.6 t o  18.0 GC 446B 1145 18.0 t o  40 GC 170 171 

-hp- 343A, 3456, 349A Noise Sources 

Rack mounted instrument avai lable fo r  $15.00 less. Copyright 1961 Healet t -Packard Co.-Printed in  U. S A.- 7000 - 3 6 1  . 150hf 4 
Registered Trademark of the Hewlett-Packard Company. 

Rack mounted instrument avai lable f o r  $5.00 extra. 

All data in this catalog subject t o  change without notice. 
Prices f.0.b. factory.  
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VMEC DIVISION OF @ 
Dymec Division of Hewlett-Packard designs and manufactures digital data 
systems, rf systems and special-purpose instruments. Its products range from virtu- 
ally standard catalog-type instruments to complex systems designed specifically 
to meet special customer requirements. A 16-page descriptive listing of Dymec 
systems and instrumentation appears on Pages 195-210 of this catalog. The com- 
plete list of Dymec Engineering Representatives appears on the inside back cover 
of this catalog. 

Further information and ordering details may be obtained from these Represen- 
tatives or by direct contact with 

DYMEC 
395 Page Mill Road, Palo Alto, California 
DAvenport 6-1755, Area Code 415, TWX PAL AL 117-u.  

I 

P A L 0  ALTO ENGINEERING COMPANY 

PAECO, a subsidiary of Hewlett-Packard, designs and manufactures precision 
magnetic components for all types of electronic instrumentation. These include 
transformers (power, pulse, audio, miniature, toroidal), inductors, delay lines, 
magnetic amplifiers, filters, wirewound variable resistors and solid state power 
supplies. Construction may be commercial, MIL-T-27A, epoxy molded plug-in 
or encapsulated. The entire PAE'CO operation is keyed for rapid service in 
developing specialized components to customer specification. Further information 
on instrumentation components for special application may be obtained by con- 
tacting PAECO direct at: 

PALO ALTO ENGINEERING COMPANY 
620 Page Mill Road, Palo Alto, California 
DAvenport 6-5 360, Area Code 41 5. 



S E RVlCE I N S T R  UCTlO NS 
(For Both Warranty and Non-Warranty Repairs) 

If there is an authorized @ sales office convenient to you, please contact 
them for prompt, factory-level assistance. Of coarse, Hewlett-Packard also 
stands ready to help you; just contact us. 

quiries directed to the Hewlett-Packard Company should be addressed to: 
To speed action and handling, repair and service replacement parts in- *' 

Customer Service 
HEWLETT-PACKARD COMPANY 
395 Page Mill Road, Palo Alto, California 
Telephone: DAvenport 6-1755 - T W X  No.: PAL AL 117-U 

Customers in Western Europe should address repair and service replace- 
Area Code 415 

ment parts inquiries to : 
HEWLETT-PACKARD S. A. 
Rue du Vieux Billard No. 1 
Geneva, Switzerland 
Telephone: No. ( 0 2 2 )  26. 43. 36 -Telex: No. 2. 24. 86 
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SUGGESTIONS FOR ORDERING 

Order by Model Number 
When you order, please specify the catalog model number 

and name of instrument desired. For example, “Model 400D 
Vacuum Tube Voltmeter.” To  prevent misunderstanding, 
include significant specifications and specific instructions in 
your order whenever you desire special options or special 
features such as special color, nonstandard power line volt- 
age, etc. 

Most Hewlett-Packard instruments are available in cabi- 
nets for bench use or with 19” panels for rack mounting. 
The letter “R” after the model number indicates a rack 
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. 

Where to Send Your Order 
Your order should be made out to the Hewlett-Packard 

Company and sent to Palo Alto, California, through your 
local @ representative (see inside of back cover) or directly, 
if you prefer. See additional information below if you are 
located outside the United States. 

Local Technical Assistance 
Technical assistance in selecting 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 world (see inside 
back cover for  names and addresses.) In addition, a staff of 
qualified engineers is maintained at @ offices in Palo Alto, 
California and Geneva, Switzerland, to supplement the serv- 
ices available from your local representatives. 

S h i ppi n g Methods 
Shipments to destinations within the United States and 

Western Europe are made directly 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, air 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.O.D., or on receipt 
of cash in advance. See additional information below if you 
are located outside the United States. 

Quotations and Pro Forma Invoices 
Upon request, quotations, or pro forma invoices, will be 

furnished to you by your local authorized @ sales office, the 
Hewlett-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 maintained 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- 
mer Service, Hewlett-Packard Company, 395 Page Mill 
Road, Palo Alto, California, phone: DAvenport 6-1755, 
before shipment for instructions. Please give model number, 
name, serial number, and as much other information as pos- 
sible concerning the reason for return. Non-warranty repairs 
are made at the cost of labor and materials, plus a small serv- 
ice charge. See page 5 for information on warranty repairs. 

Repair Parts 
Repair parts are ordered in the same way as instruments. 

Please identify parts 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 purchase date should also 
be given, if known. 

r‘ 
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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 representative (see inside back 
cover). Alternatively, 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 sales offices. 

If no @ representative or distributor has, as yet, been 
appointed for your area, your order should be placed di- 
rectly on the Hewlett-Packard Co., 1501 Page Mill Road, 
Palo Alto, California, 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 

Quotations and Pro Forma invoices 
FAS, CIF,-C & F, etc., quotations or pro forma invoices, 

as well as exportation assistance, are available on request 
from your local authorized @ sales office, the Hewlett-Pack- 
ard Co., Palo Alto, California, or Hewlett-Packard S. A., 
Geneva, Switzerland. 

require special export packaging at a nominal surcharge of 
$5.00 per instrument. 

Terms 
Terms for orders from countries outside the United States 

which are placed on the Hewlett-Packard Company, or Hew- 
lett-Packard S. A. are irrevocable letter of credit or cash in 
advance unless other terms have been arranged previously. 
Terms for orders placed on authorized Hewlett-Packard dis- 
tributors are mutually determined between the customer and 
the distributor. 

6 



OTHER HEWLETT-PACKARD 

PUBLICATIONS AVAILABLE 

TO YOU ON REQUEST 

TECHNICAL DATA SHEETS. On standard @ in- 
struments, these sheets contain essentially the same 
information as is given in this catalog. Where con- 
venience indicates a single sheet, however, or for up- 
to-date data on instruments developed after publica- 
tion of this catalog, TECHNICAL DATA SHEETS 
are useful. They may be obtained either from your 
local @ engineering representative, or by writing @ 
direct, attention Publications Section. 

1 

APPLICATION NOTES. One of the most popular 
series of publications in professional electronics. A 
series of over 50 APPLICATION NOTES describe 
measuring methods, techniques, eficient test instrument 
application. Many APPLICATION NOTES are refer- 
enced in this catalog; write the @ Publications Section 
for an index of all APPLICATION NOTES available, 
or for titles you desire; watch new literature announce- 
ments and @ advertising for announcements of other 
titles. 

H E W L ET T - PAC K A R D Ju.O U R N A L . Published 
monthly by the @ R & D laboratories, the HewleE- 
Packard Journal is the most widely distributed publi- 
cation in electronics. It is devoted to detailed, academic 
discussion of new measuring approaches, most produc- 
tive methods of employing test instrumentation, latest 
instrumentation for complex as well as routine meas- 
urements. For your free subscription simply write on 
your letterhead to Hewlett-Packard Journal, Hewlett- 
Packard Company, 1501 Page Mill Road, Palo Alto, 
California. 

A ~ c a  mqUcnw Tmc S i i n d d  
x,h I LO /mj si ibio 

. > *  
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ABOUT 
HEWLETT- PACKARD 

The Hewlett-Packard Company was founded in 1939 in 

Palo Alto, California. The first Hewlett-Packard product was 

a new kind of instrument - a resistance capacity audio oscil- 

lator. Hewlett-Packard pioneered the resistance capacity cir- 

cuit which is now an accepted standard for test oscillator 

design. 

During the past two decades, the Company has steadily 

broadened the instrument line, and now over 400 basic test 

instruments are manufactured. Among the more important 
types are oscilloscopes, audio oscillators, voltmeters, noise 

and distortion analyzers, signal generators, power meters, 

electronic counters and a complete avay of waveguide and 

coaxial instrumentation for microwave work. Approximately- 

2600 men and women are now regularly employed, and al- 

most 200 field representatives sell and service @ instruments 

in the United States, Canada and overseas. 

Behind every @ instrument is a basic philosophy govern- 

ing equipment design, manufacture, sales and service. This 

philosophy specifies that there shall be built into each @ in- 

strument the greatest possible usefulness, accuracy, conven- 

ience, dependability and dollar value. Further, each instru- 

ment must make a contribution to the art of measurement, or 
it is not offered. 
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Consistently, Hewlett-Packard insures that these standards 
are met. Every effort is made to provide the best engineering 
staff possible, and to pursue the most up-to-date manufac- 
turing methods. 

This means not only modern techniques, but modern ma- 
chinery. Hewlett-Packard's manufacturing departments are 
equipped with the newest and finest machinery obtainable for 
the job. Typical of this equipment is a highly efficient, tape- 
controlled milling machine which automatically performs 
several machining operations on complicated mechanical 
parts. Other examples include a vacuum die-caster for speed- 
ing production of precision die-cast parts, a specialized turret 
press punching many instrument chassis perforations with a 
single setup, a fully-equipped machine shop, and a complete 
plastic molding department to fabricate components. 

In addition to the different types of commercial machinery, 
a number of special devices developed by @ engineers are in 

daily use. Some of these were developed to meet unusual 
manufacturing problems; others were "imagineered" to make 
some special part better, faster, or at lower cost. They include 
such ingeniously simple units as the Lazy Susans shown at 
right, a semi-automatic device reducing reticule scribing time 

from 45 to 2 minutes, and a jumper-twister machine twisting 
up to 4 pre-cut wires at once. 

The new Hewlett-Packard plant at Stanford Industrial Park is en- 
gineered to be the most efficient yet thoroughly livable electronic 
manufacturing facility known. Housing Hewlett-Packard's engineer- 
ing, manufacturing and administrative headquarters, it consists of 
four two-story buildings and a large underground storage area, total- 
ing approximately 400,000 square feet. Additional @ manufacturing 
and service facilities are maintained at the "old" (1954) Palo Alto 
plant now principally occupied by Hewlett-Packard's Dymec systems 
division, Other !?$ manufacturing facilities are now in operation at 
Loveland, Colorado (near Denver) and at Boblingen, in Germany. 

AUTOMATIC MILLING MACHINE, programmed on  tape,  
mills, drills, reams, taps, bores with utmost precision-unattended 
except by complex electronic control system. 

U' 

TWO @ INNOVATIONS. "Roller skate" conveyors expedi te  
handling of assemblies between stations; rotating "Lazy Susans" 
mount quantities of resistor boards for rapid wiring. 

9 



The Hewlett-Packard production policy is also somewhat different from that em- 

ployed elsewhere. Instruments are manufactured in “runs,” and actual fabrication is 

preceded by careful planning to insure that all parts are available and supplied as needed 

to keep the runs progressing smoothly. As many as thirty runs are normally in progress 

simultaneously, yet production schedules are kept flexible to permit meeting special 

orders or unusual delivery requirements involving substantial numbers of instruments. 

Short delivery cycles are normally maintained. Another unique aspect of the Hewlett- 

Packard manufacturing process is the use of the “Product-Centered” approach as opposed 

to the conventional “Process-Centered” method. “Product-Centered” means that a group 

of people and equipment produces a given group of instruments from prefabrication 

through assembly, wiring and testing. This results in intimate familiarity on the part of 

employees with the finished instrument. It leads to a more critical self-inspection of 

work, a greater desire to excel, and makes possible a “hand-crafted” operation combining 

the best quality aspects of the “small company” approach with “big company” economies 

to the user. 

To make sure you always receive latest data from @ representatives, 
@ development engineers take new equipment immediately to  
representatives‘ organizations, explain theory, operation and appli- 
cation to field engineers. 

Location of the @ plants is Palo Alto, California. Administrative. 
engineering, manufacturing, purchasing and personnel headquarters 
are at the new Stanford plant. @ plants may be reached by Southern 
Pacific commuter train to California Avenue station (South Palo 
Alto),  by Greyhound bus or by automobile via Bayshore Highway, 
U, S. 101 Alternate. Plant is approximately 2 5  minutes driving time 
from San Francisco airport, 40 minutes from downtown San Francisco. 
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In sales and service, Hewlett-Packard makes a particular 
effort to provide customers with every assistance that will 
make the use of @ instruments more efficient and productive. 
Factory-trained field engineering representatives provide 
prompt, on-the-job consultation as well as operating and 
repair information. These men are constantly supplied with 
the latest in technical data and measurement technique, and 
are in almost daily contact with the plant at Palo Alto. On 
numerous occasions each year, members of the sales organiza- 
tion meet for one week at Palo Alto for new-information and 
retraining seminars which include not only theory but actual 
“field problem” measuring with @ instruments and allied 
equipment. On additional occasions, @ representatives return 
to the plant for special training or instruction on new instru- 
ments and measuring methods. 

In addition to rigid standards of instrument quality, the 
best engineering and manufacturing possible, and thorough 
field engineering service, there is one more aspect of Hewlett- 
Packard which deserves mention here. 

Through the years, there has come into being a definite 
attitude on the part of @ people toward the development, 
manufacture and service of @ instruments. This attitude is 
best described as a genuine and pervasive team spirit, a spirit 
of cooperation coupled with a common desire to excel. @ 
people are proud of the quality and the utility of the instru- 

@ representatives will gladly demonstrate @ equipment on your 
bench; or, you may wish to view the latest in precision instrumenta- 
tion at @ exhibits in leading electronic shows. 

ments they design, make and sell. This spirit translates itself 
continuously into better engineering, better manufacturing, 
and better service. 

The net result to you is good instruments - the best pos- 
sible, with broadest applicability and the lowest price con- 
sistent with quality. Dependable instruments that are not only 
the best dollar value when purchased, but the best invest- 
ment for the future. @ instruments - the standard of the 
electronic test equipment field. 





OSCILLOSCOPES 

An oscilloscope is an instrument de- 
signed to display a wide variety of elec- 
trical signals on the face of a cathode 
ray tube. In the CRT, an electron beam, 
whose position is precisely controlled 
by horizontal and vertical deflection 
plates, activates the phosphor which 
emits light. A visible representation of 
the signal as a function of time is 
formed by moving the beam vertically 
in accordance with the signal while 
moving the beam at a uniform rate 
from left to right. The uniform left to 
right movement of the beam is con- 
trolled by applying a sawtooth voltage 
to the horizontal deflection plates. The 
simplified block diagram of Figure 1 
illustrates the basic circuit functions of 
a typical oscilloscope. 

Figure I .  Simplified Block Diagram. 

Operation 

The input signal, amplified by the 
vertical amplifier and applied to the 
CRT vertical deflection plates, moves 
the beam vertically. The amplifier gain 
is set so that a certain input voltage, say 
10 millivolts, causes 1 cm deflection of 
the beam on the face of the CRT. Lower 
sensitivities, such as 20 mv/cm, 50 mv/ 
cm, etc., are achieved by placing a cali- 
brated attenuator ahead of the vertical 
amplifier, or by reducing the amplifier 
gain. 

A portion of the input signal (in- 
ternal sync) or a related external signal 
is connected to the sync and sweep cir- 
cuits. Here a recurrent sawtooth signal, 
locked in frequency to the input signal 
or a submultiple of it, is created. This 
sawtooth, or sweep signal, is applied to 
the horizontal amplifier and drives the 
horizontal deflection plates. 

A suitable regulated power supply, 
with appropriate high voltage provis- 
ion for CRT cathode, intensity grid, 
and focusing anodes completes the es- 
sential oscilloscope elements. 

Types of Measurements 

General 
When the oscilloscope is utilizing the 

internal sweep circuit to drive the X 

axis, voltages are displayed as they vary 
with time. Time intervals between 
pulses or between various portions of a 
waveform are easily measured, as is fre- 
quency or period of a recurrent wave- 
form. 

The oscilloscope may also be driven 
with an external X-axis voltage to pro- 
vide Lissajous patterns for frequency, 
time, or phase comparisons of two sig- 
nals. 

Pulse Testing 

Many electronic systems employ sig- 
nals that are fundamentally transient in 
nature - pulses, square waves, and 
steps. Digital computers, high speed 
switching networks, television, radar, 
and PCM communications equipment 
are among the important circuits in this 
category. An oscilloscope is an indis- 
pensable tool for the design, produc- 
tion, and maintenance of such circuits 
since the actual waveforms must be ob- 
served in detail to determine proper 
circuit operation, 

Even in systems that are primarily 
designed to handle sinusoidal signals, 
it is frequently faster and more con- 
venient to test system response with 
pulses.’ 

Because of the Fourier transform re- 
lationships between the transient re- 
sponse of a system and its frequency 
and phase characteristics, it is possible 
to optimize overall system response by 
optimizing the transient response. For 
example, if the transient for a desired 
frequency and phase characteristic is 
known, the actual transient response 
may be adjusted to the desired one by 
altering the circuit while observing the 
response on an oscilloscope. 

A dual channel oscilloscope is par- 
ticularly useful for pulse testing since 
the system output can easily be com- 
pared with the input. 

A typical pulse, or amplifier response 
to a pulse, is shown in Figure 2. 
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DECAY TtME RtSE TIME 

Figure 2. Pulse definitions. 

The important characteristics are as 
follows : 

Rise Time: t,, is the time between the 
10% and 90% amplitude levels on 
the leading edge of the pulse. 

Fall Time: tf ,  is the time between the 
90% and 10% amplitude levels on 
the trailing edge of the pulse. 

Pulse Width: t,v, is the time between the 
50% amplitude point on the leading 
edge and the same amplitude point 
on the trailing edge, 

Overshoot and Ringing: Overshoot is 
generally considered to be a damped 
oscillation occurring on the leading 
“corner” of the pulse. The amount 
of overshoot is expressed as a per- 
centage of the 100% pulse amplitude. 
Overshoot is usually called ringing 
when more than 2 or 3 cycles of 
oscillation exist. 

Droop: The amount of droop, tilt, or 
sag is a measure of the low frequency 
response of a system. It is often ex- 
pressed as a percentage of the 100% 
pulse amplitude. This percentage, of 
course, will vary with pulse width 
even though the system remains un- 
changed. 

Other pulse-response characteristics 
may be useful when testing ,specific 
circuits or components. When testing 
transistors, for example, the TURN ON 
DELAY and STORAGE TIME can be 
quite meaningful. TURN ON DELAY 
is usually defined as the time between 
the point at which the leading edge of 
the test pulse reaches 10% amplitude 
and the point where the output from the 
circuit under utest reaches 10% ,ampli- 
tude. STORAGE TIME is similarly $e 
fined as the interval between the point 
at which the trailing edge of the test 
pulse reaches 90% amplitude and the 
point at which the output from the test 
circuit reaches 90%. 

Rise Time and Bandwidth 
.35 A useful relationship t, E __ B W  

exists between the rise time of an am- 
plifier and its bandwidth, provided the 
overshoot is less than 5 % ,  where t, is 
the rise time in microseconds and B W  
is the bandwidth in megacycles. For ex- 
ample, if BW = 30 MC, t , E  1 2  na- 
noseconds. 

In general, it is good practice to use 
a test pulse generator and an oscillo- 

’See $4 Application Note 17. 
- 
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scope which have rise times an order of 
magnitude faster than the system being 
tested. However, when observing very 
fast signals it is often impossible to 
neglect the rise time of the test pulse 
and oscilloscope. If the test pulse and 
oscilloscope rise times are not negli- 
gible, the following approximation is 
useful: 
t, observed = 

r/ ( t r ) ’  + ( t r . ) ’  + ( t P ) a  

input pulse system oscilloscope 

Selecting an Oscilloscope 

General 

Two important considerations in 
selecting an oscilloscope are the band- 
width and sensitivity. The bandwidth 
must be sufficient to display the highest 
anticipated frequency and the corre- 
sponding rise time sufficiently fast to 
provide an undistorted view of the 
fastest anticipated pulse. Oscilloscope 
sweep speeds should be commensurate 
with the rise time for viewing the fastest 
signals. 

The sensitivity must be sufficient to 
provide a usable size display with the 
smallest signals anticipated. If high im- 
pedance 10:1 divider probes are to be 
used, the sensitivity may have to be cor- 
respondingly higher. 

Also of importance is the decision 
regarding a single channel or dual chan- 
nel approach. For example, relative 
phase can be measured on a single chan- 
nel oscilloscope through the use of Lis- 
sajous Figures, or on a dual channel 
oscilloscope by presenting both signals 
simultaneously and measuring the time 
between zero-axis crossings of the same 
slope. 

A single channel oscilloscope is use- 
ful for viewing one waveform as a 
function of time or for making phase 
and frequency measurements using Lis- 
sajous Figures. 

A dual channel oscilloscope is indi- 
cated whenever time is the important 
parameter or where two related wave- 
forms are to be compared. 

In the low frequency area the selec- 
tion involves the choice between @ 
120A (single channel) and the 122A 
(dual  channel) oscilloscopes. ( S e e  
pages 16-18.) In the high frequency 
area the choice is simply the selection 
of the appropriate @ plug-in amplifier. 

In the latter case, it is often desirable 
to have several plug-ins, each best suited 
for a specific set of measurement re- 
quirements. Other considerations, such 

as the need for operation in an adverse 
environment (where @ 16OB and 170A 
militarized oscilloscopes shown on 
pages 24-27 excel) or the need for 
sweep delay and other special features, 
may also have a bearing on the selection 
of an oscilloscope. 

Hewlett-Packard offers oscilloscopes 
to meet a wide variety of applications. 
At present there are 7 different oscil- 
loscopes available in either cabinet or 
rack mounting. In addition, four of 
these oscilloscopes may be equipped 
with a wide variety of plug-ins to in- 
crease their versatility. 

Ultra High Frequency 
Oscilloscope 

($3 185A Oscilloscope (pages 28-30), 
combined with Model 187B Plug-in 
Amplifier is an ultra high speed oscil- 
loscope employing sampling techniques 
to achieve a bandwidth of 1,000 mega- 
cycles and a corresponding rise time of 
less than 0.4 nanoseconds, while retain- 
ing most of the convenient features and 
ease of operation of a conventional low 
frequency oscilloscope. 

Calibrated vertical sensitivities, from 
10 mv/cm to 200 mv/cm are provided 
by means of a 5 step attenuator. A ver- 
nier permits continuou adjustment of 
sensitivity between ranges and increases 
maximum sensitivity to 3 mv/cm. ($3 
187A-76C 10:1 divider permits view- 
ing of signals up to k 2 0  volts peak in 
amplitude. Horizontal sweep speeds are 
provided in 4 steps from 100 nano- 
seconds/cm to 10 ns/cm. A 100-times 
magnifier and vernier control increases 
fastest sweep to 0.03 ns/cm (approxi- 
mately the speed of light). A delay con- 
trol permits viewing of any portion of 
the unmagnified sweep. 

Other features of Model l85A in- 
clude wide dynamic range, high sen- 
sitivity, dual channel operation, and 
separate output for making X-Y record- 
ings. A large group of specially de- 
signed accessories is available to fur- 
ther increase the number of applications 
for which @ 185A can be used. 

Operation Described 

T h e  first  step in building the 
185A’s cathode ray tube picture is to 
apply a staircase voltage to step the 
beam across the CRT face. (Figure 3 . )  

Figure 3 

Next, input voltage samples, each 
taken from successive points on the 
waveform, are fed through the vertical 
amplifier to the scope face. 

Now, between the 
staircase steps, the 

beam that comes the is a blanked signal series be- of so 0 
dots. (Figure 4.) In e o  0 .  

operation, many dots 
are present, and the 
pattern appears con- Figure 4 
tinuous. 

A basic element of the sampling 
technique as here applied is the incre- 
mental delay of each sampling pulse - 
such delay insuring that a different or 
successive portion of the wave is ex- 
amined each time. 

h ;  I !  h ~ h 
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QULK 

Figure 5 

Figure 5 illustrates this delay process. 
SO that the entire signal under examina- 
tion is scanned, each succeeding sample 
is gated at a slightly later point along 
the waveform. Each time such a sample 
is taken the “spot” on the CRT is moved 
horizontally along the waveform. Thus, 
a complete picture of a repetitive high 
speed signal is synthesized by a build-up 
of image-retaining “dots” on the scope 
face. 

High Frequency 
Oscilloscopes 

Models 17;A and 160B (pages 24- 
27), are extremely rugged, general duty 
30 and 1 5  MC oscilloscopes meeting 
MIL standards for shock, vibration, 
humidity, temperature and RFI. Guid- 
ing specification is MIL-E-16400; full 
environmental test details are available 
on request. 

Model 170A achieves 30 MC band- 
width capability without the use of a 
complex distributed amplifier and ad- 
justable delay line system. Simple triode 
amplifier stages provide a great simpli- 
fication in the calibration and main- 
tenance of the instrument. 

Model 162A Dual Trace Amplifier 
offers unusually high sensitivity of 20 
mv/cm while providing 24 MC band- 
width in Model 170A and 14 MC in 
Model 16OB. 
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Model 162F Fast Rise Amplifier 
utilizes full bandwidth capability of the 
@ 170A and l6OB oscilloscopes. Band- 
width is 30 MC with the 170A; 1 5  MC 
with the 16OB. 

Model l66D Sweep Delay Gener- 
ator (Pages 24-27) adds full sweep de- 
lay capabilities to either the 170A or 
l6OB when plugged into second plug- 
in “pocket.” In normal operation, this 
unit establishes the time interval be- 
tween the sync pulse and the start of 
the main sweep. It can also be used as an 
auxiliary sweep generator in place of 
the main sweep. In a third mode of 
operation, it provides a unique mixed 
sweep feature which permits detailed 
study of part of a wavetrain while re- 
taining a presentation of earlier por- 
tions. 

Model l66C Display Scanner pro- 
vides outputs from either the 170A or 
160B to duplicate the trace on an X - Y  
recorder. Through the use of sampling 
techniques, fast, repetition waveforms 
are “slowed down” to drive the con- 
ventional X-Y recorders such as the 
Moseley Autograf Models 3 s  or 2D. 

A third plug-in of the 166 series is 
@ 166B Time Mark Generator which 
provides intensity markers at 0.1 psec, 
1 p e c  and 10 p e c  intervals, accurate 
to I+ 1 %. Markers are useful for check- 
ing sweep calibration and for conven- 
ient reference on scope photographs. 
The markers are also available to oper- 
ate external circuitry. 

Model 150A (pages 22, 23) is a dc 
to 10 MC instrument for general labor- 
atory use. In addition to @ automatic 
triggering, the 150A offers a single shot 
sweep which may be reset electrically or 
manually. There are 24 direct reading 
calibrated sweeps providing sweep 
times from 0.1 psec/cm to 5 sec/cm. 

A series of plug-in amplifiers extend 
the versatility of the 150A. Briefly, 
these include a high gain amplifier 
providing sensitivity from 5 mv/cm to 
50 v/cm, a dual trace amplifier provid- 
ing differential input and dual traces, 
a very high gain amplifier providing 
sensitivity from 1 mv/cm, to 1 2 5  v/cm, 
and a current probe plug-in. Details of 
these plug-ins appear on pages 22  and 
23. 

Low Frequency Oscilloscopes 

Hewlett-Packard offers three low fre- 
quency oscilloscopes, Models 120A, 
122A and 130B. 

Model 120A (pages 16-18) is a dc to 
200 KC instrument with a maximum 
sensitivity of 10 mv/cm. 

Model 122A (pages 16-18) is a dc 
to 200 KC dual trace instrument that 
permits the viewing of two phenomena 
simultaneously. The 122A has 10 mv/ 
cm maximum sensitivity. 

Model 130B (pages 20, 2 1 )  is a dc 
to 300 KC oscilloscope. The 130B has 
a maximum sensitivity of 1 mv/cm per- 
mitting the viewing of phenomena from 
many transducers without preamplifi- 
cation. 

Oscilloscope Camera 

Full-size, distortion free, flat photo- 
graphs of oscilloscope traces may be 
made quickly and simply with the @ 
196A Oscilloscope Camera. This in- 
strument, employing a Polaroid@ Land 
Camera back, takes sharp pictures in 
which an 8 x 10 cm graticule fills the 
full film area. The camera may be 
mounted on the oscilloscope by a “one- 
hand” clamp mount with quick-lock 
tab; thereafter, it is not necessary to 
remove the camera to change the shutter 
or lens settings. 

Multiple exposures are simple; a one- 
hand adjustment moves the lens 
through 11 detented positions. Use of a 
professional camera bellows prevents 
light leaks. Tab pulling is simple due 
to the sturdy construction and mount- 
ing.  I n  addition to conventional 
Polaroid@ Land Camera prints, Model 
l96A also makes transparencies for 
slides and reproduction. For complete 
details of Model 196A Oscilloscope 
Camera, see page 31. 

Further information on oscilloscopes 
and pulse testing is contained in @ 
Application Notes 17 and 44A, B and 
C, available on request. 

ABOUT CRT PHOSPHORS 

Four di f ferent phosphors are commonly used 
in oscilloscopes, and are avai lab le on Hewlet t -  
Packard instruments. 

Each of  these phosphors has specific charac- 
teristics which g ive it, and hence the oscil lo- 
scope, maximum usefulness in  a given appl ica-  
tion. 

The four phosphors and their basic character- 
istics are: 

PI-An ideal  phosphor for visual observation 
and can be used for photography. The PI has a 
br i l l i an t  green trace with medium persistence 
and is supplied wi th a green fi l ter. It is most 
resistant t o  burning. 

P2-A versati le phosphor for  general visual 
observation and also suitable for  photography. 
It i s  excellent for  viewing fast pulses wi th fast 
sweeps. It i s  characterized by  a short persist- 
ence blue green fluorescence and a long per- 
sistence yellow green phosphorescence. For 
general use, a green f i l ter  i s  suppl ied with the 
P2. A yellow fi l ter, however, accentuates the 
long persistence characteristics. P2 i s  some- 
what sensitive t o  burning. 

P7-A dual phosphor excellent for  viewing 
non-repetit ive and slow phenomena. It i s  char- 
acterized by  a short persistence blue-white 
fluorescence and  a long persistence yellow 
phosphorescence. Short and long persistences 
are widely enough separated so that f i l ters are 
effective and a short o r  a long persistence can 
be selected. An amber f i l ter  i s  supplied with 
the P7 and a blue f i l ter  i s  available. The tube 
i s  excellent fo r  photography when used with 
the blue f i l ter .  It i s  also more sensitive t o  burn- 
i n g  than the other phosphors. 

PI I-Best phosphor for  photographing non- 
repet i t ive phenomena because it emits intense 
blue l igh t  for  r a p i d  exposure of  f i lms o r  plates. 
The P I  I has a short persistence b lue trace, and  
therefore, i s  suppl ied wi th a blue fi l ter. The 
P I 1  i s  also sensitive t o  burning. 

Primary Specifications of Hewlett-Packard Oscilloscopes 

170Af162F No 

1608/162A Yes 0.025 f l  0.02-20 J~,, 7 ;:;gs, T=s; Yet 2.200.00 
l6OB/162F No 0.023 f l  0.05-20 (3) I.995.00 

150Af152B Yes I O  MC 0.035 pt 0.05-20 141s-5 s/cm ’ \:;g9 Yes No No 1,550.00 

1308 No 300 KC 1.17 pd 0.001-50 I @ s A a / c m  x5 No No No 650.00 

122A Yes 200 KC 1.75 f l  0.01-10 5 @.2s/cm X5 No No, No 675.00 

120A NO 200 KC 1.75 pi  0.01-10 5 r c 0 . 2 s / c m  X5 No No No 450.00 
- -c 

(I) Can be obta ined w i th  separate opt ional  delay l ine, Mode l  AC-16V. ( 2 )  Requires 
Sweep Delay Generator, Mode l  166D. (3) Requires Display Scanner, Mode l  166C. 
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@ lPOA/AR 200 KC OSClL C 

Quality Production or Lab Instrument at Lo 



Both Oscilloscopes Opposite Have These Practical Advantages: 

Simple operation, easily used by non-technical personnel 

Direct reading calibration, automatic trigger, automatic baseline 

“Times-5 ” sweep expander ; linear integrator for accurate sweeps 

Built-in amplifier calibrator assuring accurate voltage measurements 

High quality 5” cathode ray tube for sharp, clear trace 

Slow sweep speeds for medical or mechanical work 

Fast sweep speeds for measuring transients 

And in Addition Dual Trace Model 1 2 2 A / A R  Offers: 

Simultaneous comparison of two signals 

Twin vertical amplifiers, each usable separately 

Alternate and chopped presentation, differential input 

Uses: 

Measure complex voltages, stress, strain, vibration analysis, pressure, flow, displacement, 
other phenomena through proper transducers 

and . . . 
with @ 122A, also compare amplifier, filter input and output directly, use with vibration 
testing apparatus; study filter and amplifier characteristics 

Models 120A and 122A are basically similar dc to 200 
KC oscilloscopes, but Model 122A offers the added versatil- 
ity of twin vertical amplifiers and dual trace operation. 

Both are offered in either cabinet or rack mount styles, 

calibrator accurate to within +- 2 %  quickly verifies vertical 
amplifier sensitivity. 

Accurate phase shift measurements are also easily avail- 
able with the 120A. Relative phase shift between the vertical 

and both represent outstanding values in multi-purpose pre- and horizontal amplifiers is less than 20  at 100 KC. 
cision instruments suitable for either laboratory or produc- u‘ 

tion work. 
An importaut aspect of both oscilloscopes IS calibrated 

performance in a rugged instrument that IS simple enough 
f o r  use by aon-technical personnel. 

For example, there are no trigger controls to mis-set. The 
operator merely connects the synchronizing signal and a 
stable, steady trace appears. This same universal trigger elim- 
inates “hunting” for the spot; it also establishes a baseline 
when the sync signal is disconnected, This automatic base- 
line may be over-ridden, however, by a front panel screw- 
driver adjustment and a +- 10 volt external trigger level 
established. 

A further feature of both Models 120A and 122A is the 
Type 5AQP1 cathode ray tube which requires no astigma- 
tism adjustment and is always in sharp focus over its full 
face. 

Accurate, Calibrated Amplifiers 

@ 120A makes accurate voltage measurements on all 
types of waveforms easily because the oscilloscopes’ ampli- 
fiers are calibrated and accurate to within t 5 7 0 .  A built-in 

Special Features of Model 122A/AR 

In the dual trace Model 122A/AR, the twin vertical am- 
plifiers may be operated in four modes-independently, dif- 
ferentially on all ranges, alternately on successive sweeps, or 
electronically switched at a 40 KC rate. 

AC or D C  Coupled 

Input and output signals of amplifiers, filters and simjlar 
networks can be viewed simultaneously and transmission or 
rejection characteristics seen immediately. Since dc, coupling 
is available, very low frequency square waves may be iised 
for testing; or the instrument may be ac coupled to eliminate 
an unwanted dc signal. In vibration studies, more rapid anal- 
ysis is possible since both the vibration pattern and the driv- 
ing source-waveform may be seen at the same time and in 
relation to each other. 

Phenomena from many transducers may be viewed with 
@ 122A since it will accept either single-ended or balanced 
input signals on all vertical amplifier ranges. For balanced 
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input, a front panel switch connects the output from both 
vertical sensitivity switches to one amplifier so that differen- 
tial and balanced signals may be examined. Since each atten- 
uator operates independently, signals of differing amplitudes 
may be studied. Further, undesirable common mode signals 
such as hum are attenuated and only the difference signal is 
amplified. 

” T i m e s - 5“ Sweep Ex pan d e r 

A special convenience feature of both Models 120A and 
122A is the “times-5” sweep expander. This circuit speeds 
observation and analysis of transients by expanding any 2 
cm segment of a trace to 10 cm. It can be used on all sweep 
time settings and expands the instrument’s fastest sweep time 
to 1 pseclcm. 

Models 120A and 122A are available in a convenient por- 
table cabinet, or in rack mount configuration as Models 
120AR and 122AR. The rack mount versions measure only 
7” high and can be supported on a standard 19” relay rack 
by the sturdy front panel. 

Spec if i cat i o ns 
Models 120A/AR, 122A/AR 

Sweep 
Sweep Range: 1 5  calibrated sweeps, accurate to within 
f 5 % ,  in a 1-2-5-10, . . , sequence, 5 pec/cm to 200 
millisec/cm. Vernier permits continuous adjustment of 
sweep time between calibrated steps and extends the 
200 milhec/cm step to at least 0.5 sec/cm. 

Sweep Expand: X5 sweep expansion may be used on all 
ranges and expands fastest sweep to 1 pec/cm. Expan- 
sion is about the center of the CRT and expanded sweep 
accuracy is t 10%. 

Synchronization: Automatic from 50 cps to 250 KC; inter- 
nally from vertical deflection signals causing 0.5 cm or 
more deflection; externally from 2.5 volts peak to peak; 
or from line voltage. Use of level control extends sync 
range to 10 cps. 

Trigger Point: Automatic. Control overrides automatic and 
permits the trigger point to be set between -10 and + 10 volts. Turning fully counter-clockwise into AUTO 
restores automatic operation. 

Vertical Amplifiers 

Bandwidth: DC coupled; dc to 200 KC. AC coupled: 2 
cps to 200 KC. Bandwidth is independent of calibrated 
sensitivity setting, 

Sensitivity: 10 millivolts/cm to 100 volts/cm. 4 cali- 
brated steps accurate within =t 5 % ,  10 mv/cm, 100 
mv/cm, 1 v/cm and 10 v/cm. Vernier permits continu- 
ous adjustment of sensitivity between steps and extends 
10 v/cm step to at least 100 v/cm. 

Internal Calibrator: Calibrating signal automatically con- 
nected to vertical amplifier for standardizing of gain, 
accuracy t 2%.  

Input Impedance: 1 megohm, approximately 50 pf shunt 
capacitance. 

Phase Shift: Vertical and horizontal amplifiers have same 
phase characteristics within f 2 O  to 100 KC when 
verniers are fully CW. 

Balanced Input: On 10 mv/cm range on both amplifiers. 
Input impedance, 2 megohms shunted by approximately 
25 pf. Common signal rejection is at least 40 db. Com- 
mon signal must not exceed f 3 volts peak. 

Difference Input (Model 122A only): Both input signals 
may be switched to one channel to give differential in- 
put on all vertical sensitivity ranges. The sensitivity 
switches may be set separately to allow mixing signals 
of different levels. Common signal rejection is at least 
40 db with both switches on most sensitive range, 30 
db on other ranges. 

Vertical Presentation (Model I 2 2 A  only): Switch selects: 
A ONLY, B ONLY, B-A, ALTERNATE or CHOP- 
PED. 

Horizontal Amplifier 
Bandwidth: DC coupled: dc to 200 KC. AC coupled: 2 cps 

to 200 KC. Bandwidth is independent of calibrated sen- 
sitivity setting. 

Sensitivity: 0.1 v/cm to 100 v/cm. 3 calibrated steps, ac- 
curate within -+ 5 % )  0.1 v/cm, 1 v/cm, and 10 v/cm. 
Vernier permits continuous adjustment of sensitivity be- 
tween steps and extends 10 v/cm steps to at least 100 
v/cm. 

Input Impedance: 1 megohm, nominal, shunted by ap- 
proximately 100 pf. 

Phase Shift: Horizontal and vertical amplifiers have same 
phase characteristics within 2 O  to 100 KC. 

G e n e ral 
Cathode Ray Tube: 5AQP1 mono-accelerator normally 

supplied; 2,500 volt accelerating potential. P7 and P I 1  
phosphors are also available. P2 is available if desired 
for special applications. 

CRT Bezel: Light proof bezel provides firm mount for 
oscilloscope camera and is removed easily for quick 
change of filter. 

CRT Plates: Direct connection to deflection plates via ter- 
minals on rear. Sensitivity approximately 20 v/cm. 

Intensity Modulated: Terminals on rear. + 20 v to 
blank trace of normal intensity. 

Filter Supplied: Color of filter compatible with CRT 
phosphor supplied: Green with P I  and P2. Amber 
with P7. Blue with P11. 

Illuminated Graticule: Edge lighgd with controlled illu- 
mination, 10 cm x 10 cm, marked in cm squares. M a j o r  
horizontal and vertical axes have 2 mm subdivisions. 

Dimensions: Cabinet Mount: 93/4” wide, 15%” high, 
2 0 x f f  deep. Rack Mount:  19” wide, 7“ high,  
20-11/16’f deep. 19-7/16” deep behind panel. 

Weight: Cabinet Mount: Net 34 Ibs. Shipping 43 Ibs. 
Rack Mount: Net 32 lbs. Shipping 48 Ibs. 

Power: 115/230 v f lo%,  50/1,000 cps; approximately 
150 watts for 122A, 130 watts for 120A. 

Accessories Available: AC-83A Viewing Hood, face- 
fitting molded rubber, $5.00. 

Price: 
@ 120A or 120AR (cabinet or rack model), $450.00. 
@ 122A or 122AR (cabinet or rack model), $675.00. 

NOTE : IHstrument normally supplied with P1 phosphor. 
When ordering P2, P7 or P11, specify by adding phosphor 
number after @ model number (Le.: @ 122AR-11). 
Phosphor P2 is not recommended for general purposes. 

Data subject to change without notice. 
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@ AC-67C 

@ AC-2 I J / 

@ AC-21 PROBES, ACCESSORIES 

Voltage Divider Probes 

Slim, pen-style @ AC-21A and AC-21C are compensated 
voltage divider probes designed to work into 1 megohm 
shunted by not more than 100 pf. Model AC-21A has a 10:1 
division ratio and an input impedance of 10 megohms 
shunted by 10 pf. Model AC-ZIC has a 50: l  division ratio 
and an input impedance of 9 megohms shunted by 2.5 pf. 
Both probes are useful from dc to more than 30 MC. Re- 
sponse is down 0.5 db or less at 30 MC. Their high input 
resistance and low shunt capacitance make them useful for 
reducing circuit loading of oscilloscopes, voltmeters and 
electronic counters, as well as for attenuating signals. Model 
AC-21A, $30.00, Model AC-21C, $30.00. 

Current Probe, Termjnations 

@ Model AC-2 1F “clamp-around” probe permits meas- 
urement and observation of ac currents and pulses in circuits 
without breaking the circuit or inserting a resistor. The probe 
clamps around a wire and forms a transformer with a single- 
turn primary. DC current up to 0.5 amp has no appreciable 
effect on probe’s operation. Price, $~oo.OO. 

Two 100-ohm terminations are available for use with the 
AC-2 I F  Current Probe: Model AC-67B Feed-Through Ter- 
mination, 2,500 cps to 30 MC bandpass, $17.50; Model AC- 
67C Compensated Termination, 1,400 cps to 30 MC band- 
pass, $30.00. 

Low Frequency Probe 

@ Model AC-21 J Low Frequency Probe provides straight- 
through connection between circuit test points and voltmeters, 
ohmmeters, oscilloscopes. Small size and push-button jaws 
make it ideal for use in tight places, on small contact points. 
Maximum input voltage is 600 v peak (dc + peak ac) , aad 
shunt capacity is approximately 150 pf. Price, $9.00. 

@ AC-1156 Oscilloscope Testmobile 

More convenient viewing and greater mobility for @ 
oscilloscopes are provided by this sturdy, attractive cart, also 
usable with other instruments of suitable dimensions. 
Mounted on the cart, instruments tilt up to 30” in 7%” 
increments. 

The @ 115B Testmobile rolls easily on large, 4” rubber- 
tired wheels. Construction is of rugged %’’ chrome plated 
tube stock. Overall size of the cart (less oscilloscope) is 40” 
high x 25~7/16“ wide x 29” deep. It weighs only 28 lbs. 
and folds compactly for shipment or storage. Price, $85.00. 

Data subject to chaizge without notice. 
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@ 130B/BR 300 KC OSCILLOSCOPE 

Versatile, Dependable Laboratory, Production Oscilloscope 

Advantages: 

Extreme operating dependability 

Brilliant, high resolution trace 

Automatic triggering system 

Sensitivity 1 mv per centimeter 

High stability, unique versatility 

High gain, balanced input 

2 1  calibrated sweeps; direct reading 

Wide pass band, dc to 300 KC 

Similar vertical, horizontal amplifiers 

Uses: 

Provides new convenience in evaluating complex 

This oscilloscope is actually the first commercial instru- 
ment to combine three basic features you want most-broad 
usefulness, simple operation, and the degree of dependability 
you expect from time-tested @ instruments. 

Covering frequencies from dc to 300 KC, @ 130B is a 
versatile, all-purpose tool for laboratory, production line and 
industrial processing measurements. In addition to its versa- 
tility as an oscilloscope, @ 130B can be used as a millivolt- 
meter or voltmeter. 

Simple operation is an outstanding characteristic of the 
instrument. Controls are at a minimum, are color-coded to 
front panel markings and are arranged by function. 2 1  sweep 
times may be directly set on the panel control; no arithmetic 
or interpolation is required to determine sweep settings. Hor- 
izontal sweeps are calibrated from 1 psec/cm to 5 sec/cm. 
Accuracy is within 5 % )  and sweeps are highly linear. A 
“times - 5” magnifier, for all ranges, expands the fastest 
sweep to 0.2 pec/cm. 

voltages. Particularly ideal for measuring me- 

chanical quantities, through a transducer, such 

as stress, strain and vibration, pressure, dis- 

placement and acceleration. 

Automatic Triggering 

Two circuit features contribute to the instrument’s unique 
operating convenience, First, the oscilloscope accepts signals 
direct from conventional transducers without preamplifica- 
tion in the majority of cases. Findings are presented in a bril- 
liant, high resolution trace visible under all lighting condi- 
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tions. Second, the instruments contain a “universal” auto- 
matic triggering system. Under almost all circumstances, one 
single preset condition provides optimum triggering. The 
sweep may be operated free-running when it is desired to 
determine the base line. A high degree of stability and free- 
dom from horizontal jitter is maintained under all sweep 
conditions. 

Similar Vertical, Horizontal Amplifiers 

Horizontal and vertical amplifiers are similar, and pro- 
vide high sensitivity of 1 mv/cm or 10 mv full scale deflec- 
tion. The amplifiers have wide pass bands from dc to 300 
KC, and offer balanced input circuits on the six most sensi- 
tive ranges. (These circuits are particularly useful in indus- 
trial, medical and similar applications where it is more con- 
venient to accept a low level balanced signal direct from a 
transducer.) The amplifiers also provide single ended input, 
and may be either ac or dc coupled. 

Use as Voltmeter 

Both amplifiers on the @ 130B are highly stable, requir- 
ing virtually no adjustment during operation. Their gain may 
be standardized by an internal 300 cycle 300 millivolt source. 
These features, together with the instrument’s precision input 
attenuator, make possible use of the oscilloscope as a milli- 
voltmeter or voltmeter accurate within 5%. 

The instrument’s CRT bezel removes easily to simplify 
changing tubes and filters; also provides a firm mount for 
oscilloscope cameras. 

Specifications 
Sweep 

Sweep Range: 0.2 psec/cni to at least 12.5 sec/cm. 21  
calibrated sweeps, accurate within t 5 % ,  in a 1-2- 
5-10 sequence, 1 pec/cm to 5 sec/cm. Vernier permits 
continuous adjustment of sweep time between calibrated 
steps and extends slowest sweep time to at least 12.5 
sec/cm. 

Magnifier: X5 magnifier may be used on all ranges and 
expands fastest sweep to 0.2 pec/cm. Accuracy within 
1oyc. 

Synchronization: Internally from line voltage or from 
signals causing ‘/2 centimeter or more vertical deflec- 
tion. Externally from 0.5 volts peak-to-peak or more. 

Trigger Point: Continuously adjustable from - 30 to 
f 3 0  volts on either positive or negative slope of exter- 
nal synchronizing signal, or from any point of the 

Preset Triggering: Switch position on sweep mode control 

t 
i 

I vertical signal presented on the screen. 

selects optimum setting for automatic triggering. 

Input Amplifiers 

Vertical and horizontal amplifiers have same character- 
IStlCS. 

Sensitivity: 1 mv/cm to at least 125 v/cm. 1 5  calibrated 
ranges, accurate within & 5 7 ~ ,  in a 1-2-5-10 sequence, 
1 mv/cm to 50 v/cm. Vernier permits continuous ad- 
justment between ranges and decreases sensitivity of 50 
v/cm range to at least 125  volts/cm. Input voltage 
rating 600 volts dc or rms. 

Phase Shift: Within +lo relative phase shift at frequen- 
cies up to 50 KC between vertical and horizontal ampli- 
fiers with verniers in CAL. 

Stability: 1 mv/hr after warmup. 
Bandwidth: dc coupling: dc to 300 KC. ac coupling: 2 

cps to 300 KC. Specified bandwidth is independent of 
sensitivity setting. 

Balanced Input: On 1 , 2 ,  5, 10, 20, and 50 mv/cm ranges. 
Cabinet mount input impedance: 2 megohms shunted 
with approximately 25 pf. Rack mount input imped- 
ance: 2 megohms, approximately 125  pf shunt capac- 
ity. Disconnecting the wires at the front panel which 
connect to the rear terminals reduces the input capac- 
ity to approximately 25  pf. 

Common Signal Rejection: (Balanced input only.) Re- 
jection at least 40 db. Common signal must not exceed 
1.5 volts. 

Single Ended Input: Cabinet mount input impedance: 1 
megohm shunted with approximately 50 pf. Rack 
mount input impedance: 1 megohm, approximately 200 
pf shunt capacity. Disconnecting the wires at the front 
panel connecting to the rear terminals reduces the input 
capacity to approximately 50 pf. 

Internal Calibrator: 300 millivolts peak-to-peak 22’3 ,  
300 cycle squarewave applied to vertical or horizontal 
amplifiers by CAL position of input attenuators. 

General 

Illuminated Graticule: Edge-lighted graticule with con- 
trolled illumination, 10 cm x 10 cm, marked in centi- 
meter squares with 2 mm subdivisions, on major hori- 
zontal and vertical axes. Effectively shielded from am- 
bient light. 

CRT Plates: Direct connection to deflection plates via ter- 
minals on rear. Sensitivity approximately 20 v/cm. 

Intensity Modulation: Terminals on rear; 20 v positive 
signal blanks CRT at normal intensity. 

Cathode Ray Tube: 5AQP mono-accelerator flat face 
type with 3000 volt accelerating potential. Available 
with P I ,  P2, P7, or P I 1  screen. 

Dimensions: Cabinet Mount: 9Xf‘ wide, 15” high, 211/q[s 
deep. Rack Mount: 19” wide, high, 22” deep, 
depth behind panel 193/4ff. 

Weight: Cabinet Mount: Net 41 lbs. Shipping 54 lbs. 
Rack Mount: Net 47 lbs. Shipping 62 Ibs. 

Power supply: 115/230 volts & l o % ,  50/1000 cycles, 
160 watts. 

Filter Supplied: Color of filter compatible with screen 
phosphor: green for P1 and P2, amber for P7, blue for 
P11. 

Accessories Available: AC-83A Viewing Hood; face- 
fitting molded rubber, $5.00. AC-21 series probes (see 
page 19). 

Price: @ 130B (cabinet) or @ 130BR (rack mount), 
$65&oO. Normally supplied with P1 screen. When 
ordering with P2, P7 or P I 1  screen, specify model and 
phosphor number. 

u’ 

Data subject t o  change without notice. 
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@ 150A 1 0  MC OSCILLOSCOPE 

High Sensitivity, Dual Trace, Outstanding Scope Value 

Advantages : 

Maximum usefulness, reliability 

24 direct reading calibrated sweeps 

Automatic sweep triggering 

0.25 p e c  distortionless delay line 

Calibrated horizontal amplifier 

Plug-in vertical pre-amplifiers, single or dual trace 

Sweep magnification of 5 ,  10, 50 and 100 x 

Single shot sweep with lock-out 

Quick CRT interchange 

Unitized construction 

Color-coded, concentric controls, simplified and 
functionally grouped 

Uses: 

General purpose laboratory instrument for fast 
circuit work in pulse applications such as radar, 
TV, nucleonics and guidance systems. Presents 
the ultimate in waveform observation and com- 
plex voltage measurement. 

For maximum usefulness, @ 150A is designed for opera- 
tion with a variety of plug-in vertical amplifiers. These in- 
clude @ 151B, a high gain unit with 5.0 mv/cm maximum 
sensitivity and frequency response from dc to 10 MC; and 
@ 152B, a dual amplifier permitting two phenomena to be 
presented on the CRT simultaneously. Either of @ 152B's 
dual amplifiers may be used separately. For dual trace pres- 
entation, an electronic switch applies amplifier outputs to 
alternate traces, or switches outputs at a 100 KC rate. 
@ 153A is a high-gain differential amplifier permitting 
direct measurement from many transducers. @ 154A is a dual 
channel amplifier permitting the viewing and comparison of 
ac voltage and current waveforms simultaneously, or viewing 
current without direct connection and consequent circuit 
1 o a d i n g . 

Two special features of @ 150A add much to the instru- 
ment's convenience and versatility. One is the automatic trig- 
gering circuit by which one single preset adjustment estab- 
lishes optimum triggering for almost all conditions and 
eliminates most adjustment during or even before measure- 
ment. The other feature is the single shot sweep circuit 
which permits an unlimited expansion of the sweep. The 
sweep may be armed manually or electronically. An indica- 
tor light shows when the circuit is armed. 

Further details of these useful plug-ins appear on the 
opposite page together with complete specifications of the 
high quality @ 150A itself. 

22 



Specifications 
@ 1 5 0 A  Oscilloscope 

Sweep 

Range: 0.02 psec/cm to 15 sec/cm. 
Calibrated: 24 calibrated sweeps in 1, 2 ,  5, and 

psec/cm to 5 sec/cm. Accuracy within 35%. 
10 sequence, 0.1 

Sweep Magnif ication: Sweep may be expanded 5, 10, 50 or 100 

Vernier: Permits continuous adjustment of sweep time; extends 

times. Increases fastest sweep speed to 0.02 psec/cm. 

slowest sweep to 15  sec/cm. 

Triggering: Internally, line voltage; externally with 0.5 v or more. 

Trigger Point: Any positive or negative level on positive or nega- 
tive slope of signal triggering sweep. + 30 v to -30 v range 
for external trigger. 

Single Sweep: In single sweep operation, after being triggered, 
sweep remains locked out until reset. 

Horizontal Amplifier 

External Input: Pass hand dc to over 500 KC. Sensitivity range 

Input Impedance: 1 megohm shunted by 31 pf. 

200 mv/cm to 5 v/cm. Five calibrated ranges plus vernier. 

Vertical Amplifier 

Main Vertical Amplif ier:  Pass band dc to more than 10 MC. 
Optimum transient response and rise time less than 0.035 psec. 

Signal Delay: 0.25 psec delay permits viewing leading edge of 
signal triggering sweep. 

General 

Amplitude Calibrator: 18 calibrating voltages, 0.2 mv to 100 v 
peak-to-peak. Accuracy within 3%. Approximately 1 KC square 
wave with rise and decay times approximately 1 psec. 

Sawtooth Output: + 20 to -20 v sawtooth waveform. 

Gate Output: + 20 v signal for duration of sweep 

Illuminated Graticule: Edge-lighted graticule with controlled illu- 
mination, marked in centimeter squares with 2 mm subdivisions 
on major horizontal and vertical axes. 

CRT Bezel: Provides firm mount for standard oscilloscope camera 

CRT Plates: Direct connection to deflecting plates via terminals 
in access compartment. 

Intensity Modulation: Terminals provided; 20 v positive signal 
blanks CRT at normal intensity. 

Power Supply: 115/230 v t lo%,  50/60 cycles. Approximately 
610 watts. 

Cathode Ray Tube: 5AMP mono-accelerator flat face type with 
5,000 v accelerating potential. Available with PI,’ P2, P7 or 
PI1 screen. 

equipment; easy access to CRT. 

Dimensions: 14” wide, 17%” high, 24%’’ deep. 

Weight: Net 83 Ibs. Shipping 125 Ibs. 

Accessories Furnished: 2-AC-21A Low Capacity Probes. 2-AC- 
76A BNC to binding post adapters. 

Accessories Available: Probes, Adapters, page 19. Cables, page 
193. Viewing Hood, page 18. 

Price: @ 150A, $1,300.00 (cabinet). (Normally supplied with 
P2 screen. For P1  screen, specify 15OA-1; for P7 screen, specify 
150A-7; for P11 screen, specify 150A-11.) 

@ 151B High Gain Amplifier 

Sensitivity Range: 5 mv/cm to 50 v/cm. 

Input Attenuator: 12 calibrated ranges, in 1, 2 and 5 sequence, from 
5 mv/cm to 20 v/cm. Vernier permits continuous adjustment be- 
tween ranges. 

Input Impedance: 1 megohm shunted with 31 pf. 
Pass Band: D C  to 10 MC, 0.035 psec rise time, dc coupled. 2 cps to 

Dual Inputs: Two signal inputs with Type BNC. Selection of either 

W e i g h t :  Net 4 Ibs. Shipping 9 Ibs. 

Price: @ 151B, $200.00. 

10 MC, 0.035 psec rise time, ac coupled. 

input by panel switch. 

(?p 1526 Dual  Channel Amplifier 

Sensitivity Range: 0.05 v/cm to 50 v/cm. 
Input Attenuator: 9 calibrated ranges, in 1, 2, 5 and 10 sequence, 

Input Impedance: 1 megohm shunted with 30 pf. 
Pass Band: D C  to 10 MC, 0.035 psec rise time, dc coupled. 2 cps to 

from 0.05 v/cm to 20 v/cm. Vernier. 

10 MC, 0.035 psec rise time, ac coupled. 

Differential Input: Both inputs may be switched to one channel. Com- 
mon signal rejection is at least 40 db when both input attenuators 
are set for maximum sensitivity. 

By alternate sweeps or chopped at approxi- Electronic Switching: 
mately 100 KC. 

Vertical Positioning: Channels individually adjustable. 
Polarity of Presentation: Pos. up or neg. up. 
Input Connectors: Type BNC both channels. 
W e i g h t :  Net 6 Ibs. Shipping 10 Ibs. 
Price: @ 152B, $250.00. 

@ 1 5 3 A  Differential Amplifier 

Sensitivity Range: 1 mv/cm to 1 2 5  v/cm. 

Input Attenuator: 15  calibrated ranges, in 1-2-5-10 sequence, from 

Pass Band: DC to 500 KC, dc coupled. 2 cps to 500 KC, ac coupled. 

Input Impedance: 2 megohms shunted with 17 pf (balanced). 1 
megohm shunted with 35 pf (single-ended). 

Common Signal Rejection: (Balanced input only.) At least 40 db 
on 1 mv/cm to 50 mv/cm ranges when common mode signal does 
not exceed 1.5 volts. 30 db on other$anges. 

1 mv/cm to 50 v/cm. Vernier. 

W e i g h t :  Net 5 Ibs. Shipping 9 Ibs. 

Price: @ 153A, $150.00. 

@ 1 5 4 A  Voltage-Current Amplifier 

Sensitivity Range: Current: 1 ma/cm to 1,000 ma/cm. Voltage: 0.05 
v/cm to 20 v/cm. 

Pass Band: Current: 50 cps to 8 MC. Voltage: D C  to 10 MC, dc 
coupled. 2 cps to 10 MC, ac coupled. 

Input Impedance: Current channel: probe adds approx. 0.01 ohm 
with Iph  shunt in series with circuit. Voltage channel: 1 megohm, 
30 pf shunt. 

Maximum Current: AC 10 amps rms, 20 K C  and above ‘/2 amp at 
1 KC; dc up to 0.5 amp has no appreciable effect. 

Vertical Presentation: Either voltage or current signal continuously; 
or voltage and current signals sampled at 100 K C  or on alternate 
traces. .- _ _  

W e i g h t :  Net 5 Ibs. Shipping 10 Ibs. 
Price: @ 154A, $430.00 (includes AC-21F Current Probe).  

Data subject t o  change without notice. 
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@ 10OB 1 5  MC AND @ 170A 30 MC OSCILLOSCOPES 

M ILlTARlZED Oscilloscopes Offer Unique Plug-I n Versatility 

Advantages: 

Extra rugged; meet military environmental 
requirement* 

Simplified calibration - no distributed amplifiers or 
multi-section delay lines 

Versatile dual plug-in system 

Reliable operation in extreme environments 

Premium components for dependability 

24 calibrated sweeps, 0.1 p.sec/cm to 5 sec/cm 

Magnifier increases fast sweep to 0.02 psec/cm 
Easy to use: simplified controls, automatic 

beam finder 

Uses: 

Aircraft, missile check-out systems 

Test installations in adverse environment 

General-purpose laboratory measurements involving 
fast circuit pulse applications including radar, TV, 
nucleonics and guidance systems 

Both the @ l6OB and the new 30 MC @ 170A combine 
militarized design with conventional controls and dual plug- 
in systems for wide application, unusual versatility and ut- 
most convenience- all with @ ‘s standards of dependability 
and reliability. 

Both are designed to military specifications for RFI, and 
to withstand altitude, shock, vibration, humidity and tem- 
perature variations using MIL-E- 16400 as design guide. 

Interchangeable vertical and time-axis plug-ins provide in- 
stantly expandable measurement capability as it is needed. 
Selection of plug-ins with minimum investment offer X - Y  
records of repetitive waveforms, new sweep delay conven- 
ience and widely versatile input capabilities. 

Calibration adjustments and maintenance problems are 
materially reduced in Models 160B/170A by the elimina- 
tion of multi-section delay lines and distributed amplifiers 
usually associated with high frequency oscilloscopes. Im- 
proved preset triggering insures optimum operation for al- 
most all conditions with just one adjustment-even on sig- 
nals down to 2 mm deflection. A push-button beam finder 
automatically locates off -screen beam or trace (especially 
useful for operation by inexperienced personnel) , 

Important features include reliable tube-transistor cir- 

*See “Environmental Specifications for @ Models l6OB and 170A 
Oscilloscopes and Models 166A, 162A, l 6 6 D  Plug-in Units” for 
detailed specifications. Available from Hewlett-Packard Co. or your 
$ representative. 



cuits, regulated dc filament voltages and premium com- 
ponents throughout. Power transistors in efficient heat sinks 
insure cool operation. Etched circuits on translucent epoxy 
glass simplify circuit tracing and servicing. 

Specifications ‘8 160B/170A 

(With @ 166A Auxiliary Unit plugged in.) 

Sweep Generator: 

Internal Sweep: 24 ranges, 0.1 pec/cm to 5 sec/cm; 
*3%. Vernier extends slowest sweep to 1 5  sec/cm. 

Magnification: 7 calibrated ranges, X I ,  X2, X5, X10, 
X20, X50 and X100. Increases fastest sweep speed to 
0.02 pec/cm. Accuracy: X I ,  X2 and X5, *3%; X I 0  
and X20 * 5% to 0.02 pec/cm; X50 and X100, 
10% to 0.02 pec/cm. 

Triggering: Internal, power line or vertical input signal 
( 2  mm or more vertical deflection). External ( y2 v 
peak-to-peak or more). 

Trigger Point: Positive or negative going voltage. Trigger 
level of external sync signal adjustable - 30 to + 30 v. 

Sawtooth Output: - 50 to + 50 v. 
Gate Output: + 50 v pulse. 

Horizontal Amplifier: 

Bandwidth: dc to 1 MC. 
Sensitivity: 7 ranges 0.1 v/cm to 10 v/cm. Vernier ex- 

Input Impedance: 1 megohm shunted by 30 pf. 
tends minimum sensitivity to 25 v/cm. 

Main Vertical Amplifier: 

Bandwidth Capability: @ 16OB, dc to 1 5  MC. 
@ 170A, dc to 30 MC. 

Cali brator: 

Type: 1,000 cycle square wave, 1 psec rise and decay time. 

Voltage: 18 calibrated ranges ?3%, 0.2 mv to 100 v 

Current: 5 ma peak-to-peak, 3%. 

peak-to-peak. 

Cathode Ray Tube: 

Type: Model 16OB: 5 AMP mono-accelerator, flat. face, 
P1, P2, P7, or P11 screen. 5,000 v accelerating poten- 
tial. Model 170A: 5 BHP post-accelerator, P I ,  P2, P7, 
or PI1 screen. 10,000 v accelerating potential. 

Filter Supplied: Compatible with phosphor, green with 
P1 and P2, amber with P7, and blue with P11. 

Graticule: 10 cm long x 6 cm high ( @  170A, 10 cm x 
4 crn) marked in centimeter squares; 2 mm subdivisions 
on horizontal and vertical axes. 
Controlled edge lighting. 

Deflection Plate Connection: Pin type terminals. 

Deflection Sensitivity: Model 16OB, approx. 20 v/cm; 
Model 170A, approx. 7 v/cm. 

Intensity Modulation: + 20 v pulse will blank CRT trace 
of normal intensity. 

General: 
Power Requirements: 115/230 volts t lo%,  50/440 cps, 

approx. 480 watts ( @  170A approx. 500 watts). 
Color: Grey enamel in accordance with Type I11 Class 2 

of Specification MIL-E-15090. 

Dimensions: Cabinet Mount: 14%” high, 19” wide, 22%’’ 
deep. Rack Mount: 12%” high, 19” wide, 21”  deep 
behind panel. 

Weight: Cabinet Mount: Net 85 lbs., shipping 100 lbs. 
Rack Mount: Net 8 5  lbs., shipping 100 lbs. 

Plug-In Vertical Amplifiers: Model 162A Dual Trace 
Amplifier or Model 162F Fast Rise Preamplifier (see 
next page fo r  details and prices). 

Time Axis Plug-In Units: Model l66A Auxiliary Unit 
(supplied with @ 160B and 170A, provides Z-axis 
input and single sweep arming input connections). 
Model 166B Marker Generator (see page 2 7 ) .  Model 
l66C Display Scanner (see page 2 7 ) .  Model 166D 
Sweep Delay Generator (see page 2 7 ) .  

Accessories Available: AC-83A Viewing Hood; AC-21A 
Probe, 10:1 division; AC-21C Probe, 50 : l  division; 
AC-21F Current Probe, 1 mv/ma; AC-67B Feed-thru 
Termination for AC-ZlF, 2.5 KC to 30 MC; AC-67C 
Compensated Termination for AC-21F, 1.4 KC to 30 
MC; AC-76A BNC male to binding post adapter; AC- 
115B Testmobile. (See Page 19 f o r  accessor) details.) 

Accessories Furnished: Two AC-21A Probes, two AC- 
76A Adapters. 

Options: 50 to 60 cps ac fan in lieu of dc fan, no extra 
charge. 
With all tubes and transistors MIL approved types, 
specify H02-160B or H02-170A, add $185.00, and 
specify H02-1624  add $45.00. (Environmental speci- 
fications are met with or without this option.) For 
H02-166D, add $40.00. 
Chassis Track Detented Tilting slides for rack mount, 
specify C99-160BR, C99k470AR, add $85.00. 
160B-44-A1, 170A-44A-1 Front Cover required for 
drip proofing, (includes adapters; 2-UHF female to 
BNC male UG-255/U, 2-Dual Banana Plug to BNC 
male UG-l035/U, 2-UHF male to BNC female UG- 
273/U, 2-BNC Tees UG-274A/U and 2-8 ft. BNC 
male to BNC male cables CG-409E/U), add $75.00. 
(Not compatible with rack mount.) 

Price: With line filter, dc fan and Model l66A plug-in 
unit. 
160B* (cabinet or rack mount), $1,850.00. 
162A* Dual Trace Amplifier, $350.00. 
162F Fast Rise Preamplifier, $145.00. 
l66B Time Mark Generator, $130.00. 
l66C Display Scanner, $300.00. 
166D* Sweep Delay Generator, $325.00. 
170A*+cabinet or rack mount), $2,150.00. 

*Available with all tubes and transistors. 
MIL approved types (extra cost option).  

Data subject to  change without notice. 
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@ MILITARIZED AMPLIFIERS 

(8 1 6 2 A  Dual Trace Amplifier 

This vertical plug-in for the @ 160B/170A Oscilloscopes 
gives sensiti\rity to 20 mv/cm, permits viewing of two phe- 
nomena simultaneously, offers differential input for common 
mode rejection, meets environmental requirements of MIL-E- 
16400.* 

Specifications 

Each Channel: 
S e n s i t i v i t y  Range :  0.02 v/cm to 50 v/cm. Ten calibrated ranges 

in 1, 2,  5 ,  10 sequence from 0.02 v/cm to 20 v/cm. Accuracy 
t 5Ch.  
Vernier extends minimum sensitivity to at least 50 v/cm. 

Pass Band:  With  16OB: dc coupled; dc to 14 MC, 0.025 psec rise 
time. AC coupled; 2 cps to 14 MC. 
Wi th  170A: dc coupled; dc to 25 MC, 0.014 psec rise time. 
AC coupled; 2 cps to 24 MC. 

I n p u t  I m p e d a n c e :  1 megohm (nominal) shunted by 25 pf. 
P o l a r i t y  of Presenta t ion :  + up or - up, selectable. 
E l e c t r o n i c  S w i t c h i n g :  By alternate sweep or chopped at approxi- 

mately 1 MC, with blanking during switching. 
Differential Input: Both input attenuators may be switched 
to one channel to give differential input. The input attenu- 
ators may be set separately to allow mixing signals of dif- 
ferent levels. 

Ampl i f i e r :  Channel A. Amplifier Input A - Input B. 
C o m m o n  M o d e  R e j e c t i o n :  At least 40 db at maximum sensitivity, 

at least 30 db when using attenuators. 

General: 
W e i g h t :  Net 6 Ibs. . 
Power:  Supplied by @ l60B or 170A Oscilloscope. - 

*See "Environmental Specifications for 9 l60B and 170A Oscil- 
loscope." 

Accessor ies  A v a i l a b l e :  AC-21F Current Probe, $100.00; A C - O B  
Feed-through Termination (for AC-ZIF, 2.5 KC to 30 M C ) ,  
$17.50; AC-67C Compensated Termination (for AC-21F, 1.4 K C  
to 30 M C ) ,  $30.00; AC-ZlC Probe, 50:1 division, $30.00. 

162A Dual Trace Amplifier for 160B or 170A Oscillo- 
scope, $350.00. 
W'ith all tubes and transistors MIL approved types, specify 
H02-162A, $395.00. (Environmental specifications are met 
with or without this option.) 

Price:  

@ 1 6 2 F  Fast Rise Preamplifier 
The low cost new @ 162F allows full utilization of the 

excellent transient response of the 160B/170A main vertical 
amplifiers. Rise time with the 170A is 12 nsec, bandpass 
dc to 30 MC (3 db points). With the l60B rise time is 23 
nsec, bandwidth dc to 1 5  MC. Sensitivity is 50 mv/cm with 
either @ 170A or 160B. Meets environmental requirements 
of MIL-E-1 6400. * 

Specifications 
Pass Band:  With  170A: D C  coupled; dc to 30 MC, 12 nsec rise time. 

AC coupled; 2 cps to 30 MC, 1 2  nsec rise time. 
Wi th  160B: DC coupled; dc to 15 MC, 2 3  nsec rise time. 
AC coupled; 2 cps to 1 5  MC, 23 nsec rise time. 

S e n s i t i v i t y  Ranges:  0.050 v/cm to 50 v/cm. Nine calibrated ranges in 
1, 2 ,  5, 10 sequence from 0.05 v/cm to 20 v/cm. Vernier provides 
continuous adjustment between ranges and extends minimum sen- 
sitivity to at least 50 v/cm. 

I n p u t  I m p e d a n c e :  1 megohm (nominal) shunted by 2 5  pi.  
W e i g h t :  Net 5 Ibs. 
Power:  Supplied by @ l60B or 170A Oscilloscope. 
Price:  '?$ 162F, $145.00. 

Data subject io  change without notice. 



($3 166B Time Mark Generator Specifications 
Precise time measurements are easy to make with the new 

@ l66B Time Mark Generator, which provides intensity 
modulated time markers on the oscilloscope trace when 
plugged into either @ 160B or 170A. Model l66B is also 
useful for photographs, for calibration of the faster oscillo- 

Vertical Output :  With  160B: Approximately + 0.7 v for 3 cm above 
middle of CRT, -0.7 v for 3 cm below middle of CRT. 
With  170A: Approximately + 0.55 v for 2 cm above middle of 
CRT, -0.55 for 2 cm below middle of CRT. 

Horizontal Output :  0 cm, approximately + 50 v; 10 cm, approxi- 
mately - 50 v. 

scope sweeps and for Operation between 
ranges with the sweep Vernier. 

sweep 
Output  features make 

Bandwidth: 14 M C  with 160B/162A; 20 M C  with 170A/162A, 
Scanning: Manual, internal (with pen speed stabilized or ]inear) 

or external. possible the use of markers as triggers or for calibration of 
other devices. Scanning Time: Internal linear, approximately 1% min. Internal with 

Spec if i cat i o ns 
Range: 10 psec, 1 psec, and 0.1 psec intervals. 
Accuracy: * 0.5%. 
Output Markers: 

Amplitude: 0 to 1 volt, adjustable. 
Duration: Less than 40% of marker interval, 

Time Marker: 
Functions: 

Off: Marker de-energized. 
Output: Marker provided at BNC output jack. 
Display: Marker provides intensity modulation on display. 

External: Provides for normal external intensity modulation. 
internal: Connects internal time markers to display. 

Intensity Modulation: 

Weight: Net 394 Ibs. Shipping 6 Ibs. 
Power: Supplied by @ l60B or 170A Oscilloscope. 
Price: '@ 166B, $130.00. 

$$ 166C Display Scanner 
A time-axis plug-in for the $$ 160B/170A Oscilloscopes, 

the @ l66C provides output to duplicate, on an X-Y 
recorder, any repetitive waveform appearing on the CRT 
trace. Resolution, with permanent, large-scale records, is 
higher than either the CRT display or a photograph. The 
trace can be viewed on the CRT while records are being made. 

pen speed stabilized, approximately 25 s i c  when displaying base 
line only. 

Oscilloscope Sweep Speed: From fastest sweep to 5 msec/cm; signal 
repetition rate greater than 20 cps. 

Price: @ l66C Display Scanner for l60B or 170A Oscilloscope, 
$300.00. 

8 166D Sweep Delay Generator 

Detailed examination of a complex signal or pulse train 
is possible with this time-axis plug-in for the @ 160B/ 
170A Oscilloscopes. A unique mixed sweep feature permits 
viewing of an expanded waveform segment while still retain- 
ing a presentation of earlier portions of the waveform. ' 

Specifications 
Delay Time: 1 psec to 10 sec. 
Delaying Sweep: 18 calibrated ranges from 2 psec/cm to 1 sec/cm 

in 1, 2 ,  5, and 10 sequence. 
Delayed Length: 0 to 10 cm. When delaying sweep functions in 

place of main sweep, setting in cm controls occurrence of ma& 
sweep. When delayed main sweep is used, setting acts as multi- 
plier on delaying sweep setting to determine total delay time. 

Accuracy: * 1% 2 psec to .1 sec ranges; *3% . 2 ,  .5,  1 sec ranges. 
f0.2% linearity, all but 2 ,  5 and 10 psec ranges. 
io.>% linearity, 2 ,  5 and 10 psec ranges. 

Jitter:  Less than 0.01 psec or * 0.005% of total delay. 
Delay Functions: ( a )  Trigger main sweep. ( b )  Arm main sweep. 
Triggering: Internal, power line or vertical input signal ( 2  mm or 

more vertical deflection). External, y! volt peak-to-peak or more. 
Triggering Point: Positive or negative going voltage. Trigger level 

of external sync signal adjustable from - 30 to + 30 volts. 
Sweep Selector: ( a )  Main Sweep. ( b )  Delaying Sweep. Brightened 

segment of trace indicates time relationship between delaying 
sweep display and main sweep display. ( c )  Main Sweep Delayed. 
( d )  Mixed Sweep. 

Delayed Trigger Output :  Approximately 20 volts positive. 
Price: #@ 1$$6IJ Sweep Delay Generator for @ l60B and 170A 

Oscilloscopes, $325.00. Wi th  all tubes and transistors MIL ap- 
proved types specify H02-166D, 5365.00. (Environmental speci- 
fications are met with or without this option.) 

Datn subject to  change without tiotice. 
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@ 185A 1,000 MC OSCILLOSCOPE 

Conventional Measuring Ease in Nanosecond Region 

Advantages: 

Bright, clear, 5” scope presentation, D C  to 1,000 MC 
Bright, steady traces even at low repetition rates 
Less than 0.4 nanosecond rise time for brilliant 

Dual channel, differential input permits study of two 

Sweep expansion to 0.1 ns/cm for extreme resolving 

High sensitivity for viewing small signals; wide 

picture of nanosecond pulses 

high-speed signals 

capability 

dynamic range for viewing small voltages on high 
voltage plateaus 

X-Y recorder output; time, amplitude calibrators, 
beam finder, conventional oscilloscope controls 

Uses: 

Analyze nanosecond pulses 
Measure transistor response time 
Make fractional nanosecond time comparisons 
Measure diode switching times 
Determine pulse jitter 
Make permanent X-Y plots 
Measure memory-unit switching time 
Measure uhf voltage amplitude 

The new @ l85A is the oscilloscope to use anywhere 
from DC to 1,000 MC. It offers the same simplicity of oper- 
ation, the same big, bright, steady trace as conventional low- 
frequency scopes, yet the @ 185A is swift and easy to use 
all the way to 1,000 MC. 

In such fields as computer and radar research and design, 
and semiconductor research, Model 185A is the first practical, 
commercially available answer to the need for measuring and 
viewing nanosecond pulses. 

Sampling Oscilloscope 
Whereas most previous high frequency oscilloscopes have 

been broadband instruments, the new @ l85A is a sampling 
oscilloscope. 

Broadband instruments have inherent limitations at very 
high frequencies. One is the sensitivity-bandwidth-display 
size limits of cathode ray tubes. Another is the gain-band- 
width limitation of associated amplifiers. A third involves 
low repetition rates often associated with fast pulses-the 
writing rate is often not adequate for a bright trace. 

Model l85A sidesteps each of these objections by first 
translating the input signal to a much lower frequency, then 
proceeding along conventional oscilloscope signal processing 
techniques. 

The translation is achieved by the sampling process, an 
approach analogous to stroboscopic light in that both sim- 
ulate slowing down the “motion” for better visual percep- 
tion-and both depend on repetition for a faithfully simu- 
lated signal. The sampling process, however, will operate 
with an aperiodic signal. 



To permit study of fast pulses in great detail, and under 
varied trigger conditions, the 185A has a variable time delay 
and 4-range time scale with 6-step magnifier.§ 

Built-in Delay Feature 
Model 185A syncs with external triggers to 100 MC, and 

also provides a front panel delayed sync pulse which may be 
used to trigger the circuit under test. In situations where the 
circuit will respond to this trigger, a delay line is unneces- 
sary. An accessory, the H01- 184A Synchronizing Trigger 
Unit ( p a g e  30) provides synchronization for signals up to 
800 MC. 

Recorder Output 
An unique feature of the 185A is its X-Y recorder out- 

put. The instrument’s Manual Scan control slows the input 
signal, permitting X-Y plotting for permanent records, re- 
ports, etc., with such instruments as the Moseley Model 2D 
Autograf Recorder. 

Dual or Differential Input 
Model 187B Dual Trace Amplifier is a plug-in unit for 

Model 185A permitting comparison of two high speed sig- 
nals simultaneously, or comparison of time, duration and 
spacing. The amplifier has a wide dynamic range of 3 mv to 
2 volts peak, and independent sensitivity controls on each 
channel. 

Special, Easy-to-Use Probes 
An outstanding feature of the @ 187B is the pair of com- 

pact, new-concept probes arranged for easy application to the 
test circuit. The probes provide a high, ~ 0 0 , 0 0 0  ohm input 
resistance shunted by 2 pf to virtually eliminate loading of 
the test circuit. For maximum versatility, the probes may be 
used with Type N ,  BNC or other fittings. ( S e e  page 30.) 

Calibrated vertical sensitivity controls permit measure- 
ments of a wide range of input levels from 10 to 200 mv/ 
cm. A vernier between steps further increases sensitivity to 
3 millivolts/cm. 

SCharacteristics and features are described more fully in the Hewlett- 

Additional information on uses of the 185A/187B oscilloscope is 
Packard Journal, Vol. 11, No. 5-7, Jan.-Mar., 1960. 

included in @ Application Notes 44A, 44B and 44C. 

Specifications 
@ Model 1878 Dual Trace Amplifier 
(When plugged into Model 185A Oscilloscope) 

Vertical (Dual Channel): 
Bandwidth:* (A)  Greater than 800 MC at 3 db point, 

less than 0.5 nsec rise time for any input signal. (B) 
For most signals a passband of dc to 1,000 MC at 3 db 
point, less than 0.4 nsec rise time, may be obtained. 
Conditions that must be satisfied are that the wave- 
forms be identical from occurrence to occurrence and 
that the rise time be displayed by at least 1 2  samples* 

Overshoot or Undershoot: Less than 5%. 
Sensitivity: Calibrated ranges 10 mv/cm to 200 mv/cm 

in a 1, 2, 5 sequence. Vernier control between steps 
which increases sensitivity to 3 mv/cm. 

Voltage Calibrator: 10 mv to 500 mv, accuracy t 37%. 
Input: By means of input probe for each channel. 
Noise: Approximately 2 mv peak-to-peak; reduced by 

approximately 5 : 1 in smoothed (noise compensation) 
position of response switch. 

Input Impedance: ~ 0 0 , 0 0 0  ohms shunted by 2 pf. 
Accessories Furnished: 187A-76A BNC Adapter, 2 sup- 

plied. 187B-76F Adapter, 2 supplied; permits use of 
@ 187A accessories with @ 187B probes. 

Price: @ 187B, $1,000.00. 

($3 Model 185A Oscilloscope 
Horizontal : 

Sweep Speeds: 0.1 nsec/cm to 100 nsec/cm. Calibrated 
within t 5570 using any combination of Time Scale 
and Time Scale Magnifier settings with the exception 
of the first 50 nsec of the 100 nsec/cm Time Scale and 
first 20 nsec of the 50 nsec/cm Time Scale. 

Time Scale: 4 ranges, 10, 20, 50, and 100 nsec/cm. 
Vernier control between steps which increases speed. 

Time Scale Magnifier: X2, X5, X10, X20, X50, X100; 
may be used with any Time Scale. 

Jitter: Less than 0.03 nsec peak-to-peak; reduced by ap- 
proximately 5 : 1 in smoothed (noise compensation) 
position of vertical response switch. 

Sample Density: Fine (approximately 1,000 samples/ 
trace), medium (approximately 200 samples/trace) , 
and coarse (approximately 50 samples/trace) . 

Manual Scan: Permits making X-Y pen recordings. 
Time Calibrator: 500 MC and 50 MC damped sine waves 

Minimum Delay: Less than 120 nsec. 
Variable Delay Range: Any portion of the unmagnified 

trace may be viewed in detail using the Time Scale 
Magnifier and the time delay. 

External Trigger: t 50 mv for 20 nsec or longer, 2 .0 .5  
v for 1 nsec; approximately 120 nsec in advance of sig- 
nal to be observed. 

(frequency accuracy t 1 %) . 

“Sampling” Repetition Rate: 100 KC maximum. 
Trigger Rate: 50 cps to at least 100 MC (holdoff circuit 

in operation above 100 KC).  
Trigger Input Impedance: With Sync Probe, greater than 

700 ohms; without probe, 50 ohms at panel. Capacitive 
coupling. 

Sync Pulse Output: 
Amplitude: Positive, at least 2.5 v into 50 ohms. 
Rise Time: Less than 1.5 nsec. 
Width: Greater than 1 psec. 
Timing: Approximately 20 nsec after start of undelayed 

trace. 
Recurrence: One pulse per sample. 

X-Y Recorder Output: Available in Manual Scan for 
making pen-recording of waveforms: 
Horizontal Output, 0 at left to approx. 12 v at right of 
CRT face, source impedance 20,000 ohms, Vertical Out- 
put, -1 v at bottom to + 1 v at top of CRT face, 
source impedance 10,000 ohms. 

Beam Finder: Facilitates location of beam that is off scaE 
Cathode Ray Tube: 5 in. type 5AQP. 
Useful Deflection: 10 cm x 10 cm. 
Power: 115/230 v t lo%,  50/60 cps, approx. 250 w. 
Dimensions: Cabinet Mount: 145/8” high, 19” wide, 
221/8” deep. Rack Mount: 12%” high, 19” wide, 21” 

Weight: Net 75 lbs. Shipping 120 lbs. 
Accessories Furnished: 185A-21A Sync Probe. 
Accessories Available: See next page. 
Price: @ 185~4, $2,000.00 (cabinet). 

General: 

deep behind panel. 

*The present lack of pulse generator which can provide a pulse 
sufficiently fast and distortion free to serve as a waveform standard 
makes it difficult to specify the step response of @ 187B. The speci- 
fied rise time of less than 0.5 nsec is that observed from a tunnel 
diode pulse generator and includes the rise time of the pulse gene- 
rator i tself ,psrhated at 0.2 nsec. The actual rise time of the 187B, 
based on its measured bandwidth (over 800 MC), is less than 0.44 
nsec in case ( A ) ,  less than 0.35 nsec in case ( B ) .  

Data subject to  change without notice. 
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ACCESSORIES FOR @ 185A 1,000 MC OSCILLOSCOPE, 

@ 1878 DUAL TRACE AMPLIFIER 

@ 185A-21A Sync Probe 
Furnished with the @ 185A Oscilloscope, this probe pro- 

vides a convenient means for connecting synchronizing sig- 
nals to the scope. The probe increases input impedance to at 
least 700 ohms, reduces trigger sensitivity about 6: 1. Price, 
$51.00. 

@ 187A-76A BNC Adapter 
These adapters, two of which are furnished with the @ 

187B Scope, convert the signal probe of the 187B to a male 
BNC connector, permit viewing of signals from BNC fit- 
tings. Price, $8.00. 

@ 187A-766  Type N Adapter 
This adapter converts the @ 187B signal probe to a Type 

N connector. It is a straight-through connection and not a 
cable matching termination. Price $10.00. 

@ 187A-76C 1O:l Divider 
Signals as large as 20 v peak-to-peak may be observed 

with this divider, which increases the input impedance of the 
probe to 1 megohm shunted by 3 pf. The divider has an 
axial pin for contacting test points and will accept most other 
accessories. Does not fit @ 187B-76E 50-ohm T Connector. 
Price, $40.00. 

@ 187A-76D Blocking Capacitor 
Used directly with the signal probe or with the probe and 

@ 187A-76C 10: 1 Divider, this blocking capacitor permits 
the observation of signals +600 v from ground. The block- 
ing capacitor contributes negligible sag, adds to the input no 
more than 0.5 pf shunt capacitance. Price, $3.50. 

@ 187B-76E 50-ohm T Connector 
The 187B-76E T connector may be inserted into a 50- 

ohm transmission line so that the scope probe can be used 
to monitor the signal on the line. Insertion loss is low, so 
that the T (with probe inserted) does not disturb the line 
or appreciably attenuate the signal being transmitted. The T 
Connector and a low reflection load (such as the @ 908A) 
may be used to terminate the 50-ohm line in its characteristic 
impedance while observing the signal with the oscilloscope. 
Price, $35.00. 

@ 9 0 8 A  50-ohm Coaxial Termination 
@ 908A is a low power termination for 50-ohm trans- 

mission lines. Its SWR is 1.05 or less at any frequency, dc 
to 4,000 MC. Dissipation is Y2 w. Price $35.00. (See also 
page 189.) 

@ AC-16V Delay Line 
The @ AC-16V Delay Line is designed expressly for use 

with the 185A when a signal delay must be inserted in the 
signal path. Bandpass is approximately 1 GC (KMC), and 
delay is 120 ns. Price, $200.00. 

@ 185A-76A Sync Take-off 
For synchronizing the l85A Oscilloscope from the signal 

to be viewed, the 185A-76A is connected at the input end 
of the AC-16V Delay Line to split the signal into two parts. 
One part goes through the delay line to the scope signal 
input; the other goes directly to the trigger input of the 
scope and arrives 120 ns before the signal to be viewed. In- 
sertion loss is approximately 6 db for both signal and trigger 
channels. Price, $50.00. 

$3 185A-21 Divider Probes; ($3 AC-16W Cable 
4 probes, with division ratios (when terminated by 50- 

ohms) of 5 ,  10, 50 and 100 to 1 provide a high impedance 
signal input while triggering the @ 185A from the signal 
itself. Input capacity is 0.4 pf, resistance 250 to 5000 ohms, 
depending on division. AC-l6W Cable connects dividers to 
185A-76A or 187B-76E; gives you a flexible lead intmt to 
AC-16V. Price, @ 185A-?lC, D, E or F, $40.00. 6 AC- 
16W, $10.00. 

@ H01-184A Synchronizing Trigger Unit 
This count-down device permits viewing of signals up to 

800 MC with the @ 185A Oscilloscope. The H01-184A 
generates trigger signals at a rate suitable for the 185A from 
signals between 50 and 800 MC. Its output is approximately 
a squarewave and is locked to the input frequency. 

Specification s 
Input Frequency: 50 to 800 MC. 
Input Impedance: 50 ohms; SWR less than 1.2, 50 to 800 MC. 
Sensitivity: 200 mv p-p sine wave; less for other wave shapes. Will 

operate with smaller signals with some increase in jitter. 
Jitter: When viewing signal on @ 185A: less than 2% of one rf 

cycle, 50 to 400 MC; less than 5% of one'rf cycle, 400 to 800 MC. 
Output Frequency: 10 to 20 MC; submultiple of input frequency., 
Output Waveform: Approx. square wave, 500 mv p p  into 50 ohms. 
Output  Signal a t  Input Jack: Less than 15 mv p-p. 
Power: Two size D flashlight cells, life approx. 300 hrs. 
Price: $215.00. 

Data subject to change without notice. 
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@ 196A OSCILLOSCOPE CAMERA 

Full-Sized, Distortion-Free, Scalable Photos, Transparencies Quickly 

Model 196A Oscilloscope Camera is the most convenient 
and versatile means yet devised for recording oscilloscope 
traces on either film or transparency. 

Results are as sharp and clear as the cathode ray tube trace 
itself; the camera’s new f l l . 9  lens has imperceptible distor- 
tion which means pictures may be scaled accurately. A 10 
cm graticule fills the full film area, and multiple exposures 
are easily achieved by a one-hand adjustment moving the 
lens through 11 detented positions. Model 196A may be 
used with new Polaroid@ Land Type 47 film which offers 
materially improved resolution and 10 second development 
time. 

Mount, Unmount in Seconds 
Operation is simplicity itself. The camera mounts in sec- 

onds on the oscilloscope with a sturdy, one-hand clamp fitted 
with a quick-lock tab. The f-stop and shutter may be ad- 
justed while the camera is mounted on the scope, Use of a 
professional camera bellows prevents film loss from light 
leakage. The entire unit, including the Polaroid Land Camera 
back, is compact, rugged, lightweight and extremely con- 
venient. 

Specifications 
Object/lmage Ratio: 1 to 0.9. Available with 1 to 1 ratio. 

Lens: Wollensak 3” (75 mm) f / l . 9  Oscillo-Raptar. 

Focus: Factory adjusted for CRT face 5/16” behind front 

Lens Opening: f / l . 9  to f / l6 .  

Shutter: Alphax # 3 .  Time, Bulb, 1/100, 1/50, 1/25, 1/10, 

Print Size: 3%” x 4%”. Image Area 27 /”  x 3-13/16” (7.3 

Film: Polaroid@ Land types 42, 44, 46, 46-L, 47. 

Size: 13%” long, 9%” high, 10” wide. Weights: net 9 lbs., 
shipping 18 lbs. (32 lbs. in carrying case). 

Accessories Available: @ 196A-45 Carrying Case, $40.00; 
@ 196A-20 Tektronix Adapter, $4.50. 

Price: $440.00. 

surface. May be adjusted for other distances. 

1/5,  1 / 2 ,  1 second. 

cm x 9.6 cm). 

Data subject to change without notice. 

Up to 11 equally spaced exposures available. 

Two 4 x 10 cm field exposures-note no overlapping. 
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OSCILLATORS 

Oscillators are among the most basic 
and useful of all electrical and elec- 
tronic measuring instruments. They 
provide a convenient source of power 
or test voltage for almost all measure- 
ments, including frequency, gain, im- 
pedance, distortion, etc. 

There are three primary types of 
oscillators. These may be defined as (1) 
Beat-Frequency, (2)  Coil Capacitor or 
LC and ( 3 )  Resistance-Capacity or RC 
oscillators. 

Throughout the years, the RC oscil- 
lator has become recognized as the most 
versatile, practical, dependable and 
easiest to use of all oscillator types. 
Hewlett-Packard pioneered and de- 
veloped the RC oscillator, and is today 
the leader and largest manufacturer of 
this superior type of instrument. @ 
RC oscillators are highly stable, have 
wide frequency range and provide 
operating flexibility which makes them 
useful for many different kinds of mea- 
surements. They are extremely simple to 
operate and require no tedious re-set- 
ting or adjustment during operation. 
They are lightweight, easily portable, 
and compact in size to occupy a mini- 
mum of bench space. Dependability of 
operation is assured by clean, simple 
circuitry and painstaking construction 
from quality components. 

These many advantages may be com- 
pared with the low stability, constant 
need for adjustment, narrow frequency 
range, inflexibility, large size and con- 
siderable weight of other oscillator 
types. 

The @ series of oscillators includes 
11 separate instruments which are es- 
sentially resistance-capacity oscillators. 
Collectively, they operate from 0.008 
cps to 10 MC, covering the audio, sub- 
sonic, ultra-sonic and low rf regions. 

The circuit of the @ RC oscillator is 
shown in Figure 1. It is fundamentally 
a two-stage amplifier having both nega- 
tive and positive feedback loops. The 
positive loop, which includes the fre- 
quency-selective network, causes the 
circuit to oscillate. 

Figure 3 illustrates the amplitude 
and phase characteristics of the fre- 

quency determining network. Note that 
at the resonant frequency f, phase shift 
is zero and amplitude is maximum. The 
resonant frequency is given by the ex- 
pression 

1 

2 ?i RC. 
f, =- This expression shows 

that the frequency or tuning span can 
be made as wide as the capacity vari- 
ation in a tuning capacitor. Thus 10:1 
frequency variations in a single sweep 
are easily obtained, and a number of 
bands can be used by changing the pairs 

High Frequency Oscillators 

The high frequency limit of the RC 
oscillator is determined by the plate 
loading on the second tube of the oscil- 
lator. The impedances of the positive 
and negative feedback loops are in par. 
allel and the combination is in parallel 
with the plate feed resistor for the tube. 
At high frequencies, the combination 
impedance becomes low and reactive, 
thereby reducing the gain of the cir- 
cuit and introducing phase shift. As a 
result, the distortion increases and the 

Figure I .  Basic Circuit @ RC Oscillator 

of resistances. The negative loop em- 
ploys a non-linear ballast resistance R, 
(usually a lamp), which automatically 
adjusts its resistance to compensate for 
variations in output amplitude, This 
results in very flat frequency response 
and low distortion over the entire range. 
(See Figure 2.)  

Low Frequency Oscillators 

@ RC oscillators have been designed 
to generate frequencies below 1 cps and 
over 1 MC. The low frequency limit is 
set by the ballast element. The thermal 
time-constant of the lamp (ballast ele- 
ment) is such that at lower frequencies, 
lamp resistance tends to change in ac- 
cordance with the variations in ampli- 
tude of the individual cycles of opera- 
tion. This results in severe distortion of 
the output waveform. Therefore it is 
necessary to (1) use a ballast elgmgnt 
having relatively greater thermal iner- 
tia, or ( 2 )  operate the lamp at a point 
where radiation from the lamp is low. 

errors in calibration become severe. To 
cut down the plate loading effect, the 
combination impedance is made as high 
as possible. This is achieved partially by 
reducing the capacity of the tuning 
capacitor, and partially by raising 
the gain of the,,second stage (through 
use of tubes with higher transconduc> 
tance values), At higher frequencies 
the reduction of gain and negative feed- 
back makes the oscillator more suscep- 
tible to drifts or variations caused by 
tube aging and supply voltage changes. 
As a result it is common practice to 
operate the circuit from a regulated 
power supply. 

Most @ oscillators use an output 
amplifier whose main function is to iso- 
late the oscillating circuit from the 
“work” circuit. Thus, change in the 
work circuit does not reflect back to the 
oscillator and alter its amplitude, fre- 
quency or distortion characteristics. 
However, a unique arrangement is used 
in the @ 200CD Wide Range Oscil- 
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lator where the output is taken from 
push-pull cathode followers directly to 
the output transformer. The cathode 
followers offer a very low impedance 
source to the load and thus provide 

voltages, currents and fields. Causes of 
hum are stray electrostatic and magnetic 
fields, alternating current in tube fila- 
ments or heaters, and discrepancies in 
filtering of power supplies. 
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effective isolation of the oscillator sec- 
tion. 

There are, in general, two types of 
output circuitry used in @ oscillators 
depending upon the desired results. For 
very low distortion, low frequency, and 
low power output, RC coupled output 
is used. For high power or where oari- 
able source impedance is required, 
transformer output is generally em- 
ployed. 

Distortion 

Inherently, the RC oscillator is a gen- 
erator of low distortion voltages. Dis- 
tortion depends upon the linearity of 
the transfer characteristics of the tubes. 
By a suitable selection of tubes, distor- 
tion in @ oscillators is approximately 
1 / 4 % .  The very low distortion obtained 
is primarily third harmonic. (Second 
harmonic distortion is minimized by ad- 
justing the dc voltages on the tube elec- 
trodes so that second harmonic distor- 
tion generated by one tube of the oscil- 
lator is partially cancelled by the other 
tube’s transfer characteristics.) For ap- 
plications requiring very low distortion, 
a selective amplifier following the oscil- 
lator can be used. 

Hum 

Hum is defined as alternating cur- 
rents appearing in the output of an os- 
cillator as a result of power-frequency 

As the output volt- 
age of the audio oscil- 
lator is reduced, the 
hum voltage tends to 
remain constant. At 
lower output levels 
this hum voltage be- 
comes quite large rela- 
tive to the sine wave 
output voltage. This 
undesirable condition 
can be remedied by 
operating the RC os- 
cillator at or slightly 
below rated output,  
and inserting a suitable 
attenuator between the 

oscillator and the equipment driven. 
The “voltage divider” circuit shown in 
Figure 4 is satisfactory for most appli- 
cations. Other values of resistance may 
be used to obtain different voltage divi- 
sion, but the total load presented to the 
oscillator should be less than the rated 
load to prevent distortion of the signal 
due to saturation of the oscillator out- 
put stages. 

Accuracy 

“Overall accuracy” as applied to a 
variable-frequency oscillator is a gen- 
eral term including factors such as in- 
herent circuit stability, mechanical sta- 
bility, resettability of the tuning system, 
readability of the tuning dial, dial cali- 
bration, component aging, power sup- 
ply variations and temperature changes. 
Some of these factors affect short time 
stability; others affect long time stabil- 
ity. The accuracy specification of with- 
in 2% usually given for RC oscillators 

Figure 4. Voltage Divider Circuit. 

includes all of these factors. (Typical 
long time aiid short time stability are 
shouvz iiz Figures 5 aiid 6 . )  

Description of @ Oscillators 

@ 200 series Oscillators (see pages 
36 to 4 3 )  are designed for general-pur- 
pose applications, such as checking per- 
formance of audio amplifiers, broad- 
cast transmitters and similar equipment, 
checking vibration and stability of me- 
chanical systems, and as voltage sources 
for bridge measurements, etc. Their 
outputs are sufficient to modulate signal 
generators and drive other equipment 
requiring considerable power. The use- 
fulness of these oscillators is greatly in- 
creased by their  compact size, l ight 
weight and easy portability. @ 2001 is 
especially suitable for interpolation 
work and for applications where the 
frequency of oscillation must be known 
very accurately. 

@ 650A (pages 40, 4 1 )  provides 
the widest range of any of the general- 
purpose oscillator group. It operates up 
to 10 MC and down to 10 cps. It is de- 
signed with an output voltage meter- 
ing system followed by an adjustable 
attenuator. In these respects, the instru- 
ment resembles a signal generator. As a 
basic laboratory,itool, the 65014 is pop- 
ular because of its high degree of flexi, 
bility. It can be used to test rf, video, 
ultra-sonic and audio equipment. 

@ 202A Low Frequency Function 
Generator (pages 38, 39)  incorporates 
a circuit concept developed by @ .  The 
instrument’s nominal low frequency 
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Figure 3. Characteristics of Frequency Determining Network. 
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Figure 6. Typical short-term stability of RC oscillator. 

limit is 0.008 cps and it can generate 
sinusoidal, square and triangular out- 
put waveforms. The circuit design of 
this instrument is such that transient 
conditions caused by range switching or 
frequency changing are virtually non- 
existent. This is of considerable con- 
venience in low frequency work where 
much time is required for ordinary cir- 
cuits to stabilize. 

@202C (page 3 7 )  is an RC type low 
frequency oscillator. Its applications in- 
clude geophysical and medical work, 
and the study of servo and other low- 
frequency electrical and mechanical sys- 
tems. 

An inexpensive but particularly ver- 
satile oscillator covering the audio band 
is the @ ZOIC, (page 37) which com- 
bines the features of high output ( 3  
watts or 42.5 volts into 600 ohms), an 
accurate step attenuator, and a very low 
distortion output. Distortion is less than 
0.5% at power levels up to 1 watt, 
making the instrument ideally suited 
for high fidelity audio work. (See also 
the @20GA, page 49.) 

$$ 233A oscillator (page  4 2 )  is 
widely used in testing carrier-communi- 
cations equipment. The output system 
of this instrument is balanced, thus per- 
mitting operation directly into balanced 
lines. 

Its high power output (3  watts into 
600 ohms) makes possible tests over 
loops of 100 to 200 miles in length. A 

unique feature is the incorporation of 
an internal modulator which allows the 
generated frequency to be modulated 
by a standard telephone set, thus per- 
mitting voice communication between 
the test point and terminal. 

These features, plus wide frequency 
coverage (50 cps to 500 KC) make the 
233A suitable for testing many types 
of carrier communication systems, as 
well as a wide variety of other appli- 
cations. 

@ 200s is a version of @ 200CD 
Oscillator designed to provide 3 volts 
into 50 ohms required by @ 739AR 
Frequency Response Test Set. Together 
Models 200s and 739AR quickly and 
accurately determine frequency response 
of ac vacuum tube voltmeters between 
5 cps to 10 MC. In addition, these in- 
struments in combination may be used 
to measure frequency response of oscil- 
loscopes, amplifiers and filters. @ 200s 
is also part of the 3-instrument Hewlett- 
Packard Voltmeter Calibration System 
which provides both frequency response 
and voltage calibration. Further details 
of this system appear on page 83. 

Waveform distortion and output im- 
pedance of Model 200s have been made 
low to insure reliable measurements. 

I@ Model 200T is a precision-fele- 
metering test oscillator specifically de- 
signed to provide the highest possible 
frequency stability in a commercial, 

wide range audio oscillator. It covers 
the frequency range from 250 cps to 
100 KC. The band spread is arrangcd 
to provide wide overlap so that the 
entire IRIG spectrum for FM-FM tele- 
metering is covered without splitting a 
single telemetering channel. 

T h e  newest @ oscillator, Model 
204B, fills the need for a portable, bat- 
tery operated oscillator. This unit covers 
the frequency range from five cycles to 
500 KC and is particularly useful in 
combination with the battery operated 
@ 403A voltmeter for field test work 
or in any situation where portability of 
instruments is needed. In many cases, 
the @ 204B will be very useful because 
of its freedom from any ground con- 
nection and, therefore, from any power 
line frequency components, as in the 
case when measuring 60 cycle beat ef- 
fects in  ac voltmeters. T h e  familiar 
lamp element in the @ Weinbridge 
circuit has, in this case, been omitted, 
and amplitude stability depends upon 
diode peak rectifiers which compare the 
rectified signal against a stabilized dc 
source. This circuit then feeds back to 
the oscillator and controls amplitude 
level. Flat frequency response of i3cjO 
is obtained across the entire frequency 
range. The all-solid state circuitry may 
make this instrument desirable in cases 
where high sound levels or vibrations 
are present in magnitudes that would 
excite vibrations in tube elements. 

Oscillator Output System 

@ 200AB and 200CD Oscillators 
have been designed with balanced out- 
put transformers. Excellent balance is 
available with the 200AB throughouL 
its frequency spectrum. Power output 
is controlled by increasing or decreas- 
ing the drive to the power amplifier. 

The output level of the 200CD ( 5  
cycles to 600 K C )  is controlled by 
means of a single bridged T attenuator 
following the transformer. This system 
has the advantage of attenuating noise 
and hum in the same proportion as the 
signal. At high frequency and high 
attenuation levels some unbalance is 
present, If a high degree of balance at 
these levels is required, @ AC-60A 
Line Matching Transformer can be 
used. Complete specifications and appli- 
cation data on the AC-60 series of line 
matching transformers is given on page 
192. 
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@ 200 SERIES AUDIO OSCILLATORS 

Exceptional Value, Highest Quality Throughout 

Advantages: 

No zero setting. High stability 
Constant output 
Wide frequency range 
Logarithmic scale 
Low distortion 
Compact, light weight 

Use For: 

Amplifier testing 
Transmitter audio response 
Voltage source for bridge measurements 
Modulating signal generators 
Ultrasonic voltage source 
Driving mechanical systems 
Synchronizing pulse generators 
Loudspeaker resonance tests 

Hewlett-Packard RC oscillators have long been basic tools 
for making electrical and electronic measurements of precise 
accuracy. These world-famous test instruments give you the 
most compact, dependable, accurate and easy-to-use com- 
mercial oscillators available. 

The @ 200 series oscillators have high stability and ac- 
curate, easily resettable tuning circuits. Low impedance op- 
erating levels together with superior insulation guarantee 
peak performance throughout years of trouble-free service. 
The instruments have wide frequency range and long dial 
lengths and feature an improved vernier frequency control. 
Operation is simplified-just three controls are required. In- 
struments are compact, light in weight and enclosed in a con- 
venient, aluminum case with carrying handle. They occupy 
minimum bench space and are easily portable. Rack mount- 
ing is available on order. 

@ 2 0 0 A B  Audio Oscillator 
Low Cost, 20 cps to 40 KC 

This basic oscillator is a compact, convenient source of 
precision audio test voltages at extremely low price. Fre- 
quency coverage is 20 cps to 40 KC in four overlapping 
bands. The 63” effective scale length and 72 dial divisions 
insure accurate direct frequency setting. Output is balanced 
for dependable driving of transmission systems. The 200AB 
is ideal for amplifier testing, as a bridge voltage source, for 
testing transmitter modulator response, modulating signal 
generators, syncing pulse generators and making loudspeaker 
resonance tests. @ 200 AB, $165.00 (cabinet) ; @ 200ABR, 
$170.00 (rack mount). 

@ 2 0 0 C D  Wide Range Oscillator 
Multi-Purpose, 5 cps to 600 K C  

One of the most popular of all @ oscillators, Model 
200CD covers the range 5 cps to 600 KC and is particularly 
useful for testing servo and vibration systems, medical and 
geophysical equipment, audio amplifiers, sonar and ultra- 
sonic apparatus, carrier telephone systems, video frequency 
circuits, etc. Waveform purity is maintained with extremely 
low loads. Fte-quency is covered in 5 decade ranges, and 
accuracy is + 2% including warmup, aging, tube changes, 
etc. Frequency response is + 1 db full range. @200CD, 
$195.00 (cabinet); @ 200CDR, $200.00 (rack mount). 
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Specifications 
Mode, Frequency Calibration Output to ~~~~~~ Maximum Max. Hum Input Weight-Lbs. Size (Inches) 

Range Accuracy 600 ohms Distortion & Noise fl Power Ne) Shin W H D 

I yo 20 cps 

70 15 2 0  7 y . x  111/2x I 2  $165.00 
I watt to  20  K C  

to 40 KC 

20 cps to 

( 4  bands) 
2OOAB 40 K C  * 2 %  (24.5v) 600ohms 2% 2o KC 0.05% 

2OOCD 600 ohms* 500 K C  
I yo 500 K C  
and  abave  ," """"a, 0. I yo 75 

watts 22 27 195.00 

3 watts 20 cps to  

(3 bands) watts 
Z O I C  2 0 K C  * I % +  ( 4 2 . 5 v )  600ohms** 0.5y0$ 0.03% 75 16 23 71/2x l l y 2 x  121/2 250.00 

2 0 2 c  
I cps to  
100 K C  

( 5  bands)  
* 2% I60 mw 

I O  volts 600 ohms* 0. I yo 75 
watts 27 33 300.00 

*Internal impedance i s  600 ohms. Frequency and distortion unaffected by load resistance. Balanced output with amplitude control a t  100. Use line matching trans- 
former for other control settings. **Internal impedance approximately 600 ohms with output attenuator at IO db or more. Approximately 75 ohms below 5,000 cps 
with attenuator at zero. t Internal, non-operating controls permit precise calibration of each band. t0.5y0, 50 cps to 20 KC at I watt output. 1.0% over fu l l  range 
at  3 watts output. §Above 5 cps. fMeasured with respect to fu l l  rated output. 

Frequency Response: Flat a 1 db over instrument range. 
Reference level at 1 KC. 

Size and Weight: Maximum overall size and weights are 
given for cabinet models. 19" rack models also available. 

Power Source: 115 or 230 volts f 10% at 50 to 1,000 cps. 
Accessories Available: AC-16A Cable Assembly, $4.50; 

AC-16B Cable Assembly, $5.50; AC-60A/B Line Match- 
ing Transformers, see page 192. 

Data subject t o  change without notice. 

@I 201C Audio Oscillator 
High Power, 20 cps to 20 KC 

Particularly designed for amplifier testing, transmission 
line measurements, loud speaker testing, frequency compari- 
son and other high fidelity tests, this audio oscillator meets 
every requirement for speed, simplicity and pure waveform. 
The frequency range 20 cps to 20 KC is covered in 3 bands; 
response is f 1 db full range. Output is 3 watts or 42.5 
volts into 600 ohms; an attenuator adjusts output 0 to 40 db 
in 10 db steps and provides either low impedance or constant 
600 ohm impedance. Distortion above 50 cps is less than 
0.570. @ 201C, $250.00 (cabinet); @ 201CR, $255.00 
(rack mount). 

c 

@ 2 0 2 C  Low Frequency Oscillator 
Excellent Waveform, 1 cps to 100 KC 

Model 202C brings to the low frequency spectrum the 
accuracy and stability you associate with audio measurements. 
It provides excellent waveform throughout its broad fre- 
quency range of 1 cps to 100 KC, and has unique usefulness 
in industrial, field or laboratory work. Model 202C is ex- 
tremely convenient for vibration, stability, electro-cardio- 
graph, electro-encephalograph and other measurements in 
the subsonic, audio and ultrasonic fields. Distortion is less 
than 0.5%, hum voltage is less than o.l7,, and recovery 
time is extremely short-5 seconds at 1 cps. @ 202C, $300.00 
(cabinet) ; @202CR, $305.00 (rack mount). 
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@ 2 0 2 A  LOW FREQUENCV FUNCTION GENERATOR 

Transient - Free Voltages to 0.008 cps; Sine -Square -Triangular Waveforms 

Advantages: 

No transients 

Range 0.008 to 1,200 cps 

Sine, square, triangular waves 

Continuously variable 

High stability 

Flat frequency response 

Distortion less than 1 "/o 

Versatile, multi-purpose 

Use It For: 

Vibration studies 

Servo applications 

Medical research 

Geophysical problems 

Subsonic, audio testing 

The @ 202A Low Frequency Function Generator is a 

compact, convenient, multi-purpose source of transient-free 

test voltages, particularly useful for testing servo, geophysi- 

cal and medical equipment, and for the electrical simulation 

of mechanical phenomena. 

The instrument is continuously variable through 5 bands 

covering all frequencies from 0.008 cps to 1,200 cps. It 

offers exceptional stability and distortion of less than 1% 

over most of the band. Any of three desired waveforms- 

sine, square or triangular-may be instantly selected by a 

front panel switch. Output is high-30 volts peak-to-peak 

-for all three waveforms and is essentially constant over 

the entire frequency range. 

Description 

@ 202A differs from conventional low-frequency oscilla- 

tors in that the sine wave is electronically synthesized. A con- 
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trolled bi-stable circuit generates a rectangular wave. This 

wave is passed through a special integrator providing a true 

triangular wave. (See Figure 2 A . )  

The triangular wave then enters a shaping circuit designed 

by @ exclusively for this equipment. In this circuit, 12 crys- 

tal diodes modify or “shape” the peaks of the wave and 

provide a true sine wave. (See Figure 2B.) This sine wave 

has a distortion of less than 1 “/c, and the synthesizing circuit 

provides virtually transient-free output even when frequency 

and operating conditions are rapidly varied. It is not neces- 

sary to wait long periods of time for the circuits to stabilize 

as is the case with conventional low frequency oscillators. 

The circuit inherently maintains constant amplitude over the 

entire frequency range. 

Special Features 

The output system of @ 202A is fully floating with 

respect to ground and may be used to supply a balanced 

voltage or an output voltage with either output terminal 

grounded. The equipment will deliver 10 volts RMS into 

a load of 4,000 ohms or greater. Throughout, internal im- 

pedance is only 40 ohms. There are no coupling capacitors 

in the output system, and a high degree of dc balance is 

achieved by the special circuitry. 

The instrument is ruggedly constructed of quality com- 

ponents; it is unusually simple to operate; and it is adapted 

to the widest possible variety of low-frequency field or lab- 

oratory work. It is available in a cabinet, as illustrated, for 

relay rack mounting or with end frames for table use. 

Specifications 

Frequency Range: 0.008 to 1,200 cps in five decade ranges. 

Dial Accuracy: 2% from 1.2 to 12; 3% from 0.8 to 1.2. 

Frequency Stability: Within 1 “/c including warmup drift. 

Output Waveforms: Sinusoidal, square, and triangular. 

Maximum Output Voltage: At least 30 volts peak-to-peak 
across rated load (4,000 ohms) for all three waveforms. 

Internal Impedance: Approximately 40 ohms over the entire 
range. 

Sinewave Distortion: Less than 1% on x .01, x . I ,  x 1, and 
x 10 ranges; less than 2% on x 100 range. 

Output System: Output is isolated from ground and either 
side may be grounded. Output system is direct coupled; 
dc level of output remains stable over long periods of 
time and can be adjusted to zero by a front panel conttol. 

Frequency Response: Constant within 0.2 db. 

Hum Level: Less than 0.05% of maximum output. 

Sync Pulse: 10 volts peak negative, less than 5 psec dura- 
tion. Sync pulse occurs at crest of sine and triangular wave 
output. 

Power: 115/230 v t l o%,  50/1,000 cps, approx. 150 
watts. 

Dimensions: Cabinet Mount: 20%” wide, 12%’’ high, 
1478” deep. Rack Mount: 19” wide, l O l / , ”  high, 13” 
deep. Also can be used with @ AC-17 End Frames. 

Weight: Net 42 lbs. Shipping 53 Ibs. (cabinet mount). 
Net 37 lbs. Shipping 52 lbs. (rack mount). 

Accessories Available: AC-16A sable Assembly, $4.50, 
AC-16B Cable Assembly, $5.50. 

Price: @ 202A, $550.00 (cabinet); @ 202AR, $535.00 
(rack mount), 

Data subject to change uithout Izotice. 

Figure I .  Oscillogram shows freedom from transients as 
output frequency is rapidly changed. 

Figure 2. Oscillogram of ( A )  triangular wave applied 
to special @ developed shaping circuit and (B)  resulting 

true sine wave. 
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@ 6 5 0 A  TEST OSCILLATOR 

Fast, Accurate Tests 10 cps to 10 MC 

Advantages: 

No zero set 

Wide frequency range 

No adjustments during operation 

Output voltage attenuator 

Self-contained vacuum tube voltmeter 

High stability 

Ease of operation 

Use It For: 

Testing television amplifiers 

Wide-band systems 

Filter transmission characteristics 

Tuned circuit response 

Determining receiver alignment 

Telephone carrier measurements 

Bridge measurements 

The @ Model 650A Oscillator brings audio frequency 
speed, accuracy and ease of operation to higher frequency 
fields. Its wide frequency range, 10 cps to 10 MC, makes it 
ideal for a wide variety of measurements in audio, ultrasonic, 
video and rf bands. It is a wide-band highly-stable precision 
instrument which provides output flat within 1 db through- 
out its frequency range. Its voltage range is 0.00003 volts to 
3 volts. Output impedance is 600 ohms, and, for measure- 
ments where low source impedance is desired, a 6 ohm im- 
pedance is provided by means of an output voltage divider. 

Decade Ranges, Output Voltmeter 

Like other @ resistance-capacitance oscillators, Mode1 
650A is fast  and easy to operate. Six decade frequency 
ranges provide an effective scale length of 94 inches. The 
tuning dial is controlled directly, or with a 6 to 1 vernier 
microdrive for hairline adjustment. Frequencies are read 
through a no-parallax illuminated window. 

The output voltage is monitored by a vacuum tube volt- 
meter which measures the voltage at the input to the atten- 



uator system. The VTVM is calibrated in volts and decibels 
and reads actual output voltage when the attenuators are set 
for zero attenuation. For other attenuator settings true output 
voltage is obtained by subtracting the attenuator reading 
from the output voltmeter reading. The output attenuator is 
adjustable in 10 db steps and maximum attenuation is 50 db. 
The voltage applied to the vacuum tube voltmeter and thus 
to the output attenuator is set by means of an amplitude con- 
trol. The attenuated output voltage is correct only when the 
output terminals are loaded with 600 ohms, resistive. 

Output Voltage Divider 

Where small test signals or a low source impedance is 
required, a voltage divider is provided (shown connected to 
instrument in Figure 1). The divider consists of a cable and 
terminating connector which may be extended to the actual 
point of measurement. Two sets of voltages are obtainable 
from this divider. One voltage is one one-hundredth of the 
normal output voltage from the 650A and is delivered from 
a source impedance of only 6 ohms. True voltage is obtained 
at these terminals when they are connected to a load resist- 
ance large compared to 6 ohms. The second voltage is the 
actual output voltage of the Model 650A and is delivered 
from a source impedance of 300 ohms. Proper voltage is 
obtained at these terminals when working into a load resist- 
ance large compared to 300 ohms. 

Figure I 

Circuits of the @ Model 650A have been carefully pro- 
portioned and low temperature coefficient components have 
been employed to assure highest frequency stability. Output 
voltage will remain constant over long periods of time, de- 
spite wide variations in temperature. Distortion over the low 
frequency bands is kept at a minimum to increase the use- 
fulness of the instrument for audio measurements, 

Uses 

Employing essentially the same resistance-capacitance cir- 
i cuit as @ audio oscillators (see pages 3.3, 34, 35 f o r  desrrip- 

tion of @ resistance-capacitance principle) this wide-band, 
stable @ Model 650A is ideally suited for laboratory and 
production jobs where fast, accurate wide band measure- 
ments are required. It is specifically designed for the testing 
of television amplifiers, audio amplifiers, filter networks, 
tuned circuits and telephonic and telegraphic carrier equip- 
ment. It serves admirably as a power supply for af and rf 
bridge measurements. 

Spec if icati o n s  

Frequency Range: 10 cps to 10 MC. Six decade bands. 

Calibration Accuracy: 2 2 7 6 ,  10 cps to 100 KC, &3%, 
100 KC to 10 MC including warmup, and *lo% line 
voltage variation, 

Output: 15 milliwatts or 3 volts into 600 ohm resistive load. 
Open circuit voltage is at least 6 volts. 

Source Impedance: 600 ohms; 300 ohms or 6 ohms when 
using 65A-16D Output Divider Cable. 

Frequency Response: Flat within -t-l db, 10 cps to 10 MC 
into 600 ohm resistive load. 

Distortion: Less than 1% from 20 cps to 100 KC. Less than 
2 %  from 100 KC to 1 MC, approximately 5% at 10 MC. 

Output Monitor: Vacuum tube voltmeter monitors level at 
input to attenuator, in volts or db at 600 ohm level. Zero 
db=1 mw in 600 ohms. Accuracy *55& of full scale 
reading. 

Output Attenuator: Output level attenuated 50 db in 10 db 
steps, providing continuously variable output voltage from 
+12 dbm to -50 dbm, 3 volts to 3 millivolts, or down 
to 30 microvolts with voltage divider. Accuracy t l  db, 
into resistive load of 600 ohms. 

Hum Voltage: Less than 0.5% of o’;tput voltage with meter 
-c at full scale. 

Power: 115/230 v -+ lo%,  50/1,000 cps, 165 watts, 

Dimensions: Cabinet Mount: 20%” wide, 123/4ff high, 15”  
deep. Rack Mount: l g f f  wide, high, 15’f deep be- 
hind panel. Also can be used with @ AC-17 End Frames. 

Weight: Net 46 lbs. Shipping 55 Ibs. (cabinet mount). 
Net 37 lbs. Shipping 52  lbs. (rack mount). 

Accessories Furnished: 1 65A-16D Output Divider Cable. 

Accessories Available: AC-16A Cable Assembly, $4.50; 
AC-16B Cable Assembly, $5.50. 

Price: @-6?OA, $550.00 (cabinet); @ 650AR, $535.00 

Data subject to chaiige without notice. 

(rack mount). 

41 



@ 2OOJ. 200T, 2 3 3 A  SPEClAL PURPOSE OSCILLATORS 

@ 2OOJ Interpolation Oscillator 
Maximum Band Spread, 

6 cps to 6 KC 
This ultra-precision instrument is engineered for interpolation and 

frequency measurements where frequencies must be known with ex- 
treme accuracy. Covering the range 6 cps to 6 KC, Model 200J offers 
an output of 160 mw or 10 volts into 600 ohms, or 20 volts open 
circuit, balanced to ground. Distortion is less than 0.5%, and fre- 
quency stability is *2.0% or 0.2 cps. The instrument has 6 spread 
scale frequency ranges, and an effective scale length of 80” for maxi- 
mum resettability. Calibration accuracy is t 1.0%, and frequency 
response is 1 db full range. Hum voltage is less than 0.1% of out- 
put, 115/230 v * l o % ,  50/1,000 cps, 110 watts. Cabinet mount, 
7%‘‘ wide, 111/2” high, 14%“ deep. Rack mount, 19” wide, 7“ 
high, 1 2 % ”  deep behind panel. Weight:  cabinet mount, net 22 Ibs., 
shipping 27 lbs.; rack mount, net 27 lbs., shipping 37 lbs. @ 2OOJ, 
$350.00 (cabinet); @ 200JR, $355.00 (rack mount). 

@ 2OOJ 

@ 2 0 0 T  Telemetry Oscillator 
High Stability, Resolution; 

250 cps to  100 KC 

@ 200T 

@ 233A 

Model 200T provides the highest possible frequency stability in 
a wide range, convenient commercial audio oscillator. It is particu- 
larly useful for precise, high resolution frequency checking appli- 
cations such as the evaluating of telemetering circuits, determina- 
tion of carrier current equipment operation, and measurement of 
characteristics of sharply tuned filters. Model 200T covers frequen- 
cies 250 cps to 100 KC in 5 ranges, with good overlap between 
bands; output is 160 mw or 10 volts into 600 ohms, or 20 volts 
open circuit. Calibration accuracy f 1% long term, frequency re- 
sponse f 1 db full range. High stability, distortion less than 0.5% 
full  range. Hum and noise less than 0.03% of rated output. 115/230 
v * l o % ,  50/1,000 cps, approx. 160 watts. Cabinet mount 18%” 
wide, 9-3/16“ high, 11%” deep. Rack mount 19“ wide, 8%” high, 
10-15/16” deep behind panel. Weight: cabinet mount, net 27 Ibs.; 
shipping 36 Ibs.; rack mount, net 28 lbs., shipping 36 lbs. The in- 
strument is compact, versatile, simple to operate and available in 
either cabinet or rack mounting. It covers IRIG (RDB)  channels 1 
through 18 and no channel is split byYbandswitching. @ 200T, 
$500.00 (cabinet); @ 200TR, $505.00 (rack mount). - 

@ 2 3 3 A  Carrier Test Oscillator 
Checks Systems, 50 cps to 500 KC 

This @ oscillator was designed specifically for checking carrier 
current systems, and covers frequencies 50 cps to 500 KC in 4 bands. 
It provides a high power output of 3 watts into a 600 ohm balanced 
load, making possible tests over loops 100 to 200 miles long. A 
second output of 6 volts into 600 ohms is available for audio tests 
(one terminal to ground).  The instrument contains a voltmeter 
which monitors output power. Provisions are made for modulating 
the carrier so that communications are available on the carrier to 
facilitate tests. Frequency stability is -+ 2% including warmup; fre- 
quency response ( 3  w output) -+ 1 db, 5 to 500 KC; ( 6  v output) 
2 1  db, 50 cps to 500 KC. Distortion less than 1% to 100 KC; 
hum voltage than 0.1% at full  output. 115/230 v *lo%, 
50/l,OOO cps, approx. 185 watts. Cabinet mount, 17%’’ wide, 11” 
high, 15”  deep. Weight: net 39 Ibs., shipping 59 Ibs. Price, @233A, 
$650.00. 

Data subject t o  change without notice. 
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@ 2 0 4 B  PORTABLE OSCILLATOR 

Transistorized, Battery-Operated, 5 cps to 500 KC, Floating Output 

Fully transistorized and battery-operated, @ 204B Oscil- 
lator is extremely useful for both field and laboratory work. 
Internal heat production is small, resulting in unusually low 
warmup drift. Stable, accurate signals are instantly available 
over a frequency range from 5 cps to 500 KC. 

Balanced and unbalanced loads, and loads referenced 
either above or below ground, can be driven by the versatile 
Model 204B. Its output is fully floating, isolated from power 
line ground and instrument chassis. Completely balanced 
output is easily obtained with a simple external matching 
network. There is excellent frequency stability even with 
rapidly changing loads; low impedance circuits drive the 
600 ohm output effectively isolating the oscillator stage. 

Flat frequency response of Model 204B provides further 
convenience of operation. At all settings of the dial and 
range switch the output is flat within + 3%. 

The small size, light weight and battery operation make 
@ 204B a portable oscillator which can easily be carried in 
one hand. This oscillator is an excellent companion for @ 
403A, a battery-operated voltmeter. In Model 204B the 
famous @ RC oscillator bridge is tuned by a variable resist- 
ance; range switching employs precision fixed capacitors. 

The new modular @ cabinet allows easy access to the in- 
strument chassis and makes an attractive, practical unit for 
portable or bench use. A rack mount adapter (see page 194) 
holds three Model 204B Oscillators or other instruments of 
the new @ modular design. 

Spec if ications 

Frequency Range: 5 cps to 500 KC, in 5 ranges. 5% overlap 

Dial Accuracy: + 3%. 

Frequency Response: t 3%,  with rated load. 

Output Impedance: 600 ohms. 

Output: 10 milliwatts (2.5 v rms) into 600 ohms; 5 v rms 

Output Control: Continuously variable bridged “T” atten- 

Distortion: Less than 1%. 

Noise: Less than 0.05%, when battery operated. 

Power Source: 4 battery cells at 6.75 volts each, 7 ma drain, 

Dimensions: Module 6-3/32!‘ high, 51/8/! wide, 8” deep. 

Weight: Net 6 lbs. Shipping 9 Ibs. 

Accessory Available: AC power supply can be installed in 

Price: @204B, $275.00. 

between ranges, vernier control. 

open circuit. Completely floating. 

uator with at least 40 db range. 

life at least 300 hours. 

place of batteries. Optional at extra cost. 

Data subject to change without notice. 





AUDIO SIGNAL AND SQUARE WAVE GENERATORS, PULSE 
AND DIGITAL DELAY GENERATORS; POWER SUPPLIES 

Hewlett-Packard offers a broad variety of signal, square 
wave and pulse generators for basic testing and investigation 
of circuits ranging from audio through the fast circuits em- 
ployed in radar, DME, Tacan, computers, etc. 

Audio Signal Generators 

One basic instrument for audio research, development, 
production and maintenance is an audio signal generator. 

Hewlett-Packard audio signal generators provide exact 
voltages across specific impedances at precisely known fre- 
quencies. They differ from audio oscillators in their ability 
to supply accurately known power even at low audio levels. 
Besides, hum is always maintained at a very low level. 

@ audio signal generators are useful in making ampli- 
fier gain measurements, determining network or transmitter 
frequency response; as signal sources for distortion measure- 
ments, in production testing or general laboratory work and 
in other applications where an accurate signal is desired. 

Circuit Description 

An audio signal generator comprises an oscillator sec- 
tion, amplifier section, a vacuum tube voltmeter, an attenu- 
ator, and a line matching transformer. (See  Figure 1. )  The 
output transformer makes several commonly used output im- 
pedances available for matching the device under test. 

@ 205AG Audio Signal Generator is a high-power, all- 
purpose instrument. It has a variable frequency between 20 
and 20,000 cps at any voltage, 50 microvolts to 150 volts 
( 5  watts), with less than 1 % distortion. 

@ 205AG includes an additional vacuum tube voltmeter 
to measure the output of the device under test. The instru- 
ment will determine complete gain and frequency response 
of an amplifier - no additional equipment is required. (Fig- 
w e  2 . )  

@ 206A Audio Signal Generator is a precision-built test 
instrument designed to provide highly accurate test signals 
from 20 cps to 20 KC. The power output of this unit can be 
varied in 0.1 db steps, and it will deliver an output level of 
+ I 5  db above 1 mw into rated load or approximately 10 
volts open circuit. @ 206A includes a selective amplifier 
which is automatically tracked with the oscillator. With such 
an arrangement it is possible to reduce the harmonic distor- 
tion level to less than 0.1%. These features make @ 206A 
the finest and most accurate low distortion source for check- 
ing distortion in networks, for bridge and transmission meas- 
urements, for maintenance of high fidelity audio systems, for 
checking broadcast station performance and for other appli- 
cations requiring low power, low distortion, accurately 
known test signals. 

0 perati ng Tech n iq u es 

When making measurements requiring specific steps of 
output level, a good technique is to set the amplitude con- 
trol at maximum value and use the attenuator knobs for 
varying the output level. This procedure insures the highest 
possible purity of output waveform and greatest attenu- 
ation accuracy. 

A panel switch is provided to lace a 600 ohm impedance 
across the output transformer oPthe  @ 205AG when it is 
to be used with a high impedance load. This serves to match 
the impedance of the attenuators, so that the output volt- 
meter together with these attenuators will give the proper in- 
dication of output voltage. 

With an attenuator setting of zero, the source impedance 
of @ 205AG is very low in order to permit maximum 
voltage at the load. In applications where a matched source 
impedance is required one of two procedures should be 
employed. 

(1) For maximum power output, a resistor should. be 
placed between the 205AG and the load to pad out 
the generator impedance to line impedance. 

(2)  When lower level output is sufficient, use an atten- 
uator setting of 20 db or more for matched source 
impedance. 

In the case of @ 206~4, special design eliminates any 
variation in source impedance. 

Square Wave Generator 

The square wave generator is a useful and convenient in- 
strument for testing amplifiers and networks, modulating 
signal generators, measuring time constants, checking cath- 
ode ray sweep circuits and generating harmonics for fre- 
quency multiplication. 

Hewlett-Packard 21 1A Square Wave Generator is spe- 
cifically designed to perform these functions quickly and 
accurately. This compact, wide range instrument is also use- 
ful in testing video and audio amplifier performance and 
checking oscilloscope performance. Further, it offers a simple 
means of controlling an electronic switch, and is extremely 
useful in phase shift, frequency rdponse or transient mea- 
surements. .- 

The 211A (page 3 0 )  provides complete coverage of all 
frequencies from 1 cps to 1 MC, and has a rise time of 0.02 
psec. It offers two separate outputs - a 7 volt peak-to-peak 
75 ohm impedance circuit for television measurement, and a 
55 volt peak-to-peak 600 ohm output for high level work. 
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Figure 2. Typical test set-up. Figure I .  Elements of an audio signal generator. 
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Pulse Generator 

Pulse generators are basic instruments for developing and 
testing radar, television, nuclear and similar “fast” circuits. 
They are also useful in testing response of rf amplifiers, 
filters, band pass circuits and oscilloscopes; may further be 
used to modulate rf carriers, pulse modulate uhf signal 
generators and to check performance of peak measuring 
equipment. 

The widely-used @ 212A Pulse Generator (page 5 1 )  is 
deliberately designed for speeding and simplifying all of 
these measurement5. It has a direct-reading pulse length 
control, and 50 watts of peak pulse power. Rise time is 0.02 
psec, pulses have a “flat” top with minimum overshoot. 
Either positive or negative pulses may be synchronized to 
other equipment through built-in delay and advance sync- 
out circuits; accurate pulses may also be delivered at the end 
of a long transmission line. 

Double pulses, useful in checking resolution time of pulse 
counters, can be obtained by connecting a stub line across 
the 212’s output. 

- ,  
\ P U L S E D  & INPUT I M C  X T A L  

C I R C U ’ T  - OSCILLATOR 

Digital Delay Generators 

The @ 218A Digital Delay Generator is a unique instru- 
ment providing two independent delays adjustable from 1 
microsecond to 10,000 microseconds in steps of 1 micro- 
second. Vernier controls permit interpolation to 0.1 micro- 
second. With circuitry which eliminates the usual f 1 
count error, the accuracy of the 1 microsecond steps is 
determined only by the internal standard frequency. Figure 
3 is a block diagram of this versatile instrument. 

Produced initially to meet requirements for generation 
of precise digital delays, the 218A has since proven to offer 
many advantages as a general purpose laboratory pulse gen- 
erator.By using the appropriate plug-in unit, a 218Acan often 
take the place of several special-purpose pulse generators. 

Some of the instruments which the 218A becomes are: 
( I )  Precision dual time interval generator, digitally cali- 

brated from 1 to 10,000 microseconds, with synchron- 
ized time marker outputs preset to accuracy of k O . 1  
microsecond, -t 0.001%. A special version of the 
218A is available, providing time intervals up to 
40,000 microseconds. Longer time intervals can also 
be generated with the standard 218A, by using an 
external counted frequency. 

(2) Double pulser, with amplitude, width, polarity, and 
position of each pulse individually adjustable. Com- 

- 1  

M I N  1 

!I 

Gaur- 
DUAL - 

I I  ij ourJ 

+FULL LOAD - 500V - 200MA+115V LINE* 
115 V LINE \-FULL LOAD - 500V - 200MA 

Figure 4. Record of main output voltage, @ 712B, while instrument is subjected to wide variations in line voltage and output current. 
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in lower voltage supplies where transistors yield top effi- 
ciency, high current ratings, reliability and freedom from 
filament hum. Transistor power ratings are very carefully 
observed and the design of each supply is sufficiently con- 
servative to allow high performance operation in ambient 
temperatures as high as 55°C. 

Performance Data 

One of the most important design goals in a power supply 
is a high degree of voltage regulation. Not only must the 
dc output resistance be kept low, but the reactive impedance 
component must also be minimized to achieve fast transient 
response and proper regulation in high-frequency circuit use. 
Low output impedance is achieved in two ways. First the 
regulating circuitry is designed with considerable bandwidth, 
bringing about rapid compensation for voltage changes. 
This, in effect, gives very low dc resistance and low-fre- 
quency ac impedance. Second, a large capacitor is placed at 
the output terminals. Since this capacitor shunts a very small 
low-frequency impedance, its regulating effect is felt mainly 
at frequencies above several kilocycles. Typical transient 
response of @ Model 712B is shown in Figure 4. 

The high current, low voltage transistor power supplies 
require even lower output impedance to achieve good regu- 
lation. Figure 5 shows output impedance vs. frequency for 
the @ 722AR. 

The high order of regulation becomes difficult to utilize 
because of the resistance of the connecting leads. To achieve 
improved regulation at the load, a remote sensing feature 

ion 
I 

o . o o o i n L 1  
IMC 5YC 

t L # S  

100% I KC IOKC IOOKC 
FREQUENCY 

F igu re  5. Output impedance vs. frequency, Q 722AR. 

is included in the @ 722AR which regulates the voltage 
directly at the point of use. This connection is shown in 
Figure 6. 

External circuit protection is a feature of every @ power 
supply. The tube type units use either fuses or overload 
relays. The transistor types use electronic protection cir- 
cuits which automatically raise the series impedance when 
a preselected current level is reached, thus limiting the cur- 
rent that can flow. Typical curves for this feature are shown 
in Figure 7. The @ 721A, which uses four switch-selected 
current limits, is illustrated. 

0 20 40 so 80 100 . 
OUTPUT CURRENT(MA)  c - s - 1 8 3  

F i g u r e  7. Output voltage vs. current, @ 721A. 

In some applications a high degree of time stability be- 
comes important. The more refined designs incorporate 
careful balancing of components with critical temperature 
coefficients, and close attention to the stability of voltage 
reference and comparison circuits. Figure 8 illustrates the 
result of such design in the @ 722AR. 

F igu re  8. Long term stability of Q 722AR. 

Summary of @ Power Supplies 
Tube Types 
Model 711A 

Model 7128 

Model 715A 

I I 

Transistor 

Model 721 A 
Types 

I I I I REMOTE SENSING LEAD 

VOLIAGE 
SUPPLY 

Figure 6. Remote sensing arrangement, ($3 722AR. 

Model 722AR 

- *c 
Model 723A 

Main Features U' 
D C  output 0 t o  500 v; 100 
ma rnax. A C  output 6.3 v; 6 
amps or 12.6 v, 3 amps. 
D C  regulation 0.5%. 
D C  output 0 t o  500 v; 200 
ma may. 
Regulation 0.01% a t  500 v 
Bias supply 0 t o  -I50 v; 5 
ma rnax. 
A C  -6.3 v; I O  amps. rnax. 
Beam supply -250 v 
t o  -400 v, 50 ma max. 
Reflector supply 0 t o  -900 
volts below beam supply, IO 
&amp max. 
AC b.3 v; 1.3 amps. 
Modulation cambi l i t ies 

D C  output 0 t o  30 v; 150 
ma max.; metered voltage 
or current. Current l im i t  
feature regulation 0.3%. 
D C  output 0 t o  60 v; 2 
amps max. 
Regulation 0.01% a t  60 v 
continuously adjustable 
current l im i t  
D C  output 0 t o  40 v' 500 
ma max. Metered voitage 
or current 
Current l im i t  feature 
regulation 0.17' 

Special Comments 
Inexpensive versatile- B h  
voltage low current power 
supp ly :  M e t e r e d  v o l t a g e  
and current. 
H igh  quality, high voltage 
supply; particularly good 
transient response, requla- 
t ion and stability. 

Klystron supply, inexpensive 
general pbrpose instrument. 

Inexpensive general pur- 
pose, low voltage, low cur- 
rent power supply. Very low 
r ipple and noise output. 
H igh  quality. high power 
particularly good  regula- 
tion, stability, low r ipple 
and noise. Remote sensing. 

General purpose, medium 
power low voltage supply 
can be programmed 
remotelv. 
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@ 2 0 5 A G  AUDIO SIGNAL GENERATOR 

Six Basic Instruments Combined to Speed Gain Measurements 

This Audio Signal Generator materially speeds and sim- 
plifies a variety of audio testing jobs where sizable amounts 
of power are required. 

Two voltmeters measure input and output of the device 
under test. The output level is adjusted by means of the step 
attenuators and output impedance can be instantly changed 
by means of a selector switch to commonly used impedances. 

FREQUENCY, C PS 

Figure I .  Typical frequency response of @ 205AG output section. 
(Response of attenuator and line matching transformer.) 

Specifications 
Frequency Range: 20 cps to 20 KC in three decade ranges. 
Calibration Accuracy: &2% under normal temperature 

conditions. 
Output: Five watts maximum into loads of 50, 200, 600 and 

5,000 ohms. Output circuit is balanced and center-tapped; 
any terminal may be grounded. 

Frequency Response: i l  db, 20 cps to 20 KC at output 
levels up to +30 dbm with output meter reading held 
at +37 db; i 1 . 5  db, 20 cps to 20 KC at output levels 
above +30 dbm with output meter reading held at +37 
db (reference 1,000 cps) , 

Internal Impedances: Approximately 1/6 of the load im- 
pedance with zero attenuator setting. Approaches the load 
impedance with attenuator settings of 20 db or more. 

Distortion: Less than 1% at frequencies above 30 cps. 
Hum Level: The hum level is 60 db below the output volt- 

age or 90 db below 0 dbm, whichever is the larger. 
Output Meter: Calibrated directly in volts at 600 ohms 

and dbm ( 0  dbm = 1 mw in 600 ohms). 
Voltage Scale: 0-65 volts, db scale f 2 0  to +37 dbm. 

Input Meter: Calibrated in dbm from - 5  to +S dbm 
and in volts from 0 to 2 volts rms. Voltage accuracy is 
- t 5 %  of full scale. 

Input Attenuator: Extends meter range to +48 dbm and 
to 200 volts rms in 5 db steps. Accuracy k 0 . 1  db. Input 
impedance 5,000 ohms. 

Output Attenuator: 110 db in 1 db steps. 
Power: 115/230 v *lo%, 50/1,000 cps, 150 watts. 
Dimensions: Cabinet Mount :  20%” wide, 1 2 % ”  high, 

151/2”deep. Rack Mount: 19”wide, high, 14”deep 
behind panel. Also can be used with @ AC-17 End 
Frames. 

Weight: Net 56 lbs. Shipping 67 Ibs. (cabinet mount). Net 
49 lbs. Shipping 64 lbs. (rack mount). 

Accessories Available: AC-16A Cable Assembly, $4.50; 
AC-16B Cable Assembly, $5.50. 

Price: @ 205AG, $600.00 (cabinet) ; @ 205AGR, $585.00 
(rack mount). 

Data subject to change without notice. 



@ 2 0 6 A  AUDIO SIGNAL GENERATOR 

Continuously Variable Audio Signals Less Than 0.1 % Distortion 

Spec if icati ons 
The @ Model 206A Audio Signal Generator provides a 

source of continuously variable audio frequency voltage at a 
total distortion level of less than 0.1%. This unusually low 
distortion, coupled with simple, straightforward circuitry, 
rugged construction and typical @ ease of operation, makes 
this signal generator ideal for use in the maintenance of FM 
broadcasting units and high fidelity audio systems. 

Frequency Range: 20 cps to 20 KC in three decade ranges. 
Calibration Accuracy: * 2 %  including warmup drift. 
Output: +15 dbm into impedances of 50, 150 and 600 

ohms. Approximately 10 volts are available into an open 
circuit. 

Output Impedances: The generator has a matched internal 
impedance and the selection of output impedances includes 
50, 150 and 600 ohms center-tapped and balanced and 
600 ohms single ended. - - 0 

The oscillator section is followed by a tuned amplifier, 
automatically tracked with the oscillator. High selectivity of 

Frequency Response: Better than e 0 . 2  db at all levels, 30 
cps to 1 5  KC, when the output meter reading is held 
constant. 

the amplifier reduces the harmonic voltages generated by the 
oscillator section. 

The output of the amplifier is measured by a voltmeter. 
Indications can be read in either volts or dbm to an accuracy 
of 0.2 db. Following the vacuum tube voltmeter is a 111 db 
attenuator which allows the power output to be varied in 0.1 
db steps. 

Uses 

This instrument is suitable for FM transmitter mainte- 
nance, studio amplifier and console testing, as a low distor- 
tion source for bridge measurements, and as a transmission 
measuring set. 

Data subject to chaizge without notice. 

Distortion: Less than 0.1% at frequencies above 50 cps and 
less than 0.25% from 20 cps to 50 cps. 

Hum Level: At least 75 db below the output signal or more 
than 100 db below zero level, whichever is the larger. 

Output Meter: Calibrated in dbm and also in volts. Read- 
ability at least 0.2 db at all points above a 50% scale read- 
ing. ( 0  dbm equals 1 mw in 600 ohms.) 

Output Attenuators: 111 db in 0.1 db steps. Accuracy ap- 
proximately e o . 1  db. 

Power: 115/230 v -+lo%, 50/l,OOO cps, 140 watts. 
Dimensions: Cabinet Mount: 203/4’? wide, 12%” high, 14” 

deep. Rack Mount: lY r  wide, high, 14” deep be- 
hind panel. Also can be used with @ AC-17 End Frames. 

Net: 50 lbs. Shipping 65 lbs. (rack mount). 

AC-16B Cable Assembly, $5.50. 

(rack mount). 

Weight: Net 57 lbs. Shipping 68 lbs. (cabinet mount). 

Accessories Available: AC-16A Cable Assembly, $4.50; 

Price: @ 206A, $800.00 (cabinet); @ 206AR, $785.00 



@ 211A SQUARE WAVE GENERATOR 

Convenient Audio, Video Testing 1 cps to 1 MC 

Specifications 
Frequency Range: 1 cps to 1 MC, continuous coverage. 
Low Impedance Output: Negative 3.5 v peak across 75 

ohm impedance; negative 7.0 v peak open circuit, zero 
level clamped to chassis. Rise time less than 0.02 pec.  
BNC connector. 

High Impedance Output: Negative 27 v peak across 600 
ohm impedance; negative 55  v peak open circuit, zero 
level clamped to chassis. Rise time less than 0.1 pec .  
Dual banana jacks--3/’’ centers. 

Low Impedance Output - potenti- 
ometer and 60 db  attenuator, variable in 20 db steps. 
High Impedance Output-potentiometer. 

Frequency Control: Dial calibrated “1 to 10’’ and decade 
multiplier switch. Six bands. 

Symmetry Control: Allows exact square-wave balance. 
Sync Input: Positive-going pulse or sine wave signal, mini- 

mum amplitude 5 volts peak. BNC connector. 
Power: 115/230 v t lo%, 50/60 cps, 225 watts. 
Dimensions: Cabinet Mount: 9%’’ wide, 15%” high, 145/sf’ 

deep. Rack Mount: 19” wide, 8%” high, 13%’’ deep 
behind panel. 

Weight: Net 26 Ibs. Shipping 38 lbs. (cabinet mount). 
Net 25 lbs. Shipping 34 lbs. (rack mount). 

Accessories Available: AC-16A Cable Assembly, $4.50; 
AC-16B Cable Assembly, $5.50; AC-16D Cable Assem- 
bly, $3.50. 

Price: @ 211A, $325.00 (cabinet); @ 211AR, $330.00 
(rack mount). 

Data subject t o  chaiige without Jiotice. 

Amplitude Control: 

The @I Model 211A Square Wave Generator is a versa- 
tile, wide range instrument particularly designed for testing 
video and audio amplifier performance,l or checking oscillo- 
scope operation. It provides complete coverage of all fre- 
quencies from 1 cps to 1 MC, and has a rise time of 0.02 
microseconds. There are two separate outputs - a 3.5 volt 
peak 75 ohm impedance circuit for television measurement, 
and a 27 volt peak 600 ohm output for high level work. The 
positive excursions of the output signals are clamped to chas- 
sis. Full amplitude variation is available on either output. 
The generator may be operated free-running or externally 
synchronized with either a positive going pulse or a sine 
wave signal of 5 volts peak minimum amplitude. 

Uses 

Model 211A is ideal for testing amplifiers and networks 
and modulating signal generators. It will measure time con- 
stants, check oscilloscope sweep circuits, and generate har- 
monics for frequency multiplication. It offers a simple means 
of controlling an electronic switch. The generator is also a 
convenient instrument for indicating phase shift, frequency 
response, transient effects or deflection polarity of oscillo- 
scopes. 

’See Hewlett-Packard Application Note 17, “Square Wave and Pulse 
Testing.” 
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@ 212A PULSE GENERATOR 

Basic Test Instrument for Radar, TV  and Other Fast Circuits 

Popular @ 212A Pulse Generator provides positive or 
negative pulses, and may be synchronized to other equipment 
through built-in delay and advance sync out circuits. It offers 
pulse lengths continuously variable from 0.07 to 10 micro- 
seconds, has a direct reading pulse length control, and pro- 
vides pulses of 50 watts peak power. Pulses are of high qual- 
ity, with very fast 0.02 microsecond rise and decay, “flat” 
top and minimum overshoot. The instrument permits accu- 
rate pulses to be delivered to the end of a long transmission 
line. If the line is correctly terminated, pulse shape is inde- 
pendent of line length, sync conditions, input voltage or 
output attenuator setting. 

Double pulses can be obtained by connecting a stub line 
across the output of the generator. 

Dimensions: Cabinet Mount: 20%“ wide, 12%” high, 
14 - 3/16” deep. Rack Mount: 19” wide, 10?L2’’ high, 
135/” deep behind panel. Also use with @ AC-17 End 
Frames. 

Weight: Net 56 lbs. Shipping 67 lbs. (cabinet mount); net 
50 lbs. Shipping 65 lbs. (rack mount). 

Accessories Available: AC-16K BNC Cable Assembly, 

In addition to radar, TV, and nuclear work, the generator 
is useful for testing response of rf amplifiers, filters, band 
pass circuits, oscilloscopes; and in checking peak measuring 
equipment, modulating rf carriers or pulse modulating uhf 
signal generators. 

Specifications 

Pulse: Length continuously variable 0.07 to 10 psec. Ampli- 
tude 50 v peak positive or negative into 50 ohm load (50 
watt peak). 

Amplitude Control: 50 db attenuator, variable in 10 db steps. 
Continuously variable amplitude control, 10 db range. 

Pulse Shape: Rise and decay time approximately 0.02 pec .  
Crest variation less than 

Jitter: Less than 0.01 microsecond. 
Internal Impedance: 50 ohms or less, either pulse polarity. 
Repetition Rate: Internal sync, 50 to 5,000 pps. External 

Sync In: Pos. or Neg., 5 v peak minimum. 
Sync Out: 25 v pos, 15 v neg into 2,000 ohms load. Approx. 

1 p e c  duration at half voltage. Rise time approx. 0.25 p e c .  
Pulse Position: Referenced to sync out pulse: Delay, 0 to 100 

psec (to 2,500 pps) 0 to 50 psec (to 5,000 pps). Ad- 
vance, 0 to 10 p e c  (to 5,000 pps). 

5 %. 

sync, approx. 2 to 5,000 pps. 

Power: 115/230 v + lo%,  50/60 cps, 380 watts. 

Data subject to change without notice. 

$6.50; AC-16F Type N Cable Assembly, $15.00. 

(rack mount). 
Price: @ 212A, $600.00 (cabinet); @ 212AR, $585.00 



@ 218AR DIGITAL DELAY GENERATOR 

-c 1 Count Ambiguity Eliminated in Time Interval, Pulse Generation 

Advantages : 

Generates time intervals 1 - 10,000 psec 

Variety of adjustable output pulses 

2 0 . 1  p e c  t0.001% accuracy 

Crystal oscillator, dual-preset counter controls delays 

Perfect slave to start pulses; no 

New ease, speed, dependability 

count error 

Uses: 

Precision time interval generator for calibrating time 
bases, delay lines, radar ranges and precision sweep 
delays 

1 MC dual preset counter for digital computer work 

Precision variable gate generator for work with 
digital computers, counters 

Precision double-pulse generator for pulse code 
modulation, resolution measurements on high speed 
circuits 

Based on a unique approach, the @ 218AR Digital Delay 
Generator is designed to generate precise time intervals and 
single, double or superimposed Its accuracy and 
flexibility make it ideally suited to pulse simulation and time 
measurement in radar, loran, Tacan, DME, and pulse code 
systems, as well as oscilloscopes and computers. 

Produced initially to meet requirements for generation of 
precise digital delays, the 218A has since proven to offer 
many advantages as a general purpose laboratory pulse gen- 
erator. By using the appropriate plug-in unit, a 218A can 
often take the place of several special-purpose pulse gen- 
erators. 

Engineered to meet military performance requirements, 
the @ 218AR consists of three main parts: (1) a pulsed 
crystal oscillator which is started in known phase by the 
initial trigger (start) pulse, eliminating the 1 count error, 
( 2 )  a dual-preset digital counter which counts the crystal 
(or externally applied) frequency and operates ( 3 )  two 
preset gates which pass the selected pulses. 

T w o  Independent Pulses 
The @ 218AR generates independent pulses, one at the 

end of each preset time interval, at times T, and T,. A sync 
pulse is available at the time of the start pulse, T, or at T, 
or T,. 

'See "Applications of the @ Model 218A, a Versatile General Pur- 
pose Pulse and Delay Generator." Application Note 48, available 
from Hewlett-Packard Company. 



The time intervals are independently adjustable, with directly 
calibrated front panel controls, in 1 psec steps from 1 to 
10,000 psec with interpolation between steps. Either T, or 
T, may occur first, and accuracy is t 0.1 p e c  t O . O O l %  
of the delay selected. 

Plug-ins Increase Versatility 
For maximum flexibility, output pulses are generated in 

the @ 219 series plug-in units. The units and the pulse 
options they provide are described below. 

@ 219A Dual Trigger Unit 

I 

Model 2 l9A Dual Trigger Unit contains two blocking 
oscillators supplying positive polarity trigger pulses to con- 
trol auxiliary equipment. Pulse A is available at To or T,, 
and pulse B at T,. Pulse characteristics are identical to the 
sync output pulse of the 218AR Digital Delay Generator - 
approximately 50 volts positive, into an open circuit with a 
rise time of 0.1 psec from a 50 ohm source. $100.00. 

@ 2198 Dual Pulse Unit 

B 1- 1 t- 
Model 219B Dual Pulse Unit contains two pulse gener- 

ators providing digitally delayed, fast rise time, high power 
pulses. The leading edge of pulse A occurs simultaneously 
either with To or T, (as selected by a panel switch) and the 
leading edge of pulse B occurs at time T,. Either positive or 
negative polarity is available, amplitude is variable from 0 
to 50 volts into an open circuit, pulse width is variable from 
0.2 to 5 psec, and rise time is 0.06 psec. The pulses may be 
delivered separately on individual cables, or on the same 
cable from either output connector. Output impedance and 
voltage are not affected by the setting of a "separate-com- 
mon" switch governing the pulse outputs. Internal imped- 
ance is 50 ohms. $450.00. 

@ 219C Digital Pulse Duration Unit 

Model 219C Digital Pulse Duration Unit produces a 
high power output pulse with digitally controlled delay and 
duration. Pulses may be started at To and ended at T,, or the 
pulse may be digitally delayed from To to T, with duration 
digitally controlled from T, to T,. Both polarities are avail- 
able simultaneously and are continuously adjustable from 0 
to 15 volts into an open circuit (from 90 ohms impedance) 
or 90 volts into an open circuit (from 500 ohms impedance). 
Rise or decay time is 0.03 p e c  at 90 ohms. $350.00. 

Specifications 
@ 218AR Digital Delay Generator 

(Plug-in necessary to operate) 

Time Interval Range: (TO to TI and TO to Tz )  1 to 10,000 psec. Accu- 

Digital Adjustment: 1 to 10,000 Psec in 1 psec steps. 
Interpolation: Continuously adjustable. Adds 0-1 psec to digital 

setting. 
Input Trigger: Internal: 10 cps to 10 KC, 3 decade ranges. External: 

Sine wave, 5 v rms, 10 to 100 cps; 2 v rms, 100 cps to 10 KC. 
Pulse, 0 to 10 KC, positive or negative, 2 to 40 v peak. For t r i g  
ger rise time of 0.05 psec or less, delay between external trigger 
and TO is 0.25 psec f0.05 Bsec. Manual: Pushbutton operation. 

Jitter: 0.02 psec or less. 
Recovery Time: 50 psec or 10% of selected interval, whichever is 

larger. 
Sync Output: 50 v positive pulse into an open circuit, 0.1 psec rise 

time (from 50 ohm source). Available at To, TI or TI. 
I MC Output: 1 v, 1 MC pulses (from 500 ohm source) provide 

timing comb synchronized to start pulses. Available at panel con- 
nector for duration of longer delay when counting internal 1 MC 
oscillator. 

External Counting: External sine waves, 2 v rms, 10 cps-1 MC and 
pulses, periodic or random, 2 v peak, 0-1 MC can be counted in- 
stead of internal standard. Time interval range becomes 1-10,000 
periods in 1 period steps and accuracy is * 0.1 psec * 1 period. 

Power: 115/230 v * l o%,  50/60 cps, 555 watts. 
Size: 14" high, 19" wide, 21%" deep behind panel. Weight 75 Ibs. 
Price: @ 218AR (rack mount), $2,000.00. 

Data subject to change without notice. 

racy * 0.1 psec * 0.001% of time interval selected. 

c 

I * 1 COUNT AMBIGUITY ELIMINATED! 
I OLD WAY X counts & 1 count due to unknown phase at start and stop. 

NEW -hp- 218A X counts - exactly-timing wave starts with sync pulse and only full cycles counted! 
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@ 711A LABORATORY POWER SUPPLY 

High Regulation, 0 to 500 Volts, Separate Meters 

Specifications 
Output Voltages: 

DC Regulated High Voltage: 0 to 500 volts (without 

AC Unregulated: 6.3 volts, 6 amps maximum load or 12.6 

Regulation: For line voltage 115/230 volts f 1070, less 
than 0.5 70 change or 1.0 volt change, whichever is greater; 
from no load to full load, change of less than 0.5% or 
1 .o volt, (whichever is greater). 

switching), 100 ma maximum load. 

volts CT, 3 amps maximum load. 

Ripple; Less than 1.0 mv. 
Metering: 

Current Meter: 0 to 100 ma; 0 to 10 ma with push- 
button. 

Voltage Meter: 0 to +500 volts; 0 to +50 volts with 
push-button. 

Terminals: Either positive or negative dc regulated high 
voltage terminal may be grounded. 

Overload Protection: AC line fused. Output relay prevents 
dc output from greatly exceeding current rating of output 
milliammeter thus protecting instrument from overload 
conditions including short circuit of output. 

Power: 115 volts t 1070, 50/1,000 cps. Approximately 
145 watts depending on load and line voltage. 

Dimensions: Cabinet Mount: 73/8“ wide, 11Y2” high, 14%‘’ 
deep. Rack Mount: 19” wide, 7‘’ high, 13-1/16’’ deep 
behind panel. 

Net 24 lbs. Shipping 35 lbs. (rack mount). 

(rack mount), 

Weight: 20 lbs. Shipping weight, 26 lbs. 

Price: @ 711~4, $250.00 (cabinet); d$ 711AR, $255.00 
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The @ 711A is an easy-to-use, general purpose low power 

laboratory supply particularly suited to powering experimen- 

tal setups and other basic bench applications. It offers very 

high regulation, and a wide, variable voltage range extend- 

ing from 0 to 500 volts. There are separate current and volt- 

age meters with two ranges each to permit accurate measure- 

ment of small power outputs. Full overload protection is 

provided to protect the instrument even under short-circuit 

output conditions. 

Uses 

Model 71 1A can be used to power a wide variety of equip- 

ment. It is particularly useful in driving low level amplifiers, 

constant frequency oscillators and other instruments or set- 

ups requiring a highly stable source of voltage. Model 711A 

is extremely compact, mounted in a rugged but lightweight 

cabinet. Its moderate price makes it an exceptional value in 

the power supply field. 

Data subject to change without notice. 



@ 712B REGULATED POWER SUPPLY 

0.01 Yo Regulation at 500 Volts, 200 Milliamperes 

Uses 
This power supply meets the most demanding require- 

ments of heavy duty laboratory or production work. It is par- 
ticularly useful in powering pulse circuitry and other systems 
such as radar modulators having high instantaneous current 
demands; and in powering oscillators, small transmitters, 
complex systems and certain klystrons. 

To insure long, trouble-free operation, the instrument 
uses sealed transformers and chokes, oil-filled capacitors and 
is fully fused. Only the highest quality components are used, 
and no electrolytic capacitors are employed. 

Spec if icat io ns 
Output Voltages: 

DC Regulated H i g h  Voltage: 0 to $500 v (without switching), 

DC Regulated f ixed Bias: - 300 v, 50 ma max. load. 
DC Variable Bias: 0 to -150 v, 5 ma max. load. 
AC Unregulated: 6.3 v, CT, 10 amps max. load. 

DC Regulated H i g h  Voltage: Less than 50 millivolts change no- 
load to full load at any output voltage. Less than 100 mv 
change at any voltage or current condition for * l o %  line 
voltage variations. 

200 ma max. load. 

Regulation: (For constant line voltage.) 

The @ 712B Power Supply is deliberately designed to DC Regulated Fixed Bias: Less than 50 millivolts change no-load 
to full-load. 

DC Variable Bias: Regulated against line voltage changes. Inter- 
nal impedance 0 to 10,000 ohms depending on bias control 
setting. 

Line Voltage Regulation: Less than t 100 mv change in dc output 
for t 10% change from 115 v. 

Ripple: Less than 5oo microvolts, 

give you the finest performance obtainable plus broadest 
usefulness and the lowest price consistent with quality. 

Model 712B provides four outputs for maximum applica- 
bility and has less than 50 millivolts change (no load to full 
load) at any regulated output voltage. Internal impedance 
is 0.1 ohm in series with 25 ph maximum. Transient re- 
covery is 0.1 milliseconds upon application of full load. 

Impedance: 
D C  Regulated High Voltage: (For frequencies above 20 cps.) 

Full-load: 0.1 ohm in series with 25 ph max. No  load: 1 ohm 
in series with 50 ph max. 

Recovery Time: Upon application of full-load: 0.1 millisecond max. 
Upon decrease from full load to: ( a )  0 ma, 0.5 millisecond max.; 
(b )  2 5  ma, 0.1 millisecond max. Maximum transient voltage, 1 
volt. 

Metering: 
Current Meter: 0 to 200 ma (high voltage only). 
Voltmeter: Three ranges, 0 to +500, 0 to +I50 volts and 0 to 

-150 volts, Panel switch connects meter to dc regulated high 
voltage or dc variable bias and selects range. 

Terminals: Either positive or negative dc regulated high voltage 
terminal may be grounded. Positive terminals of both bias sup- 
plies and negative terminal of dc regulated high voltage are com- 
mon. 

Overload Protection: AC line, dc regulated high voltage, dc regu- 
lated fixed bias and filament supply are separately fused. DC 
regulated high voltage drops to a safe value if bias fuse blows. 

Power: 115 v t 10 v, 50/60 cps. Approx. 120 to 450 watts depend- 
ing on load and line conditions. 

Dimensions: Cabinet Mount: 20%" wide, 12%" high, 14%" deep. 
Rack Mount: 19" wide, 10% high, 13%' deep behind panel. 
Also can be used with @ AC-17 End Frames. 

Weight: Net 70 Ibs. Shipping 81 Ibs. (cabinet mount). Net 62 Ibs. 
Shipping 77 Ibs. (rack mount). 

Price: @ 712B, $390.00 (cabinet); @ 712BR, $375.00 (rack 
mount). 

Datd subject to change without notice. 

55 



@ POWER SUPPLIES 

$3 721A Transistor Power Supply 
0 to 30 Volts,150 ma Output, 
Positive Overload Protection 

Inexpensive, highly versatile, less than 5" high Model 
721A is finding increasingly broad applications in research 
and development laboratories, particularly in semiconductor 
circuit design. 

@ 721A provides fully regulated output voltages from 
0 to 30 volts. With the three terminal output connector, 
either the positive or negative terminal may be grounded, 
or the supply may be stacked on another voltage. A front 
panel meter monitors either voltage or current to the load. 

The high stability of output voltage for variations in both 
line voltage and load current and the extremely low ripple 
(less than 150 microvolts) aid in assuring the accuracy of 
experimental results. The small size, low power consump- 
tion and simple controls save time and space and give real 
convenience in an inexpensive transistor power supply. 

Specifications 
Regulated Output: 0 to 30 volts dc; 0 to 150 ma dc. 
Load Regulation: Less than 0.3% or 30 mv (whichever is greater) 

change from 0 to 150 ma. 
Line Regulation: Less than 0.3% or 15 mv (whichever is greater) 

for * 10% line voltage change. 
Noise and Ripple: Less than 150 gv. 
Output  Impedance: Less than 0.2 ohms in series with 30 ph. 
Output Meter: Full scale indications of: 10 ma, 30 ma, 100 ma, 

Output  Protection: Four step selection of maximum current: 25, 50, 

Power: 115/230 * lo%,  50/60 cps, 16 watts. 
Weight: Net 4 Ibs. Shipping 7 Ibs. 
Dimensions: 7"wide, 4%" high, 5%'' deep. 
Price: @ 721A, $145.00 

300 ma; 10 volts, and 30 volts. 

100 and 225 ma. 

@ 7 2 3 A  Power Supply 
500 ma Output,O to 40 Volts, 
Remote Voltage Programming 

Compact new @ 723A is an ideal dc power supply for 
systems applications where a number of tests or measure- 
ments are made automatically at different voltages. Output 
voltage of Model 723A may be changed simply by changing 
the value of an external resistor. Thus, output voltage may be 
programmed remotely by using stepping switches to change 
external resistor values in accordance with programmed tests. 

Output terminals are isolated from the chassis and power 
line ground so either positive or negative terminals may be 
grounded, or several units operated in cascade. 

Specifications 
Regulated Output: 0 to 40 volts dc, 0 to 500 ma dc. 
Load Regulation: Less than 20 mv change from 0 to 500 ma. 
Line Regulation: Less than 10 mv change for * l o %  line voltage 

Noise and Ripple: Less than 150 S ~ V .  
Temperature Stability: Less than 0.05'%/°C or 10 mv/"C, which- 

Temperature Range: 0 to 55°C for operation within specifications. 
Remote Programming: External resistance can control output volt- 

Output  Impedance: Less than 40 milliohms in series with 20 ah. 
Current Limiter: Continuously adjustable from approximately 60 to  

Power: 115/230 v * l o % ,  50/60 cycles. 
Weight: Net, 1 2  lbs. Shipping 21 Ibs. 
Dimensions: 6-3/32" high, 5-1/16" wide, 11" deep. 
Price: 9 723~4, $225.00. 

change. 

ever is greater. 

age at the rate of 50 ohms/volt. 

600 ma 

Data subject to  change without notice. 



@ 7 2 2 A R  POWER SUPPLY 

2 Amperes and 60 Volts Output; Precise Regulation 

New transistorized @ 722AR meets today's most demand- 
ing requirements for. a well regulated dc power supply in 
investigations where high stability output under varying line 
and load conditions is essential. Model 722AR is particularly 
useful in applications which require high current at low 
voltage because it regulates over its full voltage range. For 
example, Model 722AR is an ideal source for furnishing 
power to banks of tunnel diodes. 

The low noise and ripple of the output voltage aid materi- 
ally in increasing the accuracy of measurements, and the high 
stability of the output voltage assures that voltage sensitive 
parameters will remain constant. 

Remote Sensing 
By means of two extra wires, output voltage may be 

sensed directly at the load, making regulation nearly inde- 
pendent of voltage drop in the main current-carrying leads. 
A terminal board is provided at the rear of the instrument 
for remote sensing leads, and a slide switch selects either 
local or remote sensing. This circuit can compensate for up 
to 0.6 volts IR drop in the main leads. 

Other Features 
Separate meters measure current and voltage continuously, 

permitting convenient monitoring of output without external 
equipment. Furthermore, the 722AR has a continuously vari- 
able control which limits output current, and may be used 

safely with low power transistors and other low current 
devices. Model 722AR is also useful wherever high stability 
at moderate voltage and current is required and is an excel- 
lent laboratory source of regulated voltage for vacuum tube 
heaters, 

Specifications 
Regulated Output: 0 to 60 volts, dc; 0 to 2 amperes, dc. 
Load Regulation: Less than 5 mv change for 0 to 2 amperes change. 
Line Regulation: Less than 2.5 mv change for 10% line voltage 

Noise and Ripple: Less than 250 pv. 
Temperature Stability: Better than O.O2%/'C or 5 mv/"C, which- 

Temperature Range: 0 to 55°C for operation within specifications. 
Output Impedance: DC: less than 2.5 milliohms. 

AC: less than 5 milliohms in series with 4 ph. 
Transient Recovery Time: Less than 200 Psec for recovery within 

5 mv for change from 0 to full load or full load to 0 at any rated 
output or line voltage. 

change. 

ever is greater. 

Output Meters: Voltage: 0 to 60 volts, one range. 

Output Protection: Output current limiter continuously adjustable 
from approximately 100 ma to 2.1 amperes. 

Cooling: Forced air. 
Power: 115/230 v * lo%,  50/60 cps, 260 watts. 
Weight: Net 34 Ibs. Shipping 46 lbs. 
Dimensions: 19" wide, 5%" high, 12" deep. 
Price: @ 722AR, $525.00 (rack mount). 

Current: 0 to 2.5 amperes, one range. 

Data subject to  change without notice. 



@ 7 2 2 A R  POWER SUPPLY 

2 Amperes and 60 Volts Output; Precise Regulation 

New transistorized @ 722AR meets today's most demand- 
ing requirements for, a well regulated dc power supply in 
investigations where high stability output under varying line 
and load conditions is essential. Model 722AR is particularly 
useful in applications which require high current at low 
voltage because it regulates over its full voltage range. For 
example, Model 722AR is an ideal source for furnishing 
power to banks of tunnel diodes. 

The low noise and ripple of the output voltage aid materi- 
ally in increasing the accuracy of measurements, and the high 
stability of the output voltage assures that voltage sensitive 
parameters will remain constant. 

Remote Sensing 
By means of two extra wires, output voltage may be 

sensed directly at the load, making regulation nearly inde- 
pendent of voltage drop in the main current-carrying leads. 
A terminal board is provided at the rear of the instrument 
for remote sensing leads, and a slide switch selects either 
local or remote sensing. This circuit can compensate for up 
to 0.6 volts IR drop in the main leads. 

Other Features 
Separate meters measure current and voltage continuously, 

permitting convenient monitoring of output without external 
equipment. Furthermore, the 722AR has a continuously vari- 
able control which limits output current, and may be used 

safely with low power transistors and other low current 
devices. Model 722AR is also useful wherever high stability 
at moderate voltage and current is required and is an excel- 
lent laboratory source of regulated voltage for vacuum tube 
heaters. 

Specifications 
Regulated Output: 0 to 60 volts, dc; 0 to 2 amperes, dc. 
Load Regulation: Less than 5 mv change for 0 to 2 amperes change. 
Line Regulation: Less than 2.5 mv change for 2 10% line voltage 

Noise and Ripple: Less than 250 pv. 
Temperature Stability: Better than 0.02%0/°C or 5 mv/"C, which- 

Temperature Range: 0 to 55°C for operation within specifications. 
Output Impedance: DC: less than 2.5 milliohrns. 

AC: less than 5 milliohrns in series with 4 ph. 
Transient Recovery Time: Less than 200 gsec for recovery within 

5 rnv for change from 0 to full load or full load to 0 at any rated 
output or line voltage. 

change. 

ever is greater. 

Output Meters: Voltage: 0 to 60 volts, one range. 

Output Protection: Output current limiter continuously adjustable 
from approximately 100 ma to 2.1 amperes. 

Cooling: Forced air. 
Power: 115/230 v * l o % ,  50/60 cps, 260 watts. 
Weight: Net 34 Ibs. Shipping 46 lbs. 
Dimensions: 19" wide, 5%" high, 12" deep. 
Price: $3 722AR, $525.00 (rack mount). 

Current: 0 to 2.5 amperes, one range. 

Data subject to  change without notice. 



@ 715A KLYSTRON POWER SUPPLY 

Versatile Power Source for Low - Power Klystrons 

Specifications 
Supply No. I: (Beam supply) Voltage range -250 to -400 volts; 

Max. current, 30 ma at 250 volts, 50 ma at 400 volts; regulation, 
less than lYO from no load to full load or for line voltage varia- 
tions of 115 v * 107~0; ripple, less than 7 mv; calibrated voltage 
controls provided. 

Supply No. 2: (Reflector supply) Voltage range 0 to -700 volts, 
with respect to Supply No. 1;  max. current, 10 microamperes; reg- 
ulation, within 1% for line voltages of 115 v * 107~ for fixed 
currents; ripple, less than 10 mv; calibrated voltage controls 
provided. 

Filament Supply: Provides 1.5 amperes rnax. at 6.3 volts, ac. 
Modulation: Square wave modulation provided on supply No. 2; 

amplitude adjustable from 0 to 110 volts peak-to-peak. Square 
wave rise and decay times less than 10 microseconds each; square 
wave frequency adjustable over t loo-cycle range from nominal 
1,000 cps center frequency. Supply No. 2 also includes 60 cps sine 
wave modulation adjustable 0 to 350 volts peak-to-peak for 
reflector (FM) modulation. 

External Modulation: Terminals and circuit provided for modulation 
from external source. Input impedance at external modulation 
terminals is approximately 100,000 ohms. 

Power: 115/230 v 1070, 50/60 cps, 200 watts. 
Dimensions: Cabinet Mount: 7%" wide, 111/2'' high, 13%" deep. 
Weight: Net 19 lbs. Shipping 24 Ibs. (cabinet mount). 
Accessories Furnished: 1 715A-16C Cable Assembly (for connection 

Accessories Available: AC-16A Cable Assembly, $4.50. AC-16B 

Price: @ 715.4, $325.00. 

to Klystron). 

Cable Assembly, $5.50. 

Data subject to change without fzotice. 

The @ 715A Power Supply was designed to meet the 
need for a compact, portable bench supply capable of oper- 
ating many different types of low-power klystrons. 

The Supply offers a regulated 250 to 400 volt beam volt- 
age (continuously variable), a 0 to 900 volt regulated and 
continuously variable reflector supply and a 6.3 volt ac fila- 
ment supply. The reflector supply can also be square-wave 
modulated internally at the nominal frequency of 1,000 cps, 
externally modulated or sine wave modulated at the power 
line frequency. 

To  minimize the chance of accidental damage to a kly- 
stron, the instrument's reflector supply is arranged with a 
protective circuit preventing the reflector from becoming 
appreciably more positive than the cathode. 

The unit is provided with a plug-in output cable that is 
shielded to minimize hum pick-up. Direct-reading controls 
set the regulated voltages and a meter monitors the beam cur- 
rent. 
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WAVE AND DISTORTION ANALYZERS 

Fast, convenient measurement of har- 
monic distortion is of great value not 
only in the laboratory, but in the man- 
ufacturing and testing of electronic, 
electrical and mechanical equipment. 

Distortion in a network may be de- 
fined as the presence of harmonics 
along with the fundamental. This har- 
monic distortion is the result of non- 
linear transfer characteristics of a net- 
work, and may be expressed: 

( A  2+A 2+A,2+ . . . ) %  loo % distortion = 2 2  
A, 

(In this expression A, is the ampli- 
tude of the fundamental, A? is the sec- 
ond harmonic, A, is the third harmonic, 
etc.) 

Distortion Measuring Methods 

Two procedures are commonly fol- 
lowed in determining distortion. One 
of these is the “fundamental” method. 
In this method, a single pure frequency 
is fed to a device and each frequency 
appearing at the output is measured 
with a frequency-selective voltmeter or 
a wave analyzer. The measured values 
are substituted in the expression given 
above and percent distortion may be 
calculated. 

A second method is known as “total” 
distortion measuring. A single pure fre- 
quency is again fed to the device. Here 
the amplitude of the output voltage 
containing harmonics is first measured. 
Then the fundamental frequency is fil- 
tered out and the rms value of the coni- 
bined harmonics is measured. The ratio 
of the two values expressed in percent 
is the distortion in the circuit. 

@ Wave Analyzer 

For measuring distortion by the “fun- 
damental” method, the @ 302A Wave 
Analyzer (pages 60, 6 1 )  is ideal. This 
compact, completely transistorized, es- 
sentially hum-free instrument is highly 
selective, requires no tedious calibra- 

Figure I .  Block diagram of @ 330B 
Distortion Analyzer, 

tion or stabilization, and provides di- 
rect, accurate readings. 

Use of the heterodyne technique 
gives a constant bandwidth over its 
frequency range, and the use of crystal 
filters has resulted in a particularly nar- 
row pass-band of only 6 cps at the 3 db 
points. These features are combined 
with a carefully designed system for 
achieving a linear frequency dial, so 
that the narrow pass band can be very 
accurately positioned within a few 
cycles, even at frequencies as high as 
50 KC. The dynamic range of about 
70 db provides additional measuring 
versatility. For example, a hum (60 
cps) sideband of a very high harmonic 
of a square wave can be measured with 
ease, even though this sideband may be 
only a few microvolts in amplitude. 

Automatic Harmon ic Analysis 

A new accessory, @ AC-97C Sweep 
Drive Unit, when coupled with the @ 
302A and an X-Y recorder, permits 
automatic plotting of the frequency 
spectrum of a signal. The AC-97C has 
two sweep speeds compatible with the 
@ 302A bandwidth, and it also has 
adjustable limits so that the sweep 
range will cover any portion of the 
band from 20 cps to 50 KC. A typical 
recording from these instruments is 
shown below in Figure 2. 

@ Distortion Analyzers 

@ 330 series Distortion Analyzers 
are basically selective amplifiers whose 
frequency of rejection is tunable. (See  
Figuve 1 . )  They are designed for mea- 
suring distortion by the “total” method 

I 

DEVICE .hp- 
UNDER YODEL 

SIGNAL 

SOURCE TEST 330 

I I 
Figure 3. Recommended setup for distortion 

measurement using @ 330 Analyzers. 

between 20 and 20,000 cps. These in- 
struments are extremely simple to use, 
and are particularly useful in measuring 
total audio distortion or hum and noise 
level in audio amplifiers. They are also 
convenient for measuring voltage levels, 
power output, amplifier gain; and may 
be used as high-gain, wide-band stabi- 
lized amplifiers. The 330D includes a 
linear rf detector for determining dis- 
tortion in amplitude modulated broad- 
cast carriers. 

A typical setup utilizing @ 330 
series analyzers for measuring by the 
“total” distortion method is shown in 
Figure 3. The combination of distortion 
analyzer and oscilloscope is an ideal 
arrangement and provides a great deal 
of information. With this setup, tran- 
sient oscillations caused by saturation of 
iron in the circuit can be easily detected, 
as can continuous oscillations caused by 
unfavorable gain-shift characteristics. 
Such oscillations indicate an unstable 
system and are often unstable them- 
selves. However, they are frequently 
non-detectable unless an oscilloscope 
is used. 

The analyzer-oscilloscope combina- 
tion is also useful for determining the 
nature of distortion, the presence of 
excessive noise and hum; or for detect- 
ing distortion caused by grid current on 
driving peaks. ‘ 

I 

Figure 2. Harmonic analysis of slightly unsymmetrical square wave. Several harmonics were 
allowed to run off scale so the smaller, higher order harmonics are clearly visible. 
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@ 3 0 2 A  WAVE ANALYZER 

New, Highly Selective,  Transistorized, M e a s u r e s  W a v e  Components  Directly 

Advantages: 

No calibration or stabilization needed 

Direct readings; accurate 

Measures frequencies 20 cps to 50 KC 

Completely transistorized 

Battery or ac powered; hum free 

Low power consumption; no warmup needed 

Very sharp acceptance circuits 

AFC; also frequency restorer circuit 

Compact, rugged, versatile 

Oscillator-tuned voltmeter 

Uses: 
Measures and analyzes fundamentals, harmonics, and 
intermodulation products in telemetering, carrier and 
vibration systems as well as audio circuits. Speeds 
analysis of noise and broadcast amplifier character- 
istics; modulation amplifier, film sound track and re- 
cording distortion; hum, network characteristics, etc. 

New Model 302A Wave Analyzer represents a significant 
improvement in wave analyzer design. 

Completely transistorized, sophisticated in design, highly 
selective, free of tedious calibration and stabilization before 
use-these are but a few of the important convenience and 
accuracy features in the new 302A. 

Other exceptional features are extremely narrow band- 
width, automatic frequency control, automatic tracking when 
used as an oscillator tuned-voltmeter, provision for battery 
operation (18 to 28 volts) as well as ac line power, and 
elimination of warmup time. 

Simple 0 peratio n 
In operation the instrument functions as a highly selec- 

tive tuned voltmeter. A front panel control selects the fre- 
quency to be measured and voltage is then read directly on 
the front panel meter. 

Model 302A separates the input signal into its individual 
components so that each- the fundamental, harmonics and 
any intermodulation products-may be evaluated separately. 

The instrument operates by mixing the input signal with 
an internal oscillator adjusted to provide a difference fre- 
quency of 100 KC. An automatic frequency control circuit 
maintains a constant difference frequency between the in- 
put and oscillator signals. This insures accurate measure- 
ments despite frequency drift in the input signal. After the 
input signal is mixed with a voltage from the internal oscil- 
lator the 100 KC difference signal is passed through a nar- 
row-band crystal filter, amplified and metered. 
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Frequency R e s t o r e r  
A frequency restorer circuit makes accurate frequency 

measurements possible at each component frequency of the 
input wave. The frequency restorer circuit supplies a sinu- 
soidal signal at the frequency of the specific component to 
which the @ 302A is tuned. This signal can be measured on 
an electronic counter or observed on an oscilloscope. The am- 
plitude of the restorer signal is determined by the level of 
the selected component. When the mode selector switch is 
in the normal or AFC position, the signal appears at the 
output terminals if the meter is indicating. 

Model 302A is also particularly useful for measuring 
small signals on noisy systems or transmission lines. When 
the mode selector is switched to “BFO” the instrument be- 
comes an oscillator and tuned voltmeter automatically tuned 
by one control to the same or oscillator frequency. The selec- 
tire tuned voltmeter then discriminates against the noise and 
measures the desired signal. 

Speed and accuracy of measuring is enhanced by a linearly 
calibrated tuning control giving the same “tuning feel” 
throughout range. 

Figure I .  Block diagram, Model 302A Harmonic Wave Analyzer. 

Specifications @ 3 0 2 A  
Frequency Range: 20 cps to 50 KC. 
Frequency Calibration: Linear graduation 1 division per 

10 cycles. Accuracy t (1% + 5 cps) . 
Voltage Range: 30 pv to 300 v full scale in a 30, 100, 300 

sequence. Steps of 1 : 3 or 10 db. Meter range indicated by 
a dial mechanically linked to input attenuator. An abso- 
lute-relative switch provides for adjustment of intermedi- 
ate values. 

Warmup-Time: None. 
Voltage Accuracy: +- 5 $k of full scale value. 
Residual Modulation Products and H u m  Voltage: Greater 

than 75 db down. 
Intermediate Frequency Rejection: Intermediate frequency 

present in input signal rejected by at least 75 db. 
Selectivity: t 31/2 cycle b.w.-at least 3 db down 

f 25 cycle b.w.-at least 50 db down 
+- 70 cycle b.w.-at least 80 db down 
beyond 2 70 cycle b.w.-at least 80 db down 

Input Impedance: Determined by setting of input attenu- 
ator: 100,000 ohms on 4 most sensitive ranges, 1 meg- 
ohm on remaining ranges. 

Restored Frequency Output: 1 v across 600 ohms at output 
terminals for full scale meter deflection. Output level con- 
trol provided. Frequency response k 2c/o, 20 cycles to 
50 KC. Output impedance approximately 600 ohms. 

Oscillator Output: 1 v across 600 ohms at output terminals 
(mode selector in B.F.O.) . Output level control provided. 
Frequency response t 29%, 20 cps to 50 KC. Output 
impedance approximately 600 ohms, 

Recorder Output: 1 ma dc into 1,500 ohms or less at 
full scale meter indication, for ungrounded recorders only. 

Automatic Frequency Control: Range of frequency holdin 
is & 100 cycles minimum. 

Power: 115/230 v +- l o%,  50/1600 cycles, 3 watts (ap- 
proximately). Terminals provided for powering instru- 
ment from external battery source. Battery supply range 
28 v to 18 v. 

Weight: Net 43 Ibs. Shipping 54 lbs. (cabinet mount). 
Net 35 Ibs. Shipping 50 lbs. (rack mount). 

Dimensions: Cabinet Mount: 203/” wide; 12Y2” high; 
14Y2” deep. Rack Mount: 19” wide; high; 
13 13/16” deep behind panel. 

Price: @ 302-4, $1,800.00 (cabinet); @ 302AR, $1,785.00 
(rack mount). 

AC-97C Sweep Drive 
The AC-97C is a motor drive unit designed to enhance 

the usefulness of the @ 302A. With the AC-97C you may 
sweep through all or any part of the 302A range. Because 
the AC-97C produces an X-axis output, you may easily make 
automatic plots of harmonics and intermodulation products. 
When the @ 302A is used as an oscillator tuned-voltmeter 
the AC-97C permits automatic frequency response measure- .._ 

ments of networks, amplihers 
and filters even in the presence 
of high noise. 

T h e  AC-97C, although de- 
signed for use with the @ 302~4, 
also may be used to drive oscil- 
lators and other tunable devices 
through their ranges. A stand 
which allows the shaft height to 
be adjusted from 4 inches to 12 
inches is available for adapting 
the AC-97C to other equipment. 

Specifications @ AC-97C 
Sweep Range: 50 revolutions. 
Sweep Limits: Any interval from 50 revolutions to 10 de- 

grees. 
Sweep Speed: With @ 3Q2A: 170 cps per second and 17 

cps per second. 
Shaft Speed: 10 rpm, 1 rpm, and neutral; quick change 

speed transfer without stopping. vNeutral permits manual 

Sweep Output: 15 volts maximum. Change of output pro- 
portional to change in shaft position and zero output may 
be set for any shaft position. Full output may be obtained 
with 2Y2 revolutions or with 50 revolutions of the output 
shaft. 

Motor: Reversible synchronous capacitor type reluctance 
motor; may be stalled indefinitely. 

Output Shaft: % inch diameter with adapter to 7/16 inch 
for @ Model 302A. 

Power: 115 volts t lo%,  50 to 60 cps, 12 watts, running 
or stalled. 

Mount: Mounts on front panel of @ Model 302A or bench 
stand. 

Dimensions: 3%“ high, 7” wide, 5xft deep, shaft extends 

Price: @ AC-97C, $275.00. 

operation. k 

13/16’‘ behind case. 

Data subject to change without ~zotice. 
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@ 330B/C/D BISTORTION ANALYZER 

Accurate Distortion Readings 20 cps to 20,000 cps 

Advantages: 

Blankets audio spectrum 

Measures noise as small as 100 pv 

High sensitivity, high stability 

Measures distortion as low as 0.1% 

Wide-band 20 db gain amplifier 

Oscilloscope terminals, built-in VTVM 

High-gain, wide-band amplification 

Use It To Determine: 

Total audio distortion 

Voltage level, power output, gain 

Total distortion of AM rf carrier 

Noise and ham level directly 

Audio signal frequency 

The @ Model 330B Distortion Analyzer will give you 
quick, accurate measurements of distortion as low as 0.1% 

at any frequency from 20  cps to 20,000 cps. It will make 
noise measurements of voltages as small as 100 microvolts. 
The analyzer has high sensitivity and high stability. Its cir- 
cuit includes a 20 db amplifier, oscilloscope terminals and a 
precision vacuum tube voltmeter which is usable separately. 

These many features give the instrument exceptional use- 
fulness for all kinds of audio measurements in recording and 
motion picture facilities, broadcast studios, research labora- 
tories and in maintaining quality of audio production. 

Model 3308 Distortion Analyzer 

Basically, @ 330B Distortion Analyzer consists of a flat 
amplifier with slot rejection, a regulated power supply and 
a vacuum tube voltmeter. 

The 20 db amplifier operates in conjunction with the @ 
R-C tuned rejection circuit to provide nearly infinite attenu- 
ation at one frequency while allowing all other frequencies 
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to be passed at the amplifier’s normal gain. (See Figure 1.)  

Negative feedback is employed in the amplifier to minimize 
distortion, to give a uniform response over a wide range of 
frequencies and to provide high stability. Frequency response 
is flat from 10 cps to 100,000 cps; thus even the 5th har- 
monic of 20,000 cps is passed by the amplifier without ap- 
preciable attenuation. 

The voltmeter section of the equipment consists of a 
two-stage, high-gain amplifier, a rectifier and an indicating 
meter. A large amount of negative feedback is again em- 
ployed to insure stability and uniform response from 10 cps 
to 100,000 cps. The voltmeter-which may be used as a 
separate instrument-responds to the average value of the 
applied voltage wave and is calibrated in the rms value of a 
sine wave. 

Model 3 3 0 C  Distortion Analyzer 

For FM broadcasters, the @ 330C Distortion Analyzer is 
offered. It is identical in all respects with @ 330B, except 
that the voltmeter frequency range is 10 cps to 60 KC and 
the indicating meter movement is provided with VU ballistic 
characteristics to meet F.C.C. requirements for FM Broad- 
casting. Like the 330B, Model 330C provides nearly infinite 
attenuation at any one frequency and makes possible total 
audio distortion measurements at any frequency from 20 to 
20,000 cps. 

40 r 

ANY FREQUENCY BETWEEN 
2 0  AND 20,000 C . P . S .  

J -80 
I a 

20 200 2000 20000 
F R E Q U E N C Y  c. p. s. 

Figure I 

Model 330D Distortion Analyzer 

The 330D is identical to the 330c except that an AM 
detector has been included. This detector permits the meas- 
urement of envelope distortion of an amplitude-modulated 
carrier. The detector covers a range of 500 KC to 60 MC 
and is varied by a tuning capacitor and range switch which 
selects one of five bands. (Detector may be switched out 
of circuit when audio frequencies are used.) Model 330D 
also includes the special VU meter employed in Model 
330C. Other specifications are similar to Model 330B. 

Specifications 

Distortion Measurement Range: Any fundamental fre- 

Frequency Calibration Accuracy: f 2 %  entire range. 
Elimination Characteristics: Fundamental frequency reduced 

by more than 99.99% (80 db). Second harmonic attenu- 
ation less than 17%. (1.5 db) for fundamental frequen- 
cies 20 cps to 5 KC; less than 32% (3  db) for fundamen- 
tal frequencies 5 KC to 20 KC. 

Accuracy: Residual frequencies are measured to within 
2 3 7 c  of full scale value for distortion levels as low as 
0.5 %. Meter indication proportional to average value of 
residual components. Distortion introduced by instrument 
less than 0.17c. 

Sensitivity: Distortion levels of 0.3% are measured full 
scale. Levels of 0.1 % readable with good accuracy. 

Distortion Meter Input Impedance: Approximately 200,000 
ohms, 40 pf shunt. 

Input Level for Distortion Measurements: At least 1 volt 
rms . 

Voltmeter Sensitivity: Full scale sensitivities of 0.03, 0.10, 
0.30, 1.00, 3.00, 10.0, 30.0, 100 and 300 volts. Nine 
ranges spaced exactly 10 db. D b  scale: -12 db to +2 
db, calibrated on zero level = 1 milliwatt in 600 ohms, 

Voltmeter Frequency Range: Model 330B, 10 cps to 100 
KC; Models 330c and 330D, 10 cps to 60 KC. 

Voltmeter Accuracy: For line voltages of nominal value 
*lo% (104 volts to 126 volts), Model 330B within 
*3%, 10 cps to 100 KC: Models 330c and 330D within 
-+35%, 10 cps to 20 KC and t6%, 10 cps to 60 KC. 

Volheter  Input Impedance: Approximately one megohm, 
37 pf shunt. 

Noise Measurement: Full scale reading of 300 microvolts. 
Noise measuring frequency range, 10 cps to 20 KC. Satis- 
factory readings can be made to -75 dbm. 

Oscilloscope Terminals: Maximum gain from AF input to 
oscilloscope terminals is 75 db. 

Meter Movement: Models 330c and 330D: VU ballistic 
characteristics to meet F.C.C. requirements for AM, FM 
and TV broadcasting. 

AM Detector: Model 330D: linear rf detector rectifiesse 
transmitter carrier. Input circuit tunable from 500 KC to 
60 MC in 5 bands. Detector distortion is negligible. 

Power: 115/230 v *lo%, 50/1,000 cps, approximately 90 
watts. 

Dimensions: Cabinet Mount: 203/4” wide, 12%’‘ high, 
14%” deep. Rack Mount: 19” wide, l O l / , ”  high, 135/” 
deep behind panel. Also can be used with @ AC-17 End 
Frames. 

Weight: Net 38 lbs. Shipping 49 lbs. (cabinet mount). 
Net 30 lbs. Shipping 45 lbs. (rack mount). 

Accessories Available: AC-16A Cable Assembly, $4.50; AC- 
16B Cable Assembly, 65.50. AC-60B Transformer (for 
bridging input), $80.00. 

Price: @ 330B, $450.00 (cabinet); @ 330BR, $435.00 
(rack ‘mount). @ 330c, $475.00 (cabinet) ; @ 330CR, 
$460.00 (rack mount). @ 330D, $525.00 (cabinet); 
@ 330DR, $510.00 (rack mount). 

quency, 20 cps to 20 KC. 

c’ 

Data subject t o  change without fzotice. 
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@ ATTENUATORS 

@ 3 5 0 A / B  Attenuators 
Model 350A/B are basic bridged-T instruments for use 

when high accuracy, wide frequency response and large 5 
watt power handling capacity are required. The instruments 
are ideal for attenuating output of audio and supersonic 
oscillators, measuring gain and frequency response of ampli- 
fiers, measuring transmission loss and increasing the utility 
of other laboratory equipment. 

Specifications 

@ 350A, matches 500 ohm impedance. 
@ 350B, matches 600 ohm impedance. 

Attenuation: 110 db in 1 db steps. 
Accuracy, 0 to 100 KC: 10 db attenuator section: error 

less than 2 0 . 1 2 5  db, any step. 100 db attenuator section: 
error less than k 0 . 2 5  db to 80 db, less than k 0 . 5  db on 
90 and 100 db steps. 

deep. Rack Mount: lYf wide, 51/ff  high 3ysff deep. 

3 lbs. Shipping 10 lbs. (rack mount). 

350BR, $115.00 (rack mount). 

(Following apply to @ 350A and 350B) 

Power Capacity: 5 watts continuous duty. 
Dimensions: Cabinet Mount: 8%’’ wide, 57gff high, 5-5/16” 

Weight: Net 3 lbs. Shipping 7 lbs. (cabinet mount). Net 

Price: @ 350A or 350B, $110.00 (cabinet); @ 350AR or 

Data subject to change without notice. 

NOTE: @ also offers a w ide  var iety of waveguide attenuators. 
Please see pages  180, 181. 

@ 3 5 5 A / B  Precision Attenuators 
Model 35 5A and 35 5B are precision attenuators useful as 

components or laboratory instruments. Together the @ 355A 
and 355B provide 0 to 132 db attenuation in 1 db steps from 
dc to 500 MC. Accuracy and performance derives from a new 
design using balanced capacities, complete shielding of sec- 
tions, and cam-driven microswitches to insert or remove at- 
tenuator sections. 

Specifications @ 3 5 5 A  

Attenuation: 1 2  db in 1 db steps. 
Frequency Range: DC to 500 MC. 
Overall Accuracy: k O . 1  db at 1000 cps, k 0 . 2 5  db, fulI 

Impedance: 50 ohms. 
Maximum SWR: 1.2 below 250 MC, 1.5 below 500 MC. 
Max. Insertion Loss: 0 at dc; 0.4 db at 60 MC; 1.0 db at 

Power Dissipation: 0.5 watts average, 350 v peak. 
Connectors: BNC. 
Dimensions: 2 3 / ”  wide, 6” long, 25/Srf high. 
Weight: Net 1y2 lbs. Shipping 3 lbs. 
Price: @ 355A or 355B, $125.00. 

range. 

250  MC; 1.5 db at 500 MC. 

@ 355B same as 35jA except: 
Attenuation: 120 db in 10 db steps. 
Overall Accuracy: k 0 . 3  db to 120 db at 1000 cps, d b  

to 60 db below 250 MC, 1 2  db to 120 db below 500 MC. 





VOLTAGE, CURRENT AND RESISTANCE MEASURING EQUIPMENT 

Measurement of the basic electrical 
quantities of voltage, current and resist- 
ance is required daily in practically 
every facility applying electronics. Elec- 
tronic measuring instruments also are 
often used to facilitate mechanical and 
medical measurements. To fill all of 
these needs, Hewlett-Packard has de- 
veloped many precise, easy to use in- 
struments to make electrical measure- 
ments under a wide range of conditions. 
Dependability and versatility are im- 
portant @ design objectives, so that @ 
instruments can be applied with confi- 
dence even by personnel inexperienced 
with electronic circuits. 

Some of the operating principles of 
@ measuring instruments are briefly 
outlined below to help in selection of 
the proper instrument for a specific job. 

AC Voltage Measurement 
Average Responding Meters. The 

most widely used technique for ac volt- 
age measurement is to amplify the sig- 
nal with a high-gain, broad-band ampli- 
fier, and apply the amplifier output to a 
bridge rectifier circuit. The resulting dc 
current, which drives the meter, is pro- 
portional to the average level of the in- 
coming signal, Average responding 
meters are usually calibrated in terms 
of rms for a sine wave. This yields an 
answer remarkably close to the rms 
reading even with considerable amounts 
of distortion in the measured signal. 
(See Table 1 . )  

Table I .  Measurement errors from harmonic 
or other spurious voltages. 

Careful amplifier design makes pos- 
sible sensitivity of 1 mv full scale on 
such instruments, and suitable attenu- 
ators are used to measure signals as high 
as 300 volts full scale. High input im- 
pedance is a necessary requirement, so 
that circuit conditions are not upset 
when the voltmeter is placed in the 
circuit. Input shunt capacity also is im- 
portant (see F igure l )  because this will 
considerably modify the input imped- 
ance at high frequencies and may even 
be reason to use capacitive dividers (see 
voltmeter accessories, page 8 4 )  or a 

voltmeter employing another principle. 
Since input circuits of all @ ac volt- 
meters are single ended, bridging trans- 
formers AC-60A and AC-60B are used 
for balanced line measurements. 

I I I I ' I  
I O Y C  
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Figure I.  

@ 400D, 400H, 400L and 403A are 
high impedance, average responding ac 
voltmeters. Each model offers some par- 
ticularly useful advantage. The 400D is 
an inexpensive, yet versatile and stable 
instrument with bandwidth of 10 cps 
to 4 MC. Measurement ranges are from 
1 mv to 300 volts full scale, and input 
impedance is 10 megohms shunted by 
1 5  pf or 25 pf depending on voltage 
range. @ 400H is similar to @ 400D 
but accuracy is increased to 1% over the 
middle frequency range. Model 400L 
is also a high accuracy instrument with 
the added feature of a logarithmic 
meter movement giving considerable 
expansion of the lower portion of the 
scale, The resulting linear db scale 
spreads 1 2  db over more than 3 inches 
of scale length and is easily readable 
within 0.1 db. The db scale covers from 
-70 to f 5 2  in 12 ranges. 

Peak Responding Voltmeters. A 
second method of measuring voltage is 
to use a single diode detector in a high 
impedance probe to rectify the signal at 
the point of measurement and then am- 
plify the resulting dc. This technique 
offers particularly high frequency re- 
sponse since the ac signals travel a very 
short path to the rectifying diode. The 
peak responding circuit has the added 
advantage of very low input capacity, 
usually 1 to 3 pf, which makes the in- 
strument useful in capacity-sensitive cir- 
cuits. A peak rectifier is more sensitive 
to distortion, however, so the wave- 
form should be studied with an oscil- 
loscope if voltage accuracy is important. 
Meter scales are calibrated in rms v&e 
of a sine wave for maximum conven- 
ience. A peak responding instrument 
may be used to measure even short 
pulses if suitable corrections are applied 
to the reading. 

@ 410B is a general purpose peak 
responding instrument. Its frequency 
coverage is 20 cps to 700 MC and volt- 
age range is from 1 volt to 300 volts 
full scale. Since the unit contains a dc 
amplifier it has the added versatility of 
measuring both dc voltage and resist- 
ance. 

@ 411A RF Millivoltmeter uses the 
peak responding principle to measure 
much lower voltages than the 410B. 
The obvious extension of the principle, 
that of further amplification of the dc 
signal, is impractical because at low 
voltage, diode rectifiers are non-linear, 
and a different meter scale would be 
needed on each voltage range. This 
problem is overcome in the @ 41 1A by 
using a new type of measuring circuit. 
The rf signal is rectified and converted 
to dc in the probe (as in the 410B), but 
in the 41 1A this signal is fed to one in- 
put of a differential amplifier. The am- 
plitude of a 100 KC oscillator is con- 
trolled by the dc output of this ampli- 
fier. A feedback diode identical to the 
rf detector rectifies the 100 KC which 
is then fed to the other side of the dif- 
ferential amplifier. The circuit then acts 
as a servo loop. Rectified rf causes the 
amplitude of the 100 KC signal to vary 
until its rectified output is equal to the 
rectified rf. Then a simple meter circuit 
reads amplitude of the 100 KC which 
equals the rf voltage. 

The meter scale problem is overcome 
by the 411A circuit because the feed- 
back diode compensates for the non- 
linear response of the rf diode. The re- 
sult is a truly linear scale. The range of 
measurements possible with the 41 1A 
is from 500 KC to 1,000 megacycles 
with a full sca1e"sensitivity of 10 mv 
to 10 volts. The 411A has input caps--- 
city of only 2.5 pf to permit accurate 
low level measurements where low 
capacity is necessary. 

DC Voltage Measurements 
DC voltmeters also require high in- 

put impedance and high sensitivity but, 
in addition, they must not respond to ac 
voltages, and they are more difficult to 
stabilize in terms of zero drift. 

@ 410B uses a straightforward dc- 
coupled amplifier approach to provide 
high input impedance with moderate 
sensitivity. 

DC signals lower than 1 volt are usu- 
ally converted into ac with a mechanical 
chopper so that they can be amplified 
by ac techniques. This avoids the prob- 
lem of dc drift. Mechanical choppers, 
however, have the disadvantages of rel- 
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atively short life, high replacement cost, 
and occasional noisy contacts. To  over- 
come the mechanical chopper problem, 
@ developed a photoconductor chop- 
per which accomplishes switching by 
shining light on the cells at the proper 
time. This yields a quiet, low-noise 
chopper with high impedance and the 
long life associated with semiconduct- 
ors. 

The @ photoconductor chopper was 
first employed in a very high sensitivity 
dc voltmeter, @ 425A, which has a 
range from 1 volt to 10 microvolts end 
scale. Careful attention to small sources 
of thermocouple voltages and galvanic 
action gives the very low drift of less 
than 4 microvolts per day, Very high 
input impedance is obtained by using 
feedback to increase the already high 
chopper impedance. Heavy ac filtering 
makes the 425A reading insensitive to 
ac signals as high as 100 times the dc 
being measured. Calibrated shunt re- 
sistors make possible current measure- 
ments down to 1O- l2  amperes. 

A second photochopper instrument 
is @ 412A, a general purpose, high 
accuracy unit for measuring voltage, 
current and resistance. Voltage accuracy 
is 1% of full scale even on the most 
sensitive 1 mv range. Current ranges 
with suitable shunt resistors yield a 
current accuracy of 2% of full scale. 
Zero drift is negligible in the 412A; no 
zero control is required. This allows 
great simplicity of operation, and is a 
measure of the inherent design stability 
of Model 41 2 A. 

Where extremely high measurement 
accuracy and resolution are needed, a 
digital voltmeter is logically employed. 
An added advantage of digital metering 
is the ease of permanent recording, with 
equipment such as @ 560A or @ 561B 
Digital Recorders. Wi th  coupling 
equipment manufactured by Dymec, a 
division of Hewlett - Packard, digital 
measurements can also be recorded on 
punched cards or tape. 

@ 405BR and 405CR Digital Volt- 
meters were designed to provide digital 
measurement at a reasonable price. Re- 
markable simplicity of operation is an 
outstanding feature of these instru- 
ments. When a dc voltage is applied, 
the 405 is automatically zero set, the 
range and polarity are automatically se- 
lected, and the reading appears in a 
three-digit numeric tube display. These 
digital voltmeters also provide 11 meg- 
ohm input impedance, and freedom 
from the effects of ac signals. A low- 
pass filter in the input circuit attenuates 
power line frequencies by over 40 db. 

@ 405 type digital voltmeters em- 
ploy a ramp technique in which the 

input dc voltage is compared with a lin- 
early rising ramp voltage. At the instant 
the ramp begins, a signal gate is opened 
and the decade counter units begin to 
totalize clock pulses. When the ramp 
voltage reaches the external voltage, the 
gate is closed and the readout indicates 
the number of clock pulses counted. By 
choosing a clock rate of 50 KC and a 
ramp slope which produces 1 volt in 20 
milliseconds, 1,000 counts will accumu- 
late for a 1 volt input. Since the ramp is 
linear, the accumulated count will al- 
ways directly indicate the input voltage. 
The indicated voltage is that existing at 
the instant of coincidence. 

The @ 405 digital voltmeter is very 
useful in detecting small increments in 
a large voltage. A change of 1 millivolt 
in a 1 volt signal is very apparent on 
such an instrument, but would be ex- 
tremely difficult to detect on a meter 
face. A suitable ac to dc converter such 
as the @ 457A will extend the digital 
voltmeter advantages to ac measure- 
ment. 

The @ Dymec division also manu- 
factures a high-resolution digital volt- 
meter. (See page 201.) 

Resistance Measurement 
A frequently used ohmmeter circuit 

is based on the principle shown in Fig- 
ure 2. If the source voltage (E)  is one 
volt and R, is infinite, the voltmeter will 
deflect to full scale on its one volt range. 
A short circuit at R, would show no de- 
flection. If R, were equal to R,, a mid- 
scale reading would occur. Thus the 
ohms scale is calibrated with “zero” at 
no deflection, “infinity” at full deflec- 
tion, and the value of R, at midscale. 
Such an ohmmeter is included in @ 
410B, which has mid-scale resistance 
readings ranging from 10 ohms to 10 
megohms in seven ranges. 

4 I O l  
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Figure 2 

@ 412A covers an extremely wide 
range of resistance measurements, rang- 
ing from 1 ohm to 100 megohms, cen- 
ter scale. The smallest calibration mark 
represents just 20 milliohms on the low- 
est range. With such sensitivity the re- 
sistance of the ohmmeter leads could 
contribute considerable error. To  meet 
this problem a more refined circuit is 
used in @ 412A. (See Figure 3:) The 
four-wire probe allows the resistance 
of the current-carrying leads to be cali- 
brated as a part of R,. The resistance in 

TO HIGH 
IMPEDANCE 
VOLTMETER 

the voltmeter leads becomes insignifi- 
cant when compared to the input im- 
pedance of the metering circuit. 

f TO HIGH 
IMPEDANCE 
VOLTMETER 

- E  

T lRx 
Figure 3 

On the very high resistance ranges of 
the 412A, the input impedance of the 
voltmeter becomes a significant factor. 
On the 100 megohm scale, for example, 
R, is actually chosen as 200 megohms. 
The parallel 200 megohm input imped- 
ance of the meter gives an effective in- 
ternal impedance of 100 megohms. 

To measure extremely low resistances 
such as would be found in short lengths 
of large wire or relay contacts, a con- 
stant current source and sensitive dc 
voltmeter may be employed. The @ 
722AR 2-ampere power supply and 
425A sensitive voltmeter, for example, 
could be used for resistance measure- 
ments as low as 1 micro-ohm. 

The use of a constant current source 
makes the voltage reading directly pro- 
portional to the resistance value (R= 
E/I) ,  By taking the voltage readings 
with the @ 405 series digital voltmeters, 
highly accurate resistance information 
is obtained in digital form. With the 
proper selection of current, the instru- 
ment can be made direct-reading. 

Extremely high resistances can be 
measured by applying a high voltage 
and measuring the current flow on a sen- 
sitive instrument such as @ 412A or 
425A. Using a 500 volt supply (@ 
711A) and t k  most sensitive current 
range of the 425A, resistances as hi& 
as 5 x io i4  ohms can be measured. 

Current Measurement 
Classical current measurements are 

made by passing the current flow 
through a precisely calibrated resistor 
and measuring the IR drop. @ calibrat- 
ed shunt resistors, Models 470A through 
470F, are designed to shunt the input 
of the 400 series voltmeters, making the 
instruments direct - reading in current 
units. @ 412A and 425A are internally 
equipped with calibrated shunt resist- 
ors, reading dc currents directly. TO- 
gether they cover the range from 
amperes to 1 ampere, full scale. 

Current measurements of this type 
have the obvious disadvantage of inter- 
rupting the circuit under test. While in- 
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convenient, the IR drop method still 
achieves very accurate results in many 
cases. In some applications, however, 
insertion of a resistance in the line of 
current flow may alter the current being 
measured. With the increased import- 
ance of current measurements in tran- 
sistor work an obvious need developed 
for more versatile current measuring 
instruments. 

The @ 456A Current Probe meets 
this need in ac measurements. This in- 
expensive instrument is, in effect, a 
transformer which clips around the cur- 
rent-carrying wire, making the wire a 
one-turn primary. A transistor amplifier 
follows the transformer and produces 
an output voltage proportional to the 
current flowing in the original wire. 
When connected to an ac voltmeter or 
an oscilloscope, the @ 456A acts as a 
one-ohm current-to-voltage converter, 

Voltage scales can then be read directly 
in current units. 

The probe transformer design pro- 
vides an unusually wide passband of 20 
MC. The problem of impedance insert- 
ed into the measured circuit is mini- 
mized with the 456A. The reflected im- 
pedance of the secondary is reduced by 
the square of the turns ratio of the 
transformer. The @ 456A specifies an 
impedance insertion of less than 0.05 
ohms in series with 0.05 ph. 

A similar ac clip-on current probe has 
been designed specifically for use with 
the @ 150A' Oscilloscope. (See pages 
22 and 23.) 

Extending clip-on convenience to dc 
current measurements represented a 
somewhat more challenging problem 
for @ design engineers. By employing 
the second harmonic flux gate principle, 
however, the @ 428A and 428B have 

been made to respond to the magnetic 
field surrounding a wire carrying direct 
current. The advantages shown for the 
@ 456A also occur in these dc clip-on 
instruments. The reflected impedance is 
extremely low, making possible even 
the direct measurement of circulating dc 
ground currents. 

Model 428B has an output monitor- 
ing terminal which may be used for os- 
cilloscope observations, taking advan- 
tage of a bandwidth of dc to 300 cps. 
This makes possible the measurement of 
power line frequency ground loops. 

Model 428A measures dc current 
from 3 ma full scale to 1 ampere; Model 
428B covers a range extending from 1 
ma full scale to 10 amperes. Many inter- 
esting applications for these instru- 
ments arise from the possibility of add- 
ing or subtracting currents by enclosing 
several wires within the jaws of tbe 
probe. 

Table 2. @ voltage, current and resistance measuring instruments. 

AC Voltage DC Voltage Resistance Current Max. (full scale) Frequency Range Accuracy Special Features 

High sensitivity, 
wide ranae 

'nstrumen+ (tu11 scale) (full scale) (center scale 1 

- - I O  cps - 4 MC 2% F.S. 400D I mv - 300 v - 

High readability, 

wide range 
I O C P S - ~ M C  I F.S. high accuracy, - - 400H I mv - 300 v - 

400L I mv - 300 v - Logarithmic 1 %  F.S. 
lo cps - 4  MC 2% of reading ,!z:::i<::bf; 

Portable, battery 

frequency 
403A I mv - 300 v - - - I CPS- I MC 3% F.S. operated, low 

- 405BR/CR - I v - 1,ooov - 0.2% of reading automatic Digital VM, range - 
and polarity +- ldigit 

~ ~ ~~ - ~- 

410B I v - 300 v I v - 1,000 v 10 Megohms ohms to 10 - 20 CPS - 700 MC 3% F.$ test Multipurpose equipment -- 
Linear scales 

41 I A  I O m v -  I O v  - - - 500 KC - I GC 3% F.S. temperature 
stabilized 

- I mv - 1,000 v I ohm to"oo I pa to I amp - High accuracy 

- I mv - 1,000~ - - - 2% High accuracy 
(End Scale) (End Scale) DC null meter 

FS' general purpose dc Megohms 412A 

413A 

45bA - 

457A I v - 300 v - 
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@ 403A TRANSISTORIZED AC VOLTMETER 

Compact, Battery-Operated, 1 cps to 1 MC, Portable 

Specifications 

Weighing less than 5 pounds and compact enough to hold 
in your hand, this @ transistorized ac voltmeter measures 
from 100 microvolts to 300 volts over frequencies from 1 cps 
to 1 MC. (Maximum full scale sensitivity is 1 millivolt.) 

Range: 0.001 to 300 volts rms full scale (12 ranges) in a 

Frequency Range: 1 CPS to 1 MC. 

Accuracy: 

1, 3, 10 sequence. 

Within *3% of full scale, 5 cps to 500 KC. 
Within +5% of full scale, 1 to 5 cps and 500 KC to The instrument’s frequency coverage means it is useful in 

measuring sub-audio voltages in medical and geophysical 1 MC. 
instruments, servomechanisms, amplifiers and other instru- 
ments in the broadcast region, 

The battery powered Model 403A is completely free of 
internal hum and provides accurate measurements at power 
line frequencies or harmonics without beat effects. .Similarly, 
the meter is ideal for ungrounded measurements or those 
where ground loops create problems. Further, turnover and 
waveform effects are minimized because the meter responds 
to the average value of the input signal. 

Battery life of Model 403A is 400 hours, more than 6 
months normal use, Battery charge may be checked instantly 
by a front panel switch. 

Data subject t o  chaizge without notice. 

Nominal Input Impedance: 
2 megohms shunted by approx. 40 pf, 0.001 volt to 0.1 
volt ranges. 20 pf shunt on 0.3 to 10 volt ranges, 15 pf 
shunt on 30 to 300 volt ranges. 

Overload Capacity: 600 volts peak on 0.3 volt and higher 
ranges. 25  volts rms on 0.1 volt and lower ranges (fuse 
protection for greater than 25 volts). 

Power Supply: 5 standard radio type mercury cells (furnished 
with instrument). Battery life: Approximately 400 hours. 

Noise: Less than 6% of full scale when terminated in 100,000 
ohms or less on 0.001 volt range. Less than 3% of full 
scale on all other ranges. 

Dimensions: 8%” wide, 55”’’ high, 6%’’ deep. 

Weight: Net 4y4 Ibs. Shipping 9 Ibs. 

Price: @ 403A, $275.00. 



‘@ 400D, 400H, 480L VACUUM TUBE VOLTMETERS 

Highest Quality, Highest Accuracy Linear and Log Voltmeters 

Advantages: 

On these pages Hewlett-Packard presents three of the 
industry’s most widely used vacuum tube voltmeters. 

Basically similar instruments, Models 400D, 400H and 
400L have specific characteristics which render them suited 

Exceptional long-term stability 

Large voltage range. High sensitivity 

Broad 10 cps to 4 MC frequency coverage 

Two models individually calibrated to eliminate 
to given applications. 

Model 400D is essentially a low-priced precision voltmeter 
offering wide voltage range, 2 %  accuracy and the broad 
frequency coverage 10 cps to 4 MC. 

tracking error 

High 10 megohm input impedance 

Premium quality throughout; easy to service 

Usable as a stable, high gain amplifier 

Large overvoltage capacity 

Uses : 

Model 400H is an adaptation of Model 400D but offering 
individual meter face calibration and the extreme accuracy 
of 1% on an extra large 5 / ’  mirror-scale meter. 

Model 400L is a logarithmic version of Model 400D, 
again offering individual meter face calibration and very 
high accuracy, f 2 %  constant percentage of reading. The 
5” mirror-scale meter is included. 

Research and Development Laboratory 
Individual Cali brat ion 

Production Test 
As indicated above, Models 400H and 400L are individu- 

Communications ally calibrated to eliminate tracking error. Scale tracking error 

Service Departments 
is one of the major and inherent causes of inaccuracy in a 
voltmeter, but this has been eliminated, on a productioiz busis 
aiid ut iio extra cost to the buyer, in these two precision @ 

$4 400D 
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instruments. The result is maximum accuracy for the indicat- 
ing meter itself, and maximum accuracy for the instrument 
itself-the combination of the meter and its driving circuitry. 
The meter on each @ 400H and 400L is precisely and indi- 
vidually calibrated to the circuitry of that specific instrument. 

General Description 

Models 400D, H, and L are deliberately engineered to 
give you the best possible combination of measuring accur- 
acy, frequency and voltage range, and the trouble-free serv- 
ice life you expect from @ ; in short, perhaps the best multi- 
purpose voltmeters available. 

An important feature of each is the @-developed ampli- 
fier providing approximately 56 db of feedback at mid- 
range. This assures highest stability and freedom from cali- 
bration change due to external conditions. 

Stability long term is such that a reduction in the G, of 
the amplifier tubes to 75% of nominal value causes an error 
of less than 0.5c/c, 50 cps to 1 MC. 

And even line voltage variations as high as i. 10% cause 
negligible change. 

Other features common to these three rugged @ volt- 
meters include a high 10 megohm input impedance prevent- 
ing loading to circuits under test, generous overload protec- 
tion guarding the instruments even against peaks of 600 
volts, special circuitry minimizing transients during switch- 
ing, premium quality construction throughout, and output 
circuitry permitting the voltmeters to be used as broadband, 
high gain amplifiers throughout their full frequency range. 

1% Accuracy Model 4 0 0 H  

As indicated above, Model 400H is similar to Mode1 
400D but offers 1% accuracy. Details of accuracy at various 
frequencies are found in the table below. 

Logarithmic Model 400L 

Designed specifically for acoustical and communications 
engineers, and men working with decibel measurements, 
Model 400L incorporates a special logarithmic meter move- 
ment. The log voltage scale plus unusually long scale length 
provide an instrument of maximum readability and accuracy 
which is a constant percentage ( + 2 % )  of reading. The 
decibel scale is more than 5” long, and voltage scales spread 
across the full scale length. The meter is mirror-backed for 
utmost accuracy. A range switch changes voltage sensitivity 
in 10 db levels. This feature, together with the 1 2  db scale, 
provides the wide overlap desirable in decibel level measure- 
ments. 

Special db-Measuring 400D and 4 0 0 H  

As normally supplied, Models 400D and 400H read di- 
rect in volts and db, with the voltage scale uppermost. For 
greater resolution in db measuring, these instruments are 
available as Models 400D-db and 400H-db ($12.50 extra) 
with the db meter scale uppermost. 

Accessories 

See page 192 for line matching and bridging transform- 
ers. Capacitive voltage dividers and other useful accessories 
for @ vacuum tube voltmeters are listed on page 84. A volt- 
meter calibration system is described on page 83. 

Data subject to change without notice. 

Specifications 
400DlDR 400H/HR 400L/LR 

1.0 mv t o  300 v fu l l  scale. 12 ranaes Voltage Range: 

Frequency Range: 

Accuracy: 

10 cps t o  4 M C  

i 1 %  50 cps t o  500 KC. + 2 7  20 cps t o  I MC.’ 
30/’ 20 cps t o  2 MC! 

t 5 3 ,  IO cps t o  4 MC‘ 

i 2% full scale, 20 cps 
t o  I MC. +3%, 20 cps 
t o  2 MC;’ 5%, IO cps 

t o  4 M C  

rt 2% of reading or & 1 %  
of full scale whichever i s  
more accurate, 50 cps t o  

500 KC. t 3 %  of reading 
or & 2% of fu l l  scale, 20-  

cps t o  I MC.  + 4% of 
reading or i’ a of full 
scale, 20 cps t o  2 MC; 
t 5% of reading, I O  cps 

t o  4 MC 

Long Term StaMlitg: 

Calibration: 

Reduction in,Gm of amplif ier tubes t o  75% of nominal value results 
in  error of less than 0.5%, 50 cps t o  I M C  

Reads rms value of sine wave. Voltage indication 
proportional t o  average value of appl ied wave. 

Linear voltage scales 0 t o  3 and 0 t o  I; 
d b  scale - I 2  t o  + 2 db, 0 db= 

I mw i n  600 ohms. 

Reads rms value of sine 
wave. Logarithmic voltage 
scales 0.3 t o  I and 0.8 t o  3. 

Linear d b  scale, -IO d b  
t o  + 2 db ,  based on 0 d b  = I mw in 600 ohms, I O  d b  
intervals between ranges. 

I O  megohms shunted by 15 pf on ranges I t o  300 v; 25 pf on ranges 0.001 t o  0.3 v 

Output approx. 0.15 v mar. Internal impedance 50 ohms. 
Max. gain approx. 150 on 0.001 range. 

I15/230 volts t IO%, 50/1000 cps, approx. EO watts 

Dimensions: Cabinet Mount: 7%”wide II’/z’’ high 12” deep. 
Rack Mount: 19” wide, 7” high,’ I07/,’’ deeb behind panel. 

Weight: N e t  18 Ibs. Shipping 27I-L. (cabinetmount). N e t  21 ibs. Shipping 33 Ibs. (rack mount) 

-hp- 400D $250.00’ -hp- 400H $325.00’ -hp-  400L $325.00* Price: 
-hp- 400DR $255.00** -hp-  400HR $330.00** - h p -  400LR $330.00** 

Input Impedance: 

Amplif ier: 

- - Power: 

*Cab ine t  ** Rack Mount 

$! 400L 
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@ 405BR/CR AUTOMATIC DC DIGITAL VOLTMETERS 

Touch and Read Convenience, Automatic Range and Polarity Selection 

Specifications 
Range: 0.001 to 999 volts, dc. 
Presentation: 3 illuminated figures, with decimal and polarity sign. 
Accuracy: Within +. 0.2% of reading, * 1 count. 
Float ing input:  Permits measurement of systems operating within 

Range, Polarity Selection: Automatic. Hold control disables auto- 

Ranging Time: 0.2 seconds to 2 seconds, depending on range change 

Input Impedance: 1 1  megohms to dc on all ranges. 
Sample Rate: Internal: Maximum, between 4 and 5 per second. 

i 500 volts dc of power line ground. 

matic range selection and permits manual range choice. 

required. 

Minimum, one every 5 seconds. 

tive pulse, maximum rate five per second. 
External (405CR only) : Controlled by 20 volt posi- 

Response Time: Less than 1 second to step function. 
Inpu t  Filter ac Rejection: 3 db at 1.5 cps, nominally 44 db at 60 cps. 
Output:  (405CR only). 

lo-line decimal code for operating 9 Model 561B Digital 
Recorder or K05-405A remote indicator. 
Single-line voltage coded decimal (staircase), for operating 
@ Model 560A Digital Recorder, with use of the 405A-95C 
adapter. 
A print command for 9 digital recorders is issued after every 
sample, except when the 405CR is ranging. 

Power: 115/230 volts * lo%, 50/60 cps, 180 watts. 
Dimensions: 7" high, 19" wide, 137/" deep behind panel. 
Weight :  Net 26 Ibs. Shipping 38 Ibs. 

Accessories Available: @ 457A AC-to-DC Converter, see next page. 
Price: @ 405BR, $850.00. @ 405CR, $925.00. (Both rack mount.) 

Data subject to change without notice. 

Remarkable simplicity of use is an outstanding feature of 
the @ 405BR/CR Digital Voltmeters. Just touch the probe 
to the voltage to be measured, and the 405BR/CR auto- 
matically zero-sets itself, chooses the proper voltage range 
and polarity, and displays the result in bright, clear numerals, 
complete even to the polarity sign and decimal point. Oper- 
ator errors are reduced to the vanishing point ! 

For repeated readings in the same voltage range, the 
automatic feature can be disabled and the decimal can be 
positioned manually. 

Three digit resolution on all voltages between 1 and 1,000 
volts allows the observation of very small changes, and 
accuracy is held to t 0.25% of the reading on all ranges, -+: 1 
count. For maximum usability in various environments, the 
input is isolated from ground (allowing voltage difference 
measurements), dc input impedance is 11 megohms on all 
ranges, and ac rejection reaches the 3 db point at 1.5 cps. 

For systems applications, the @ 405CR is offered. This 
instrument is similar to @ 405BR but has provision for an 
external sampling command and recording outputs both in 
ten-line decimal code and one-line staircase code, as well as 
a print command for operating @ 560A/561B Digital 
Recorders. 

Versatility, operating simplicity and reasonable price make 
@ 405BR/CR Automatic DC Digital Voltmeters solid in- 
vestments for the laboratory, production line, or systems 
console. 



@ 4 5 7 A  AC-TO-DC CONVERTER 

High Accuracy A C  Measurements to 500 K C  With Digital Voltmeter 

With a dc digital voltmeter @ 457A is the ideal converter 
for many digital systems requiring that ac voltages be pre- 
sented in digital form for entry into card punches or auto- 
matic testing systems. It can also be used with @ 405CR 
Digital Voltmeter and an @ 560 series Digital Recorder to 
provide a permanent record in printed digital form. 

A frequency range from 50 cps to 500 KC is covered with 
conversion accuracy of 20.75% of full scale 2 1  mv. Even 
greater accuracy is obtained for signals under 50 KC. When 
Model 457A is used with @ 405BR/CR Digital Voltmeters, 
ac voltage measurements can be made with three-digit reso- 
lution and overall accuracy of 1% 2 2 counts from 50 cps 
to 500 KC. From 50 cps to 50 KC accuracy is 0.5% k 2 
counts. 

Model 457A is an average-responding, rms calibrated ac- 
to-dc converter. Thus, a one volt rms sine wave input pro- 
vides a one volt dc output. 

Ranging is accomplished by input attenuation so that the 
output dc voltage is always between 0 and 1 volt dc. Attenu- 
ation ratios are 1:1, 10:1, 100:1, and 1,000:1 with highest 
rated input of 300 volts rms. 

A new modular cabinet design provides easy access to the 
instrument chassis. The modular design facilitates stacking 
of instruments on the test bench. Or, if rack mounting is 
desired, two end brackets supplied with the instrument may 
be attached quickly. 

Specifications 

Input Range: 0 to 300 volts rms, in 4 decade ranges corres- 
ponding to 1, 10, 100, and 1,000 v rms full scale. 

Frequency Range: 50 cps to 500 KC. 

Accuracy: t 0.3% t 1 mv from 50 cps to 50 KC. t 
0.75% t 1 mv from 50 KC to 500 KC. 

Output: 0 to 1.0 v dc, responding to average value of ac in- 
put, with output calibrated as rms value of sine wave. 
Input step attenuation of 1, 10, 100, or 1,000. 

Output impedance: 10,000 ohms. 

Input impedance: 1 megohm, shunted by 30 pf. 

Power: 115/230 volts t lo%, 50/1,000 cps, approximately 
31 watts. 

Dimensions. 163/4ff wide, 3%” high, 131/4f’ deep. 

Weight: Net: 1 2  Ibs. Shipping 20 lbs. 

Price: @ 457A, price on request. 

Data subject to change without notice. 
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@ 411A RF MILLIVOLTMETER 

"Touch and Read" Measurement, 3 mv to 1 0  v, 500 KC to 1,000 MC! 

Advantages: 

More measurements with a single Instrument 

Reads rf voltage, 500 KC to 1,000 MC 

Measures millivolts at 1 GC (KMC) 

Full scale ranges 10 mv to 10 v 

Versatile probe tips for wide application 

High resolution on linear scale 

Reads in volts, decibels 

Eliminates annoying thermal drift 

Probe diodes protected against burnout 

U s e s :  

Laboratory, broadcast, production test department 

Measurements on coaxial lines 

Measurements in terminated coaxial circuits 

Accurate low-level measurements in IF strips 

Low-level measurements at vhf frequencies 

Millivolt sensitivity from 0.5 to 1,000 MC, linear volt- 
age scales and low thermal drift make the @ 411A RF Mil- 
livoltmeter unique among instruments of its kind. 

Although Model 411A measures voltages in the region 
where detector characteristics are square-law, the meter scales 
are linear without resorting to complex, difficult to adjust, 
compensating networks. Two voltage scales in a 1:3 ratio 
are provided so that you may make most measurements in 
the more accurate upper two-thirds of the scales. The 1:3 
ratio between voltage scales also permits a high-resolution 
db scale with 10 db between ranges. 

Temperature compensation in Model 411A is so effect- 
ive that rated performance is obtained in an ambient tem- 
perature range of 10 to 40"C, even when measuring signals 
as low as 3 mv. 

I 

R A N G E  

Figure I.  @ 411A Simplified Block Diagram. 
$0 - 8  - 8 ,  
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Circuit Description 
Utilizing a new approach, @ 411A generates, by use of 

feedback, a low frequency sine wave whose amplitude is 
equivalent to that of the rf signal input. This low frequency 
signal is metered, indicating the magnitude of the input 
rf signal. 

The general operation can be seen from the block dia- 
gram shown in Figure 1. The input rf is detected by a semi- 
conductor diode, and the resulting dc signal is fed into an 
error detector. Any difference between it and the feedback 
reference is amplified and used to control the output of a 
modulator operating on a 100 KC carrier. 

The magnitude of the 100 KC output is proportional to 
the magnitude of the error signal. The modulator output 
is fed back through the range attenuator to a second diode 
whose detection characteristics are closely matched to those 
of the rf detector. The resulting dc is used as the reference 
for the error detector. As long as the loop gain is high, the 
error will tend toward zero. 

Since the two detected dc voltages are approximately 
equal and the detection characteristics of the diode detectors 
are the same, the effective amplitude of the low frequency 
feedback signal must be equal to that of the input rf. Thus, 
a measure of the amplitude of the feedback 100 KC is 
equivalent to a measure of the input rf regardless of any 
non-linearity in the detector characteristics. 

Temperature compensation in Model 411A is accom- 
plished by placing the two detector diodes in close thermal 
proximity in the rf probe. Even though their detection char- 
acteristics change with temperature, they change in the same 
manner. In this way the two diodes maintain their match 
over a wide temperature range. 

Photoelectric Chopper 
Other features offered in the 41 1A include an @ developed 

photoelectric chopper to eliminate contact noise, guarantee 
high sensitivity, and provide freedom from zero-drift; an 
output for galvanometer recording; accessory probe tips for 
use in a wide variety of circuits (for measuring on as well as 
at the termiizatioiz of coax transmission lines), and a capacity 
divider increasing 411A voltage capability to 1,000 v. A 
coupling capacitor in the probe protects diodes from high- 
current transients when the probe is connected to potentials 
up to 300 v dc. 

When measuring terminal voltages on coaxial lines it is 
often desirable to terminate the line with a low reflection 
load such as the @ Model 908A Coaxial Termination (see 
page 189). 

In this application the @ 411A-21D Type N Tee Probe 
Tip is used with the 908A. Model 908A terminates the line 
and the “T” makes a convenient connection for the volt- 
meter. 

@ 411A-21G Accessory Probe Kit. Contains probe tips to meet all 
measurement requirements normally encountered. See specifications 

for details. 

Specifications 
Voltage Range: 10 mv rms full scale to 10 v rms full scale 

in seven ranges, Full scale readings of 0.01, 0.03, 0.1, 0.3, 
1, 3 and 10 v rms. 

Frequency Range: 500 KC to 1 GC( KMC) with accessory 
probe tips. Usable indications to 4 GC. 

Accuracy: 1 MC to 50 MC, f 35% of full scale; 50 MC 
to 150 MC, t 6% of full scale; 500 KC to 1 GC, 1 db. 

Meter Scales: Two linear voltage scales, 0 to 1 and 0 to 3, 
calibrated in the rms value of a sine wave. DB scale, cali- 
brated from + 3 to -12 db; o-db = 1 mw in 50 ohms. 

Input Resistance: Depends on probe tip, frequency and in- 
put voltage (see Figzrre 2 ) ;  typically 200 K ohms at 1 MC 
and 1 volt. 

I I IO IO0 1000 

Figure 2. Typical input resistance for @ 411A-21B, 21C, 21E. For 
21F, multiply 21E x 100. 

FREQUENCY (MC) RO 

Probe Tip Furnished: 4 I I A - 2 1 E  BNC Open Circuit Probe 
Tip, 500 KC to 500 MC. Maximum input: 300 v dc. 

Accessories available at additional cost: 
Probe Tips: 411A-21B  Pen Type Probe Tip, 500 KC to 

50 MC. Shunt capacity: less than 4 pf. Maximum in- 
put: 300 v dc. Price, $25.00. 411A-21C VHF Probe 
Tip, 500 KC to 250 MC. Shunt capacity: less than 2 pf. 
Maximum input: 300 v dc. Price, $20.00. 
411A-21D Type N “Tee” Probe Tip, 500 KC to 1 
GC. SWR is less than 1.15 when terminated in 50 
ohms. Maximum input: 10 v dc. Price, $40.00. 
411A-21F 100:1 Capacity Divider Probe Tip, 500 KC 
to 250 MC. Division accuracy: t 1%; Shunt capacity: 
2 pf. Maximum input: l , O @  v pk (dc + pk ac). 

Probe Kit: 4 1 I A - 2 1 G  Accessory Probe Kit. This kit in- 
cludes the 411A-21B, 411A-21C, 411A-21D, 411A- 
21F Probe Tips and a replacement diode cartridge, 
411A-21-5, in a convenient storage case. Price, $152.50. 

50-ohm Termination: @ Model 908A Coaxial Termina- 
tion. (See page 189.) 

Galvanometer Recorder Output: Proportional to meter de- 

Power: 115/230 v t lo%,  50 to 60 cps, 35 watts. 
Dimensions: Cabinet Mount: 11%” high, 7y2” wide, 12” 

deep. Rack Mount: 6 - 31/32” high, 19” wide, 103/8” 
deep behind panel. 

Weight: Net 1 2  lbs. (cabinet); 1 5  lbs. (rack). Shipping, 
18 lbs. (cabinet); 28 lbs (rack). 

Price: @ - 4 l l A ,  $450.00 (cabinet), @ 411AR, $455.00 
(rack mount). 

Price, $35.00. c 

flection, 1 ma into 1,000 ohms at full scale deflection. 

Data subyect to change without notice. 
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@I 410B VACUUM TUBE VOLTMETER 

All-Purpose Test Instrument Measures to 700 MC 

Specifications 
AC Voltmeter: 

Range: 1 to 300 v full scale. 
Frequency Range: 20 cps to 700 MC. 
Frequency Response: Flat within * 1 db to 700 MC; drops off less 

than 1 db at 20 cps. Indications obtainable to 3,000 MC. 

Inpu t  Impedance: Input capacity 1.5 pf, input resistance 10 meg- 
ohms at low frequencies. At high frequencies resistance drops 
off due to dielectric loss. 

DC Voltmeter: 

Range: 1 to 1,000 v full scale. 
Inpu t  Resistance: More than 100 megohms, all ranges. 

Audio, ultrasonic, rf and vhf voltages, antenna voltage, 

dc voltage in high impedance circuits-these are some of the 

measuring jobs the universally-known @ 410B can perform 

swiftly and dependably. This one compact instrument com- 

bines an ac voltmeter covering 20 cps to 700 MC, a dc volt- 

meter with more than 100 megohms input resistance, and 

an ohmmeter measuring from 0.2 ohms to 500 megohms. 

An important reason for the 410B’s perennial popularity 

Ohmmeter:  is its special diode probe. The probe has very low capacity 

to minimize disturbance to circuits under test. Range: 0.2 ohm to 500 megohms in 7 ranges. Midscale readings 
of 10, 100, 1,000, 10,000, 100,000 ohms, 1 and 10 megohms. 

General: Other features of the 410B include low drift (maintains 
Accuracy: $-3% of full scale, all ranges, on sinusoidal ac voltages 

and dc voltages. AC portion of instrument is peak-responding, 
calibrated in rms volts. 

calibration Over long periods of time) only one zero adjust- 

ment for all ranges, front panel function switching (leads 

are permanently attached), storage space for leads and probes 

at rear of the sturdy, lightweight instrument cabinet. 

Power: 115/230 v 2 IO%, 50/1,000 cps, 40 watts. 
Dimensions: Cabinet Mount: 7%’‘ wide, 111/2’’ high, 8%” deep. 

Weigh t :  Net 1 2  Ibs. Shipping 17 Ibs. (cabinet mount). Net 12  Ibs. 

Price: @ 410B, $245.00 (cabinet); (2 410BR, $265.00 (rack mount). 

Rack Mount: 19” wide, 7” high, 6” deep behind panel. 

Shipping 26 lbs. (rack mount). 
Data subject to change without faotice. 
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@ 4 2 5 A  DC MICROVOLT- AMMETER 

Read Directly lppa and 1pv with Compact, Portable Instrument 

Hewlett - Packard 425A DC Microvolt-Ammeter makes 
measurements of extremely small dc voltages and currents 
without requiring expensive arrays of complex equipment, 
even in the presence of relatively strong ac signals. 

No Mechanical Vibrator 

Two important circuit aspects include very heavy ac filter- 
ing and the substitution of a photoelectric chopper developed 
by @ to replace the conventional error-inducing mechanical 
vibrator. Every known assurance of safety, accuracy and de- 
pendability has been incorporated; momentary overloads of 
1,000 volts cause no damage; the pickup probe minimizes 
thermocouple and triboelectric effects. 

To assure that unwanted ac on the dc input does not dis- 
turb the meter indication, frequency response is down about 
3 db at 0.2 cps, down 50 d b  at 30 cps, and down approxi- 
mately 60 d b  at 60 cps. 

Drift- Free Amplifier 

Specifications 
Microvolt-Ammeter 

Voltage Range: Pos. and neg. voltages from 10 PV end scale to 

Curren t  Range: Pos. and neg. currents from 10 p l a  end scale to 3 

Inpu t  Impedance: Voltage Ranges: 1 megohm t 3%. Current 

Accuracy: Within * 3% of end scale. Line frequency variations 

1 v end scale, 11 steps, 1-3-10 sequence. 

ma end scale, 18 steps, 1-3-10 sequence. 

Ranges: Depends on range, 1 megohm to 0.39 ohm. 

i 5 cps affect accuracy less than * 2%. 

Amplifier 
Gain:  100,000 maximum. 
AC Rejection: At least 3 db at 0.2 cps, 50 db at 50 cps and approx- 

imately 60 db or more above 60 cps. A power line frequency 
or twice power line frequency signal 40 db greater than end scale 
causes less than 1% error. 

Output :  0 to 1 v for end scale reading, adjustable (5,000 ohm 
shunt potentiometer), 1 ma maximum at 1 v output. 

O u t p u t  Impedance: Depends on setting of output potentiometer; 
10 ohms when potentiometer is set for maximum output. 

Noise: Less than 0.2 pv rms (typically less than 1.2 PV p-p)  re- 
ferred to the input. 

Dr i f t :  After 15  minutes warmup drift is less than 4 pv per 
day referred to input. 

' 

Gen era1 
Power: 115/230 v 2 lo$%, 60 cps, 40 watts. 50 cps operation 

on special order. 
Dimensions: Cabinet Mount: 734" wide, 113/4'' high, 12" deep. 

Rack Mount: 19" wide, 7" high, 11" deep behind panel. 
Weight :  Net 17 lbs. Shipping 23 Ibs. (cabinet mount). hTet 2 1  

lbs. Shipping 33 lbs. (rack mount). 
Accessories Avai lable:  @ 425A-21B, 1,000: 1 Divider Probe, in- 

creases range of 425A to 1,000 volts. Division accuracy * 2%,  
input resistance 10 megohms. $55.00. 

Price: @ 425A, $500.00 (cabinet); @ 425AR, $505.00 (rack 
mount) ,  

For 50 cps power lines prefix Model No. with H02; no additional 
charge. 

ta sublect t o  rhauge without uotice. 

The amplifier provides a 1 volt output for end scale de- 
flection or a 1 ma output into 1,000 ohms to drive a potenti- 
ometer or galvanometer recorder. For driving sensitive po- 
tentiometer recorders, the 425A includes a built-in potenti- 
ometer for reducing output voltage. 

Model 425A has an inherent input impedance much higher 
than specified and a 1 megohm resistor directly across the 
input insures a constant input impedance. If an unusually 
high input impedance is required, the input resistor can be 
removed to provide greater than 200 megohms input imped- 
ance. 
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@ 412A PRECISION DC VOLTMETER-OHMMETER-AMMETER 

ly0 Accuracy VTVM is Also Precision Ohmmeter, Ammeter 

Specifications 
Voltmeter: 

Voltage Range: Pos. and neg. voltages from 1 mv to 1,000 v full 

Accuracy: * I % of full scale on any range. 
scale. 13 ranges. 

Input Resistance: 10 megohms on 1 mv, and 3 mv, and 10 
mv ranges. 

30 megohms f 1% on 30 mv range. 
100 megohms *I% on 100 mv range. 
200 megohms f 1% on 300 mv range and above. 

Current Range: Pos. and neg. currents from 1 pamp to 1 amp 

Accuracy: * 2% of f u l l  scale on any range. 
Input Resistance: Decreasing from 1,000 ohms on 1 pamp scale 

Ammeter: 

full  scale. 13 ranges. 

to 0.1 ohm on 1 amp scale. 
Ohmmeter: 

Resistance Range: Resistance from 1 ohm to 100 megohms center- 
scale. 9 ranges. 

Accuracy: f 5% of reading, 0.2 ohm to 500 megohms. 
*IO% of reading, 0.1 to 0.2 ohm and 500 megohms to 5,000 
megohms. 

Amplifier: 
Voltage Gain: 1,000 maximum. 
AC Rejection: 3 db at 1 cps, approx. 80 db at 50 and 60 cps. 
Output: Proportional to meter indication; 1 v at full scale; maxi- 

mum current, 1 ma. (Full scale corresponds to 1.0 on upper 
scale.) 

Output  Impedance: Less than 2 ohms at dc. 
Noise: Less than 0.1% of full scale on any range. 
Drift: Negligible. 

Power: 115/230 v * lo%,  50/60 cps, 35 watts. 
Dimensions: Cabinet Mount: 11$'2'' high, 71/2" wide, 10" deep. 

Weight: Net 12 Ibs. Shipping 17 lbs. (cabinet mount). Net 14 Ibs. 

Price: Q 412A, $400.00 (cabinet); Q 412AR, $405.00 (rack 

Rack Mount: 5%" high, 19" wide, 7$'2" deep behind panel. 

Shipping 22  Ibs. (rack mount). 

mount). 

Here is one compact instrument that makes all normally 
used dc measurements with precision and simplicity. 

The @ 412A provides 1% voltage and 2% current meas- 
urement accuracy. The unusually wide ohmmeter range covers 
from 1 ohm center scale to 100 megohms center scale so that 
resistance measurements can be made on wire sections as 
short as 6 inches or across insulators as high as 5,000 meg- 
ohms. 

The sensitivity and precision of the 412A are due in part 
to fresh circuitry concepts. For example, an exclusive @ de- 
veloped photoconductor chopper virtually eliminates dc drift 
and offset. No zero set control is needed. The 412A is thus 
an ideal dc preamplifier for a recorder or other applications. 
Output terminals are provided. 

The 412A insures accurate readings regardless of test con- 
ditions. Input is floating and input resistance is high, thereby 
avoiding errors due to loading circuits or insertion of ground 
connections. A very high degree of ac rejection insures that 
readings are accurate even in the presence of ac signals. 

Data subject to change without notice. 
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@ 413A DC NULL VOLTMETER 

Floating, High Impedance Input; 1 mv End Scale Sensitivity 

Specifications 

Model 413A uses the sensitive and precise circuitry of 
@ 412A (opposite page)  to provide a dc null voltmeter of 
outstanding stability and resolution. Model 413A has 13 
zero-centered ranges, running from 1 mv to 1,000 volts end 
scale. The input terminals are isolated from ground, allow- 
ing operation up to 500 volts dc or 130 volts ac from ground 
potential. 

High input impedance, (10 megohms on the most sensi- 
tive range, 200 megohms on 300 mv range and above) makes 
the Model 41 3A especially valuable in resistance bridge 
measurements. Accuracy of this instrument is within 2% of 
end scale; drift and noise are virtually imperceptible. 

Because the dc null voltmeter provides an output propor- 
tional to meter deflection, @ 413A is useful as an indicating 
and control device. For instance its high voltage gain (1,000 
on the 1 mv range), high stability and low noise make the 
@ 413A desirable for amplifying the output of a thermo- 
couple in control systems. The Zero control may be used to 
set an arbitrary reference, 

For dc voltmeter use, @ 413A offers high input imped- 
ance, voltage ranges from 1 mv to 1,000 volts end scale, 2 %  
accuracy and virtually drift-free operation. 

Voltmeter: 
Ranges: Positive and negative voltages from 1 mv to 1,000 v end 

Accuracy: -C 2% of end scale value. 
Input Resistance: 

scale in thirteen zero-center ranges. 

10 megohms on 1, 3, and 10 mv ranges. 
30 megohms on 30 mv range. 

100 megohms on 100 mv range. 
200 megohms on 300 mv range and above. 

AC Rejection: A voltage at power line or twice power line fre- 
quency 40 db greater than full scale affects reading less than 
1%. Peak voltage must not exceed 1,500 v. 

Limits of Zero Control: Approximately k end scale value on any 
range. 

Amplifier: 
Voltage Gain: 0.001 to 1,000 in thirteen steps. 
Gain Accuracy: * 11/2%. 
Gain Linearity: * 0.2%. 
Noise: Less than 0.1% (rms) of end scale on any range. 
Output: 1 volt for end scale deflection, same polarity as input 

signal. End scale corresponds to 1.0 on upper scale. Maximum 
load current 1 ma. 

Output Impedance: Less than 2 ohms at dc. 
AC Rejection: Approximately 3 db at 1 cps, 80 db at 50 and 60 cps. 
Input Terminals: Binding post. 
Input Isolation: Greater than 100 megohms shunted by 0.1 pf to 

instrument case (power line ground). 
Common Signal Rejection: May be operated up to 500 v dc, or 

130 v ac above ground. 
Power: 115/230 volts * lo%, 50/60 cps, 35 watts. 
Dimensions: Cabinet ,Mount: 111/2” high, 71/2“ wide, 10” deep. 

Rack Mount: 5% high, 19” wide, 7%’‘ deep behind panel. 
Weight :  Net 12  Ibs. Shipping 17 Ibs. (cabinet). 
Price: @ 413A, $350.00 (cabinet); @ 413AR, $355.00 (Fack 

mount), 
Data subject to  chniige without notice. 

P 
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@ 428A/B CLIP-ON DC MILLIAMMETERS 

Ultimate Measuring Ease, No Circuit Loading 

Advantages: 

No circuit interruption 
No circuit loading 
Measures dc in the presence of ac 
A convenient dc amplifier completely isolated from 

circuit being measured. 

Uses : 
Computer testing: with quick clip-on convenience, 

current measurements can be made rapidly. This 
speed of measurement is a great advantage wher- 
ever multiple readings must be made. 

Transistor circuit analysis : with virtually no loading 
of the circuit under test, Model 428A/B can use- 
fully measure current even in a low impedance 
emitter circuit. 

Combined measurements : by looping several wires 
through the jaws of the probe, the sum (or differ- 
ence) of individual currents can be measured 
directly. 

Low frequency ac current measurements: for external 
metering or recorder operation a front panel output 
on Model 428B provides a voltage proportional to 
the current being measured; bandwidth is dc to > 300 
cps. Can be used as an isolated input dc current 
amplifier. 

With the increased importance of current parameters in 
today’s development activities, @ 428A/B Clip-on DC Mil- 
liammeters are instrumental in saving many expensive engi- 
neering manhours. Now direct current from 0.3 milliampere 
to 10 amperes can be measured without interruption to the 
circuits involved, and without the error-producing loading 
of conventional methods. 

For any measurement of direct current within its range, 
simply clamp the jaws of the @ 428 probe around a wire, 
and read ! 

In any application where a large number of direct current 
measurements must be made, Models 4 2 8 A  and 428B are 
without equal for ease and speed of operation. Their wide 
current range will handle most signals directly. For even 
greater sensitivity, several loops may be put through the 
probe, increasing the sensitivity by the same factor as the 
number of loops. 

@ 4 2 8 A / B  make fast, accurate measurements in circuits 
where the introduction of conventional current-measuring 
devices would alter conditions to such an extent that the 
desired measurement would no longer be accurate. In fact, 
there are some cases where conventional current-measuring 
methods would render the circuit inoperative. Here, too, @ 
428A/B are fast and accurate, 
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Besides making current measurements directly, Models 
428A/B are also valuable for measuring sums and differ- 
ences of currents in separate wires. When the probe is clipped 
around two wires carrying current in the same direction, their 
sum is indicated on the meter; when one of the wires is 
reversed, their differeAce is measured. In this way, the bal- 
ancing of currents is easily accomplished by making their 
difference equal to zero. 

Models 428A and 428B are almost identical except for 
current measurement range. Model 428B has three more 
ranges than the 428A to give it full scale readings from 1 ma 
to 10 amperes. Another important new feature of Model 
428B is an output voltage proportional to meter deflection. 
This adjustable or calibrated output is available at the front 
panel for driving recorders or making low frequency current 
measurements over a dc to 300 cps bandwidth. It thus makes 
the instrument a convenient, completely isolated dc current 
amplifier. 

Circuit Description 

The core of the Model 428A/B probe tip is magnetically 
saturated by a high frequency current produced within the 
instrument, Without the high frequency saturation current 
the direct current being measured would induce a steady 
magnetic flux in the core. However, the magnetic saturation 
periodically changes the reluctance of the magnetic circuit 
and varies the strength of the dc-caused magnetic flux. 

Varying the dc magnetic flux induces a periodic voltage 
in the output coil proportional to the dc being measured. 
This signal is amplified and demodulated, then returned to 
the probe as negative dc feedback. It is this feedback signal 

which is metered. By keeping loop gain high and including 
the probe as well as the signal amplifier in the feedback loop, 
high levels of stability and accuracy are attained. 

Specifications 
Current Range: @ 428A: Full scale readings from 3 ma to 1 ampere 

in 6 ranges. $3 428B: Full scale readings from 1 ma to 10 am- 
peres in 9 ranges, 

Accuracy: 3%, k O . 1  ma. 

Probe Inductance: Less than 0.5 ph will be introduced into meas- 
ured circuit. 

Probe Induced Voltage: Less than 15 mv peak into measured circuit. 

AC Rejection: AC with peak value less than full scale affects meter 
accuracy less than 2% at frequencies above 5 cycles and different 
from the carrier (40 KC) and its harmonics. (On 428B 10 ampere 
range, ac is limited to 4 amperes, peak.) 

Output: @ 428B-Approx. 1.4 volts across 1400 ohms for full 
scale. Frequency response dc to 300 cps. 

Probe Insulation: 300 volts, maximum. 

Probe Tip Size: Approximately 1/2" by 9 / 3 2 " .  Aperture diameter 
3/ 16", 

Dimensions: Cabinet Mount, 7%" wide, 11%" high, 14%'' deep. 
Rack Mount, 19" wide, 7" high, 13" deep behind panel. 

Weight: Cabinet Mount: Net 19 Ibs. Shipping 24 lbs. Rack Mount: 
Net 24 Ibs. Shipping 3 5  Ibs. 

Price: @ 428A, $500.00 (cabinet); @ 428AR, $505.00 (rack mount). 
@ 428B, $550.00 (cabinet); @ 428BR, $55>.00 (rack mount). 

Data subject to change without notice. 



@ 4 5 6 A  AC CURRENT PROBE 

Measures AC Current Without Direct Connection to  Wire 

Specifications 
Sensitivity: 1 mv/ma * 1% at 1 KC. 
Frequency Response: * 2 % ,  100 cps to 3 MC. * 5 %, 60 cps to 4 MC. 

-3 db at 25 cps and greater than 20 MC. 
Pulse Response: Rise time is < 20 nsec, sag < 16%/msec. 
Maximum Input: 1 amp rms; 1.5 amp peak. 100 ma above 5 MC. 
Effect of dc Current: No appreciable effect on sensitivity and distor- 

tion from dc current up to 0.5 amp. 
Input Impedance: (Impedance added in series with measured wire 

by probe.) Less than 50 milliohms in series with 0.05ph. (This is 
approximately the inductance of 11/2 in. of hookup wire.) 

Probe Aperture: 3/16" dia. 
Probe Shunt Capacity: Approximately 4 pf added from wire to 

Distortion at I KC: For '/2 amp input at least 50 db down. 

Equivalent Input Noise: < 50 pa rms (100 ha when ac powered). 
Output Impedance: 220 ohms at 1 KC. Approximately +1 v dc 

component. Should work into load of not less than 100,000 ohms 
shunted by approximately 25 pf. 

Power: Two Mallory Battery Co. TR 233R and one TR 234 batteries 
( @ * 1420-0005 and 1420-0006). Battery life approximately 400 
hours. AC power supply optional at extra cost, 115/230 v i- lor0 
50 to 1,000 cps, approximately 1 watt. 

ground. 

For 10 ma input at least 70 db down. 

Weight: Net 3 lbs. Shipping 4 lbs. 
Dimensions: 5 "  wide, 6" deep, 1%'' high. Probe cable is 5 ft .  long; 

Price: @ 456A with batteries, $190.00. 
2 ft. output cable terminated with dual banana plug. 

@I 456A with ac supply (456A-95A) installed in lieu of bat- 
teries, $210.00. @ 456-9SA AC Supply for field installation, 
$40.00. 

Now your conventional voltmeter or oscilloscope can 

measure current quickly and dependably- without direct 

corinection to the circuit under test ov aizy appreciable load- 

ing to the test circuit. 

The unique @ 456A AC Current Probe clamps aroum' 

the current-carrying wire, and provides a voltage output you 

read on a VTVM or scope. Model 456A's 1 ma to 1 mv 

unity conversion permits direct readings up to 1 ampere rms. 

Model 456A permits measurement of ac in logic circuits, 

transistors and vacuum tubes since even 0.5 ampere of dc 

has no appreciable effect on operation. The instrument also 

makes possible viewing on oscilloscopes complex current 

waveforms with rise times up to 20 nsec, or current signals 

ranging from 1 ma rms to 1 ampere rms. 

The instrument can be relied upon for accurate measure- 

ments since it is virtually unaffected by stray fields or wire 

position in the aperture of the probe. 

Data subject to chaizge without notice. 
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@ VTVM CALIBRATION SYSTEM 

Highly accurate calibration of vacuum tube voltmeters or 
oscilloscopes is simple and fast with an @ VTVM Calibra- 
tion System composed of Model 738AR Voltmeter Calibra- 
tor, Model 739AR Frequency Response Test Set and Model 
200SR Oscillator. 

@ 738AR Voltmeter Calibrator is a highly stable pre- 
cision voltage source, expressly designed for calibration of 
high impedance electronic voltmeters and oscilloscopes. It 
provides accurate voltage levels from 300 microvolts to 300 
volts in precise pre-selected steps, Drift of dc voltage is less 
than 0.1% per week and less than 0.25% per week for ac 
voltages. 

@ 739AR Frequency Response Test Set provides a con- 
venient constant-amplitude reference voltage of a variable 
frequency, is ideal for checking the frequency response of 
VTVM's, oscilloscopes, video amplifiers and filters. Fre- 
quency response is checked by applying a constant ampli- 
tude voltage at various frequencies and noting the response 
of the device under test with respect to response at a refer- 
ence frequency. Internal oscillator, 300 K C  to 10 MC. 

@ 200SR Oscillator combines with the @ 739AR to 
extend the range to frequencies as low as 5 cps. 

Data sublect t o  change without notice. 

Specifications 

@ 7 3 8 A R  Voltmeter Calibrator 
Voltage Range: 300 pv to 300 v, dc or ac (rms and peak-peak, 

400 cps) . 
Levels: Calibration voltage 300 ILV to 300 v in steps of 0.3, 0.5, 1, 

2 and 3 volts with multipliers of 0.001, 0.01, 0.1, 1, 10 and 100. 
Tracking voltage 0.1 to 1 v in 0.1 volt steps and 0 to 3 v in 0.5 
volt steps. 

Accuracy: 300 v working voltage into attenuator, accurate within 
0.1% dc and 0.25% ac, after a 30-minute warmup. 

Long-term Stability: Less than 0.1% dc drift per week, less than 
0.2570 ac drift per week. 

Attenuator Accuracy: Within *O.l% or * 5  pv, whichever is larger. 
Dimensions: 19" wide, 7" high, 15" deep. 
Weight :  Net 38 Ibs. Shipping 75 Ibs. 
Price: 738AR, $875.00 (rack mount). 

@ 739AR Frequency Response Test Set 
Frequency Range: 300 KC to 10 MC in 3 ranges ( 5  cps to 10 MC 

with @ 200SR Oscillator). 
Frequency Response of Monitoring Circuit: Flat within * 0.57' from 

10 cps to 5 MC; within +0.5%, -l.5%, 5 cps to 10 MC. Mon- 
itoring circuit is averaBe reading. 

Dimensions: 17" wide, 7' high, 8%" deep 
Weight :  Net 20 Ibs. Shipping 28 Ibs. 
Price: ($8 737AR, $525.00 (rack mount). 

@ 2 0 0 S R  Oscillator 
Frequency Range: 5 cps to 600 KC in 5 ranges. 
Output: 3 v rms into 50 ohms. 
Dial Accuracy: * 2 % .  
Frequency Response: * 1 db, 1,000 cps reference. 
Dimensions: 17" wide, 7" high, 14%" deep. 
Weight :  Net 2 5  Ibs. Shipping 35 Ibs. 
Price: @ 200SR, $230.00 (rack mount); (2 200S, $225.00 (cabinet). 
NOTE: All three instruments are available in cabinet with single 
power cord and plug strip. Specify KO2 738A, $1,870.00. 

.- 
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VOLTMETER ACCESSORIES 

Extend the usefulness of your present @ voltmeters with 
these precision built @ accessories. Make fast, accurate meas- 
urements far beyond the original range of your instruments. 

In addition to the time-saving accessories shown here, @ 
AC-21F Current Probe (use with your ac VTVM or scope 
to measure current) and @ AC-211 Low Frequency Probe 
are offered. For details, see page 19. 

@ 4 5 2 A  Capacitive Voltage Divider 
For @ 400 series and 410B. Safely measures power volt- 

ages to 25  kv. Accuracy * 3%. Division ratio 1 ,OOO:l .  
Input capacity 1 5  pf f 1. Maximum voltage ratings at 60 
cps, 25 kv; 100 KC, 22  kv; 1 MC, 20 kv; 10 MC, 15 kv; 20 
MC, 7 kv. Usable for dielectric heating, power and super- 
sonic voltages. Price, $1 25.00. 

452A-05A Adapter: (Not shown.) Connects 410B to 
shielded connector. $25.00. 

@ 4 5 3 A  Capacitive Voltage Divider 
For @ 410B Voltmeter. Increases range so transmitter 

voltages can be measured quickly, easily. Accuracy t 1%. 
Division ratio, 100:l. Input capacity approximately 2 pf. 
Maximum voltage 2,000 v. For frequencies 10 KC and 
above. $30.00. 

($3 4 5 4 A  Capacitive Voltage Divider 
For @ 400 series Voltmeters. Safely measure power line, 

audio, ultrasonic and rf voltages. Accuracy t 3%. Division 

@ 455A 

ratio, 100: 1. Input impedance 50 megohms, resistive shunted 
with 2.75 pf capacity. Maximum voltage, 1,500 v. Price, 
$50.00. 

($3 4 5 5 A  Probe Coaxial "T" Connector 
For @ 410B Voltmeter. Measures voltages between center 

conductor and sheath of 50 ohm transmission line. Maxi- 
mum standing wave ratio 1.1 at 500 MC, 1.2 at 1,000 MC. 
Male and female type "N" fittings, Price $40.00. 

@ 458A Probe Coaxial " N "  Connector 
For @ 410B Voltmeter, Measure at open end of 50-ohm 

transmission line. (No terminating resistor.) Has female 
type "N" fitting. Price, $30.00. 

@ 4 5 9 A  DC Voltage Divider 
For @ 410B Voltmeter. Gives maximum safety and con- 

venience for measuring high voltages as in television receiv- 
ers, etc. Accuracy & 5%. Division ratio 1Oo:l. Input im- 
pedance 12,000 megohms. Maximum voltage 30 kv. Maxi- 
mum current drain 2.5 microamperes. Price, $50.00. 

@ 4 7 0 A - 4 7 0 F  Shunt Resistors 
For @ 400 series Voltmeters, to measure currents as small 

as 1 pa full scale. Accuracy -t 1% to 100 KC, -c 5% to 
4 MC (470A, -t 5 %  to 1 MC). Maximum power dissipa- 
tion 1 watt. 

MAX. MAX. 
INSTRUMENT CURRENT VOLTAGE VALUE PRICE 

(2 470A 3 a  0.3 v 0.1 a $35.00 
@ 470B l a  1.0 v 1 0  20.00 
@ 470C 0.3 a 3.0 v 10 Q 20.00 
$2 470D 0.1 a 10.0 v 100 Q 20.00 
@ 470E 40ma 2 5 . 0 ~  600 a 20.00 
@ 470 F 30 ma 30.0 v 1,000 a 20.00 

Data subject to change without notice, 

0 459A 

@ 454A 
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AMPLIFIERS 

Hewlett-Packard amplifiers cover a 
wide variety of measuring requirements. 

General - Purpose Amplifiers 
@ 450A Amplifier (page  90) is a 

general-purpose instrument ,  usable 
wherever wide frequency range and 
stable gain are desired. Because of a 
large amount of feedback, the instru- 
ment has an extremely stable 20 or 40 
db gain over a continuous frequency 
range of j cps to 1 MC. In addition, 
it can be used up  to 3 M C  with some 
sacrifice in gain and stability. 

The  new @ 466A AC Amplifier 
(page  90) is an extremely compact, high 
stability instrument ideal wherever low 
distortion, wide frequency range and 
ready portability are required. It is par- 
ticularly suited for increasing sensitivity 
of voltmeters and oscilloscopes, and for 
field measurements where high input 
impedance is required. 

Distributed Amplifiers 

@ 460A and 460B Distributed Am- 
plifiers (pages  86, 87) ,  are wide-range 
amplifiers provid ing  dis tor t ionless  
pulse amplification. They combine ex- 
tremely short rise time with zero over- 
shoot. 

These instruments are employed to 
amplify pulses faster than 0.01 micro- 
second. They provide suitable output 
for operating scalers or coincidence 
devices, or investigating characteristics 
of pulse circuitry in nuclear work or 
television, uhf and vhf networks. They 
increase sensitivity of oscilloscopes and 
voltmeters and are useful for other am- 
plification purposes up to 120 MC. Re- 
sponse is substantially constant down to 
20 KC. 

Operating Techniques 

@ 460A is a two stage voltage am- 
plifier (which does not invert the in- 
put signal) with approximately 20 d b  
gain and a rated output of 8 volts into 
an open circuit. This is sufficient for 
operating scalers, etc. For higher volt- 
ages required for cathode ray tube de- 
flection, @ 460B is recommended. This 
instrument is a wideband amplifier de- 
signed to supply a maximum of 1 2 5  
volts peak (negative) open circuit. This 
is sufficient to provide full deflection on 
any commonly-used cathode-ray tube. 
One or more 460B amplifiers can be 

cascaded with one or more 460A ani- 
plifiers to provide a high-gain pulse am- 
plifier with very rapid rise time and 
zero overshoot (see Figure I ) .  

Cascading Amplifiers 

When cascading distributed ampli- 
fiers, consideration must be given to 
polarity as well as amplitude of the 
pulse to be amplified. Model 460B, un- 
like Model 460A, consists of a single 
stage and will invert the polarity of the 
applied pulse. For maximum deflection 
on the cathode-ray tube, the setup must 
be arranged so that the input to the last 
460B is positive and of approximately 
8 volts peak amplitude. This can be 
achieved by preceding the final 460B 
with another 460B whenever necessary. 

The rise time of amplifiers in cascade 
is greater than that of a single amplifier 
by T x VK where n is the number of 
460 amplifiers in the system and T is 
the rise time of one 460 amplifier (3.0 
x seconds). In  addition, the rise 
time of the RC combination formed 
by the capacity of CRT deflection plates 
and the internal impedance of the 460B 
(200 ohms) should be considered. 

Traveling -Wave Tube 
Amplifiers 

Hewlett-Packard traveling-wave tube 
amplifiers (pages  88, 8 9 )  are high gain 
broadband linear devices covering the 
frequency range of 1 to 12.4 G C  
( K M C )  . Besides amplifying any type 
rf signal in their pass band they may 
be used to modulate rf signals with 
pulses of nanosecond rise and decay 
time. They may also be used to fre- 
quency modulate and phase modulate rf 
signals. In  addition they are suitable as 
broadband rf amplifiers for receiver and 
detector applications. 

@ Models 490B, 492A and 494A 
are intended primarily for high gain, 

low level application. They provide 30 
db ( 2 5  db for the 494A) amplification, 
with a noise figure of not more than 25  
db above theoretical. All can be grid 
and helix modulated. 

@ Model 491A provides an output 
power of at least 1 watt over the entire 
S-band frequency range. This output, 
when coupled with the instrument's 30 
d b  gain, makes it possible to use 491A 
with a standard 1 milliwatt S-band sig- 
nal generator (such as @ 616B) to 
provide a flexible 1 watt source in the 
2 to 4 G C  band. 

Noise Consideration in 
Amplifiers 

The limit of minimum useful input 
signal level to an amplifier is deter- 
mined by random varying voltages and 
currents present in the circuit and tubes. 

In distributed amplifiers, the noise 
factor is proportional to I/v;, where 
n is the number of tubes in the first 
stage. @ 460B has less internal gene- 
rated noise than @ 460A (460B has 
13  tubes in the first stage whereas 460A 
has only 5 ) .  @ 460B should thus be 
used to start a cascade chain when ex- 
tremely small  s ignals  a re  to  be  ex-  
amined. 

@ t ravel ing-wave tube amplif iers  
have low noise figures but because of 
their extreme bandwidth they have a 
large theoretical thermal noise power. 
When cascading two amplifiers for in- 
creased power gain, the system will ap- 
proach saturation due to this noise level. 
Cascading the amplifiers will providea 
source of  noise power approaching  
white noise for the frequency spectrum. 
If narrow band amplification is desired, 
a band pass filter may be used following 
the first amplifier. This will decrease 
the theoretical thermal noise power and 
increase the signal-to-noise ratio of the 
system. 

I U U 

Figure I ,  Typical cascading of 46OA/B Amplifiers to give 
approximately 7 0  db gain and 125 volt pulse output. 
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@ 460AR/BR WIDE-BAND AMPLIFIERS 

Wide-Band Distortion- Free Fast- Pulse Amplifiers 

Advantages: 

20 db gain-up to 90 db in cascade 

True amplification of nanosecond pulses 

Rise time 3 nsec 

No ringing or overshoot 

125-volt open circuit output 

Response follows Gaussian curve. 

Uses: 

Fast-pulse nuclear work 

TV, vhf, uhf, shf, research 

Simplifies measurement of small outputs 

100 MC pre-amplifier for oscilloscope 

Increases VTVM Sensitivity 10 times at 
frequencies up to 200 MC. 

General laboratory amplifier 

Model 460A/B Amplifiers make it possible for you to 
obtain at moderate cost true amplification of fast pulses at 
power levels sufficient to operate scalers, counting meters and 
cathode ray tubes. 

@ 460A Wide-Band Amplifier is used fundamentally to 
provide voltage gain, (approximately 20 db) . Its companion 
equipment, @ 460B, is designed as a terminal amplifier to 
give maximum voltage or power output. The amplifier’s 
ultra-short rise time of 0.003 psec, combined with zero over- 
shoot, insures distortion-free amplification of pulses faster 
than 0.01 pet. @ 460B cascaded with 460A provides linear 
amplification of 16 volts peak output; and with two 460B’s, 
pulse amplification of 125 volts open circuit. 

This unusual combination gives maximum usefulness for 
fast-pulse nuclear radiation problems, television, vhf, uhf 
or shf work. It also means the bandwidth of your standard 
oscilloscope can be increased to over 100 MC, and voltmeter 
sensitivity multiplied by 10. In cascade or singly, the ampli- 
fiers offer still further convenience as general-duty wide-band 
amplifiers for all types of laboratory problems, 

0 perat ion 

@ 460A incorporates an amplifier with a very wide trans- 
mission band-approximately 200 MC. The equipment has 
two stages of 5 and 7 tubes, respectively. 



Tube grids are connected along one transmission line to 
form the input circuit. Tube plates are connected along a 
second transmission line, forming the output circuit. A wave, 
traveling along the input line, excites the grids in succession; 
half the corresponding wave (generated in the plate circuit) 
travels down the plate toward the output. This wave is re- 
inforced at each successive plate. 

The part of the wave in the plate line which travels in 
the reverse direction is absorbed by a termination at the 
opposite end of the line. By the time the wave in the plate 
line reaches the output, it has been amplified by about 10 db. 
The second stage of the amplifier also increases the gain by 
approximately 10 db, making a total approximate gain of 20 
db for the unit. 

@ 460B operates on a similar principle except that it 
consists of one long amplifier chain or a single stage provid- 
ing maximum power and voltage output but somewhat lower 
gain (approximately 1 5  db) . 

T h e  faithfulness with which this equipment ampli- 
fies very fast pulses can be seen in Figure 1. The view at 
left (a) shows a 0.01 p e c  pulse applied through one @ 
460B Amplifier. The view at right shows a 0.02 p e c  pulse 
applied through 3 amplifiers in cascade. Note the very short 
rise time and the complete absence of overshoot or ringing. 

Response is shown in Figure 2.  The curve follows the 
Gaussian norm very closely, even to a point well beyond 
200 MC. This response also indicates how the amplifiers can 
be used with a vacuum tube voltmeter such as @ 410B (see 
page 76) to increase voltmeter sensitivity up to 10 times. In 
this combination, accurate readings are easily made of volt- 
ages as small as 0.01 volts, at frequencies from 200 KC to 
200 MC. 

200-Ohm Coaxial System 

Since the best interconnecting impedance level for these 
amplifiers is 200 ohms, @ has designed Series 46A acces- 
sories comprising a complete 200-ohm coaxial system of 
connectors and cables. These include leads with fittings, 
panel jacks and plugs, adapters to connect to a 50-ohm Type 
N system and a special adapter for use with @ 410B Vac- 
uum Tube Voltmeter. (See Specifications for details.) 

Figure I .  ( a )  0.01 psec pulse through @ 460B Amplifier. 
( b )  0.02 psec pulse through 3 amplifiers in cascade. 

Figure 2. Typical response of 460A Amplifier working into ( B )  
resistive load and ( A )  using @ 410B Vacuum Tube Voltmeter. 

( C )  Gaussian curve. 

Specifications 
@ 460AR* 

Frequency Response: High Frequency-closely matches Gaussian 
curve when operating into a 200-ohm resistive load. 3 db point is 
120 MC. Low frequency-off approximately 3 db at 20 KC when 
operating into a matched load. Off approximately 3 db at 3 K C  
when operating into an open circuit (i.e. CRT plates). Wi th  @ 
410B and 46A-95D: * 1 db, 200 KC to 200 MC. 

Gain: Nominally 20 db into 200-ohm load. Gain control has range 
of 6 db. 5 amplifiers may be cascaded. 

Sinusoidal Output: Approx. 8 v peak open circuit, less than 5% 
distortion. 

Pulse Output: 
Input Maximum Output 
Pulse Unloaded Loaded 
+ +8 v +3.2 v 

- -20 v -8 v 

Input Impedance: 200 ohms. 
Output impedance: 300 ohms. 
Noise Figure: Less than 10 db. 
Delay Characteristics: Approx. 0.014 wec. 
Rise Time: Nominally 0.003 psec (10% to 9 0 % ) .  No appreciable 

Power: 115/230 v * l o % ,  50/1,000 cps, 5; watts. 
Dimensions: Rack Mount: 19" wide, 5% high, 7" deep behind 

Weight: Net 12 Ibs. Shipping 18 Ibs. 
Price: @ 46OAR, $225.00. 

overshoot. 

panel. 

@ 460BR* 
(Same as 460A except as follows) 

Gain: Nominally 15 db into 200-ohm load. 
Sinusoidal Output: Approximately 8 v peak into 200 ohms load or 

16 v peak open circuit. 
output :  

Maximum Output 
Input Pulse Linear 
Pulse 

Unloaded Loaded Unloaded Loaded 

- +I6 v +8 V + l b v  +a v 

+ -I25 v -bO v -16 v -8 V 

NOTE: + 8 v input required for - I25  v output. 

Input Impedance: 200 ohms. 
Output Impedance: 200 ohms. 
Rise Time: Nominally 0.003 psec (10% to 9 0 % ) .  N o  appreciable 

Duty Cycle: 0.10. Higher duty cycles may be employed at sacrifice 

Delay Characteristics: Approx. 0.016 psec. 

Price: @ 460BR, $275.00. 

*AR and BR designate rack mount. Cabinet mount not available. 

overshoot. 

of output voltage. 

Noise Figure: Less than 6 db. u' - 

@ Accessories 
46A-16A Patch Cord-200 ohms, 2' long. $22.50. 
46A-16B Patch Cord-200 ohms 6' long. $31.50. 
46A-95A Panel Jack-For 200-ohm cables, low capacitance. $5.00. 
46A-95B Cable Plug-For 200-ohm systems. $5.00. 
8 120-0014 Cable-200-ohm cable in length to specification. Per foot 

46A-95C 50-Ohm Adapter-Type N connector for coupling 50-ohm 

46A-95D Adader-Bavonet sleeve for connecting @ 410B VTVM 

$2.25. 

line into @ amplifiers. $17.50. 
" 7  

to output df 460A amplifiers. $40.00. 
46A-95E Connector Sleeve-Joins two 46A-95B Cable Plugs. $7.50. 
46A-95F Adapter-For connecting to 5XP CRT. $9.00. - 
46A-95H Adapter-Type N to @ 460, 200-ohm termination. $17.50. 
46A-95J Adapter-Type N to @ 460, no termination. $15.00 
46A-95K Adapter-@ 410B VTVM to @ 460, 200-ohm termination. 

4608-95A Adapter-Connects to @ 15OA/AR oscilloscope plates. 

Data subject to change withoat notice. 

$35 .OO:. ~ 

$35.00. 
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@ 4 8 9 A / 4 9 5 A  TRAVELING -WAVE TUBE AMPLIFIERS 

Broad Band, High Gain, High Power Amplification, 1 to 12.4 GC (KMC) 

Advantages: 

Coupled-helix design 
Frequency coverage 1 to 12.4 GC (KMC) 
High power output 
30 db gain 
Nanosecond pulse modulation 
Front panel metering, monitoring 
Compact, portable, easy to use 
Encapsulated replacement tubes 

Use For: 

Calibrating CW Doppler radar 

Eliminating klystron delay, jitter 

FM’ing signal from stable shf sources 

Pre-amplification for receivers and detectors 

Measuring antenna patterns 

Measuring wide range attenuators 

Low level, low noise amplification 

High speed pulse generation 

Hewlett-Packard Traveling-Wave Tube Amplifiers are 
precision, broadband linear instruments making easily avail- 
able a complete group of measurements otherwise almost un- 
obtainable. 

Traveling-Wave Tube Amplifiers were first described in 
1946. But until development of this @ equipment, the prob- 
lem of coupling broadband signals into and out of the tube 
was not satisfactorily solved, and the industry had no prac- 
tical, dependable equipment of this type. 

@ 490B, 491~4, 492A and 494A utilize a simple broad- 
band coupling method employing input and output coupling 
helices (Figure I ) .  There is no mechanical connection to 
the inner helix, yet full energy transfer is effected. A similar 
helix is used for a coupled attenuator which surrounds the 
central portion of the tube, preventing amplified energy from 
causing regeneration. 

Standard TWT Amplifiers 

@ 4908 provides at least 10 milliwatts output, 30 db gain 
with noise figure of less than 25  db, excellent pulse modula- 
tion characteristics and helix modulation. 

8 49 I A has a full range output of 1 watt, with minimum 
gain of 30 db. This instrument, together with a 1 milliwatt S- 
band signal generator such as @ 616A ( ree  sectiotz o t ~  Sigiial 



Generators in this catalog) provides a versatile full watt 
source for high power testing at 2 to 4 GC (KMC). When 
modulated output is desired, the 616A Signal Generator may 
be modulated and the 491A will faithfully amplify the mod- 
ulated signal. 

@I 492A ( 4  to 8 GC) and r@ 494A ( 7  to 12.4 GC) are 
low level, high gain instruments with 30 db gain and 20 mw 
output. They offer the unique versatility of amplitude, pulse, 
phase or FM modulation, and are ideal for use as broad- 
band amplifiers or isolating buffer stages. 

Encapsulated Replacement Tubes 
l::=,:y,~~~ ,:’....“.2 

OUTPUT 

Figure I. Construction of the @ Traveling Wave Tube showing input 
and output coupling helices and attenuator helix. 

Adjustment of coupling helices of the traveling-wave 
tubes is highly critical, and the tubes themselves are some- 
what fragile. To eliminate field adjustment and need for 
excessive care in handling, the tubes are encapsulated in an 
assembly which protects the tube and includes integral coup- 
ling helices. The capsule includes tube plugs, coaxial lines 
and front panel connectors. When delivered, the assembly is 
tested and ready to install. Credit is allowed for defective tube 
assemblies returned intact on exchange, since many parts are 
reusable. 

New High Power TWT Amplifiers 
These new high power TWT amplifiers provide at least 

one watt output for a one milliwatt input over their complete 
frequency range. 

Frequency Range: 
Gain: 
Output Power: 

Noise Figure: 
Pulse Rise & Decay Time: 
Modulated Pulse Delay: 
Amplitude Modulating 

Voltage: 

Helix Modulating 
Voltage: 

Hum, Spurious 
Modulation: 

Input Impedance: 

Output Internal 
Impedance: 

Dimensions and Weight: 

Power Supply: 

Traveling-Wave Tube: 

Price (including tube) : 
All instruments equipped 

@ 490B 
2 GC to 4 GC. 
30 db minimum. 
10 milliwatts minimum 
into 50 ohm load, 
Less than 25 db. 
Approx. 0.015 psec. 
Approx. 0.035 psec. 
Approx. 50 volts peak- 
positive pulse will pro- 
duce a 40 db change 
in rf power output. 
Sensitivity, approxi- 
mately 1 db/volt. 
Approx. 30 volts peak- 
to-peak provides 360” 
phase shift. Input-im- 
pedance 1 megohm. 
At least 30 db below 
signal level. 
50 ohms, SWR less 
than 2. 
50 ohms, SWR less 
than 3. 
79”‘‘ wide, 11%” high, 
191/2’’ deep. 55 Ibs. 
115 volts * lo%,  50/- 
1,000 cps, approx. 125  w. 
Huggins Laboratories 
HA-1 HP. 
$1,400.00 

with front panel metering 

Amplitude modulation circuitry has been specially designed 
for wide bandwidth (down to dc) and with internal amplifi- 
cation so that small modulation signals cause a large output 
power change. Not only does the modulation circuitry permit 
amplitude modulation with small input signals, but power 
leveling may be achieved with external elements. To complete 
the feedback loop, the rf output is sampled by a directional 
coupler, detected and then amplified to approximately 10 
volts. Any tendency of the rf output to change is coupled to 
the modulator circuit which compensates and maintains con- 
stant rf output. 

These high power TWT amplifiers utilize periodic PM 
focusing; they are lightweight, compact, and have low power 
consumption. They may be easily converted from cabinet to 
rack-mounting configuration merely by removing the feet 
and attaching brackets and a strip (supplied), so that the 
panel meets EIA Standards. 

Specifications 
Models - 4 8 9 A ,  491  C, 4 9 5 A  

Model: 489A 491C 493A 495A 
Frequency Range: 1-2 GC 2-4 GC 4-8 GC 8.2-12.4 GC 
Price: $1,970.00 $1,970.00 $2,900.00 $2,900.00 
Common Specifications 
Output For I mw Input: At least 1 watt. 
Maximum rf Input: 100 mw. 
Small Signal Gain: Greater than 30 db. 
Amplitude Modulation Passband: DC to 300 KC. 
Modulation Sensitivity: Approx. 20 db rf change for a 20 v pk 

Input Impedance: 50 ohms, SWR less than 2.5. 
Output Impedance: 50 ohms, SWR less than 2.5. 
Connectors: Type N female. 
Front Panel Controls: GAIN. 
Meter Monitors: Anode, helix, collector and cathode current. 
Dimensions: Cabinet: 16%” wide, 5%’’ high, 18%“ deep: 

Weight: Net 40 Ibs. Shipping 60 Ibs. 
Power: 115/230 v * lo%, 50/60 cps, approx. 200 watts. 

input signal. 

Rack: 19” wide, 5%“ high, 16%” deep behind panel. 

Specifications 
Q 491A 

2 GC to 4 GC. 
30 db minimum. 
1 watt minimum into 
50 ohm load. 
Less than 30 db. 
Mod. not provided. 
Mod. not provided. 
Mod. not provided. 

@ 492A 
4 GC to 8 GC. 
30 db minimum. 
20 milliwatts minimum 
into 50 ohm load. 
Less than 30 db. 
Approx. 0.015 psec. 
Approx. 0.020 psec. 
Approx. 50-volt peak posi- 
tive pulse will produce a 
40 db change in rf power 
level. Sensitivity, approxi- 
mately 1 db/volt. 

Mod. not provided. Approx. 40 volts peak-to- 
peak provides 360” phase 
shift. Input impedance 
100 K. 

At least 30 db below At least 40 db below sig- 
signal level. nal level. 
50 ohms, SWR less 50 ohms, SWR less than 2. 
than 2. 
50 ohms, SWR less 50 ohms, SWR less than 3. 
than 3. 
71/2“ wide, 11%’’ high, 7$”“ wide, 11%” high, 
20” deep. 73 !bs. 20” deep. 66 Ibs. 
115 volts * lo%,  50/60 11Fvelts *lo%, 50/60 
cps., approx. 370 w. cps, approx. 200 watts. 
Huggins Laboratories Microwave Electronics 
HA-2HPA. Corp. M2207. 
d 1,400.00. $1,500.00. 

@ 494A 
7 GC to 12.4 GC. 
30 db minimum. 
20 milliwatts minimum 

%’into 50 ohm load. 
Less than 30 db. c 

Approx. 0.015 psec. 
Approx. 0.015 psec. 
Approx. 50 volt peak posi- 
tive pulse will produce a 
40 db change in rf power 
level. Sensitivity, approxi- 
mately 1 db/volt. 

Approx. 50 volts peak-to- 
Deak Drovides 360’ phase 
ihift. ‘Input impedance 
100 K. 
At least 40 db below sig- 
nal level. 
50 ohms, SWR less than 2. 

50 ohms, SWR less than 3. 

71/2“ wide, 11%” high, 
20” deep. 64 Ibs. 
115 volts ‘lo%, 50/60 
cps, approx. 225 watts. 
Microwave Electronics 
Corp. M2201-K. 
$1.800.00. .. I 

for cathode, anode, helix and collector current. Data subject t o  change without notice. 
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@$ AMPLIFIERS 

@ 4 6 6 A  AC Amplifier 
Model 466A AC Amplifier is a highly stable, low dis- 

tortion, wide range amplifier offering 20 or 40 db gain to 
increase sensitivity of oscilloscopes or voltmeters by 10 or 
100. Flat frequency response renders the instrument appro- 
priate for audio, ultrasonic or low rf measuring. 

The 466A is powered by ac line voltage, or by batteries 
providing approximately 150 hours of hum-free service. Its 
light weight and small size recommend it for field appli- 
cation. 

Specifications 
Gain: 20 db (x1O) or 40 db (x1OO) t 0.2 db at 1,000 

cps. 
Frequency Response: t 0 . 5  db, 10 cps to 1 MC down 3 db 

or less at 5 cps and 2 MC. 
Output Voltage: 1.5 v rms across 1,500 ohms. 
Output Current: 1 ma rms maximum. 
Noise: 75 pv referred to input, 100,000 ohm source. 
Impedance: Input, 1 megohm, 25 pf shunt; output, ap- 

proximately 50 ohms in series with 100 pf. 
Distortion: Less than I%, 10 cps to 100 KC; less than 5% 

to 1 MC. 
Power: 115/230 v t lo%, 50 to 400 cps, approximately 1 

watt (supply normally furnished). Battery operation op- 
tional: 3 radio type mercury batteries, TR234 or equiva- 
lent, 3 required ( @  #1420-0006). Battery life approxi- 
mately 150 hours. 

Size: 6%” wide, 4” high, 6Xq“ deep. Weight 3 Ibs. 
Price: @ 466A, $150.00, ac or battery operation. (Please 

Data subject to change without notice. 
specify.) 

@$ 4 5 0 A  Stabilized Amplifier 
Model 450A is a general-purpose ac-powered amplifier 

offering a highly stable 20 or 40 db gain at any frequency 
from 10 cps to 1 MC. The instrument is resistance coupled, 
avoiding peaking or compensating networks. Optimum per- 
formance is obtained by clean, straightforward circuitry plus 
inverse feedback. Phase shift is negligible, there are no spu- 
rious oscillations or resonances, and hum is minimized by 
using a dc filament supply for input amplifier tubes. 

Specifications 
Gain: 20 db (x10) or 40 db ( ~ 1 0 0 )  + 1/8 db at 1,000 

cps. 
Frequency Response: 40 db gain: t y2 db, 10 cps to 1 

MC; t 1 db, 5 cps to 2 MC. 
20 db gain: t ‘/2 db, 5 cps to 1 MC; t 1 db, 2 cps to 
1.2 MC. 

Stability: I+ 2%, includes line voltage variation (115/230 

Impedance: Input, 1 megohm, 15 pf shunt. Output, less 

Distortion: Less than I%, 2 cps to 100 KC; approximately 

Output: 10 v max. into 3,000 ohm or greater load. 
Noise Referred to Input: 40 db gain, 40 pv; 20 db gain, 

Power: 115/230 v t lo%, 50/1,000 cps, 50 watts. 
Size: 8%” wide, 5%’’ high, lol/,’’ deep. Weight, 10 Ibs. 

Rack Mount: 19” wide, 5%” high, ioS/” deep behind 
panel. 

Price: @ 450A, $160.00 (cabinet); @ 450AR, $165.00 
(rack mount). 

v t 10%). 

than 150 ohms. 

2% above 100 KC. 

250 pv. 
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FREQUENCY AND TIME MEASURING EQUIPMENT 

t .oi%- 

By means of electronic circuits, frequencies can be added, 
subtracted, multiplied and divided with precision. When 
such circuits are used in conjunction with a high quality 
time base, measurements of frequency and time can be made 
with accuracy approaching that of the time base itself. 

Frequency and time measuring instruments are used in 
every branch of science and engineering where these quan- 
tities are considered, The  complexity and precision of fre- 
quency and time measuring instruments depend largely upon 
their intended application. 

Hewlett-Packard instruments for frequency and time meas- 
urements presented in this section of the catalog can be 
categorized as : 

Electronic Counters 
Transfer Oscillators 
Digital Recorders and Digital Clocks 
Electronic Frequency Meters and Tachometers 
Tachometer Instruments and Transducers 
( S e e  also pages 52 d n d  5 3 )  

@ equipment in these categories measures frequencies 
from 0 cps to 40 G C ( K M C ) ,  and time intervds from 1 
microsecond to 100 days with instrument stability as high as 
j parts in one hundred million per week. 

@ frequencyltime standard systems are described in a 
separate section of this catalog. See pages 118-125. 

Special purpose counters and other digital equipment man- 
ufactured by Dymec division of Hewlett-Packard are de- 
scribed on pages 195-210. 

Elec tron ic  C o u n t e r s  
The development of pulse counter circuits has led to the 

manufacture of electronic counters capable of many measure- 
ments which were not previously possible, particularly those 
involving frequency and time. Hewlett-Packard electronic 
counters offer the convenience of rapid, automatic readings, 
in direct numerical form, of frequency, period, time interval 
and phase angle. They are designed for simple operation 
and may be used readily by non-technical personnel. They 
are engineered for utmost dependability and accuracy. 

electronic counters and their basic characteristics are 
listed in Table 1. 

F r e q u e n c y  M e a s u r e m e n t s  
In the frequency measurement mode, an unknown fre- 

quency signal is shaped and applied to the signal gate. ( S e e  
Figure 1 . )  

A C C U R A C l  I V R Y S  S I N I  WAY1 
4 0 0 8  SIGNAL TO YOIS1  RAl ld .  

C O U Y T I Q  I R I O U E Y C I  I Q M C  100 \ I  
i I I \ I  

@ -  C C U C C U C b  
C O U N T E R S  

'-.001. .01, .I, 1 , O R  IO SECONDS 

T I M E  B A S E  
GERERATDR 

N N C T I O N  SEL ICTOR F R E P U l N C l  U N I T  

I I 

Figure.  I. Basic diagram of @ 524 when measuring 
frequencies below 10 MC. 

521A 
521C 
5210 
521 E 
5228 

5212At 
5512At 
521 G 

5232At 
5532At 
523C 
523D 
524C 
5240 

5275At 

120 KC* 
120 KC* 
I20 KC* 
120 KC* 
120 KC* 
300 KC 
300 KC 
1.2 M C  
1.2 MC 
1.2 M C  
1.2 M C  
1.2 M C  

10.1 M C t  
10.1 M C t  
100 MC 

4 
5 
4 
5 
5 
5 
5 
5 
6 
b 
b 
6 
8 
8 
7 

Column 
Column 
In  Line 
In Line 
Column 
Column 
In Line 
Column 
Column 
In Line 
I n  Line 
Column 
In Line 
Column 
Column 

X Power Uno** 
X & 0.01 3: 
X Power Line** 
X 
x x x  
x x  
x x  
X 
x x  
x x  
x x x  
x x x  
x x x  
x x x  

X 

+ 0.Oly. 
I /GVweek stability*** 
t O.Ol% * 0.01 ye 

Power Line** 
3/lO?/month stability*** 
3/lO'/month stability*** 
2/ 108/week stability**' 
2/1OB/week stability*** 
S/W/week stability'" 
5/108/week stability*** 
Ext. Standard 

'220 KC available on special order. 
**Power line frequency in most o f  the United States i s  held accurate within 
+O.l%. A crystal t ime base with accuracy o f  0.01% i s  available on special 
order. 

***Time base stabil ity specifies the maximum amount the time base oscillator 
wil l drift. Absolute accuracy is determined by the calibration technique 
employed. 

tPiug-in units extend frequency range t o  510 MC;  permit  t ime interval meas- 
urement from one microsecond t o  100 days; extend per iod multiplication 
factor up t o  10,000; increase sensitivity; and improve phase angle measure- 
ment capability. 

$For a discussion of new Hewlett-Packard transistor counters, see page 107. 
Detailed specifications are given on pages 108, 109, 110. 

T a b l e  I. @ Electronic Counters 

The gate is held open for a precise length of time deter- 
mined by the time base generator, a crystal oscillator with 
high stability. The  unknown frequencypulses are passed to the 
counter circuits while the gate is open, where they are total- 
ized and the frequency automatically displayed on the in- 
strument, complete to the decimal point. Measurement ac- 
curacy is determined by the accuracy of the time base gen- 
erator and the r 1 count error inherent in the gate-and- 
count type of instrument. ( S e e  F i g w e  2.) 

QOSSlKt ATTAINABLE COUNTER ACCURACY 
I U N S H A Q I O  A R I A 1  ERROR 

t I X r  

5 2 4 C I O  
IYTERWAL 
STANOAR0 

OIEPS ICQS I C Q S  IOCQS IOOCQS I l C  I Q K C  IOOXC I Y C  IOYC 
f IllOt 

r I 0s woufncy 
F i g u r e  2. Attainable counter accuracy (unshaded area) .  

@ 524C/D with 526C plugged in. 

The  higher the degree of refinement to which frequency 
measurementsmust be made, the greater are the performance 
requirements for the time base crystal oscillator. 

In the case of @ 524 C/D counters, the internal time base 
is capable of performance ordinarily found only in oscillators 
intended for use as frequency standards. (Many @ 524C/D 
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owners are obtaining double usefulness from their instru- 
ments by their use as a house standard.) This time base has 
long-term stability better than 5 parts in 10'; per week, 
and a short-term stability of t 3 parts in 10%. 

In terms of frequency measurement, this means, for ex- 
ample, that a measurement of a 100 megacycle signal (using 
the 5 2 4 C / D  Counter with the 5 2 5 A ,  5 2 5 B  or 5 2 5 c  con- 
verter) will be accurate within k 8 cycles in the week 
following calibration, or 13 cycles in the second week, 
-t the 1 count error inherent in gate-and-count type of in- 
strument. The @ Journal, Volume 10, No. 3-4, discusses 
in detail the performance of this time base, and presents 
actual data for typical usage situations. 

Period Measurements 

#@ counters are designed to measure the period of an un- 
known frequency directly. (See Figure 3 . )  This is partic- 
ularly important for measurements at lower frequencies when 
the t_ 1 count error becomes a seriously limiting factor. 
This is graphically illustrated in Figure 2 .  

In  the period measurement mode, the unknown frequency 
is shaped and applied to the signal gate, holding it open 
for one or more periods, During that time, a standard fre- 
quency from the time base generator is applied to the counter 
circuits. The standard frequency pulses are totalized, and the 
period of the unknown signal is automatically displayed on 
the instrument in proper decimal notation. 

T E N  P E R I O D  
0 

D E C A D E  
O l V l O E R  

- - G A T E  OPENING A N 0  CLOSING SIGNAL 
I 

S I G N A L  
G A T E  - 

IOWC, IOOKC. IKC-., 
OR IOCPS 

T I M E  BASE 
G E N E R A T O R  

F U N C T I O N  S E L E C T O R  
T I M E  U N I T  
h IO PERIOD 7 

WICROSECS .)i 

Figure 3. Basic diagram of @ 524 when making 
period measurements. 

The accuracy of period measurements is largely deter- 
mined by the consistency with which triggering occurs at 
the same point on  consecutive cycles of the unknown signal 
voltage. For a signal of given frequency, this triggering ac- 
curacy will improve as the signal-to-noise ratio improves. 
For a sine wave, the total possible time error from triggering 

can be be expressed as - -, where E, is the total noise, 

including that from the counter circuitry, and E, is the signal. 
The curves of Figure 2 for @ 5 2 4 C / D  with @ 5 2 6 c  

plug-in illustrate attainable accuracy under assumed condi- 

1 E n  
7i E, 

tions of a 40 d b  signal-to-noise ratio for a sine wave and for 
measurements where the signal is a square wave. In the case 
of square waves (or other signals with very steep slopes) 
triggering error is virtually eliminated, and the factors in- 
fluencing measurement accuracy again become time base 
accuracy and the t 1 count ambiguity. 

The  curves of Figure 2 show how the @ 5 2 6 c  period 
multiplier unit for @ 5 2 4  series counters increases attainable 
accuracy by making possible 100, 1,000, or 10,000 period 
measurements. This period multiplication reduces the sig- 
nificance of the triggering error and the I+ 1 count, in direct 
proportion to the multiplication factor. 

Ti me Interval Measurements 

Time interval measurements are similar to period mea- 
surements except that the trigger points on the signal wave- 
form or waveforms are adjustable. This adjustment permits 
separate signals to be used as start and stop signals, or 
measurements to be made from one part of a wave orm to 
another part of the same waveform. Time interval measure- 
ments can be made with @ 5 2 2  and 5 2 3  series counters, or 
with @ 5 2 4  series plus a 5 2 6 B  plug-in unit. 

As in the case of period measurements, the input signals 
control the opening and closing of the gate, while the stand- 
ard frequencies are passed to the counters as time units 
(Figure 4). Thus the unknown interval is measured and 
automatically displayed in microseconds, milliseconds or 
seconds. Where trigger signal noise and rise time are not 
deteriorating factors, accuracy of this method is t the ac- 
curacy of the internal time base and t 1 count. 

permits 

,TIME I N T E R V A L  P L U G - I N  U N I T  
/ 

STOP INPUT 

START INPUT 

G A T E  O P E N I N G  S l G N A l -  .%I 1 - - C A T €  CLOSING S I G N A L  

I O H C ,  IOOKC,  I KC-., 
OR IOCPS 

T I M E  U N I T  

S I G N A L  

C O U N T E R S  

T I M E  BASE 
GENERATOR 

F U N C T I O N  SELECTOR 

Figure 4. Basic diagram of @ 524 when 
measuring time interval. 

- * -  

Phase Angle Measurements 

@ counters in the 5 2 2 ,  5 2 3  and 5 2 4  series may be used for 
phase angle measurements. Their speed and simplicity of 
operation make the counters suitable for phase measurements 
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on the production line as well as in the laboratory. Operating 
in the time interval mode, the counters measure phase dif- 
ference in units of time, based on the internal standard. 

For phase measurements at fre uencies from 396 to 404 

includes a 3,600 frequency multiplier, which allows phase 
angle readings to be displayed directly in tenths of degrees. 
The accuracy of phase angle measurements with the 526D 

at frequencies from 1 cps to 20 KC is -t 0.1 f - 360 

2 time base accuracy, where F, is the frequency of the 
phase-measured signal, Fc is the counted frequency; assum- 
ing noise 65 db below signal. 

@ 523 and 524 series counters are probably the most ac- 
curate, convenient, wide-range phase-measuring instruments 
available. 

Random Event Counting 
Random events may be totalized over any selected gate 

time or may simply be totalized by use of the manual gate 
feature on all @ counters. Provisions are made on some 
models for the use of external time bases, such as electro- 
mechanical timers, for the longer totalizing periods encoun- 
tered in nuclear work. 

cps, the 526D phase unit plug-in 4 or the 524 series counters 

(;I )" 

Ratio Measurements 
The ratio f,/f, may be measured with @ counters by using 

f ,  to open and close the signal gate, and counting f, while 
the gate is open. With proper transducers, ratio measure- 
ments may be extended to any phenomena which may be 
represented by frequencies or pulse rates within the range 
of the counter. 

Ratio measurement accuracy is determined by the same 
factors as period measurement accuracy : the consistency of 
triggering by the lower input frequency (opening and clos- 
ing the gate) and the inherent error of 1 count of the 
higher frequency. As with period measurements, the 526c 
period multiplier can be used to reduce the error by extend- 
ing the number of periods of the lower frequency over which 
the measurement is made. For each factor of ten that the 
measurement is extended, the trigger error is decreased by a 
factor of ten. 

Transfer Oscillators 

Direct frequency measurements with @ electronic counters 

may be made up to 510 MC (524 series counter with @ 
5 25 Frequency Converter unit). Hewlett-Packard Model 
540B transfer Oscillator makes it possible to extend fre- 
quency measurements to 12.4 GC(KMC) and beyond, with 
electronic counter accuracy. Figure 5 graphs the frequency 
coverage possible with the @ 524 counter, 525 series plug- 
ins, 540 transfer oscillators and accessory equipment. 

@ 540B employs a highly stable 100 to 220 MC oscil- 
lator generating harmonics to at least 12.4 GC. The instru- 
ment contains a broadband mixer system, an amplifier and 
an oscilloscope for comparison of these frequencies with 
the unknown. Recently developed untuned mixers and an 
excellent vernier tuning system make it a simple matter to 
obtain zero beat, at which time the fundamental frequency 
is measured with the 524/525B combination. A harmonic 
generator is also included which may be used to drive ex- 
ternal traveling wave amplifiers and waveguide mixers for 
extending measurements considerably above X-band. @ Ap- 
plication Notes 2 and 21 describe equipment and techniques 
for making frequency measurements to 40 GC. 

For detailed information on @ 540B, refer to pages 112, 
113. 

Digital Recorders and Other Output Devices 

Once any variable has been measured with an @ elec- 
tronic counter, output information is available in a form 
which is, or can be made, compatible with digital data hand- 
ling devices such as digital recorders, tape punches, card 
punches, magnetic tape recorders, automatic typewriters, 
computers and similar equipment. Typical digital control 
systems available in the electronics industry include auto- 
mated test systems, go/no-go systems, multiple comparator 
systems, and digital servo systems. 

@ Digital Recorders 

Hewlett-Packard builds three types of digital recorders, 
Models 560A, 561B and 562A. 

The @ 560A is an ll-digit, parallel entry recorder which 
operates on the one-line staircase code from @ decade 
counter units. I t  will print up to 11 digits at a maximum 
rate of 5 lines per second. 

c' 

524 C/D 
WITH:  

525 A 

5250 

525 C 

540 A 

540 0 

540 B 

P 932A 
W I T H  

MIXER 

540 B 
WITH EXTERNAL 

HIXLR 

lOcpr 10 MC 100 MC IGC 10% 100 Gc 

Figure 5. Frequency measuring range, @ 524C/D and accessory equipment. 
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Model 560A has a unique output feature which provides 
analog records of unusual flexibility and resolution. Data 
plots may correspond to any three successive columns being 
printed and are especially useful for close observation of 
trends. 

Since the analog output is synthesized from digital infor- 
mation, essentially error-free zero-suppression is possible. 
This provides records of extreme resolution from potentio- 
meter or galvanometer strip charts, or X-Y recorders. 

Another important characteristic of the analog output is 
an automatic range-shifting feature, which applies known 
zero-suppression or elevation as required to keep the record 
on scale. 

The @ 560A was designed specifically to record from any 
@ counter. It may also be used with other instruments, such 
as digital voltmeters or clocks, with the proper one-line stair- 
case output. 

Hewlett-Packard 561B Digital Recorder has the same 
printing capabilities as the 560A, but utilizes a 10-line code. 
Since input information may be in the form of contact 
closures or voltage changes @ 561B is appropriate for many 
uses. 

Model 562A is a transistorized digital recorder utilizing 
4-line BCD code. In addition to its use as an output device 
for @ transistor counters, it is especially suitable for appli- 
cations with various data handling systems where BCD code 
is employed. Special models may be obtained for operation 
from 10-line code. The @ 562A is similar in printing 
capabilities to the 560A and 561B. 

@ Application Note 32 describes all interconnections 
between @ digital recorders and counters, including the use 
of dual-input couplers. It also tabulates the print wheels 
carried as stock items. 

For custom systems and special applications, @ 565A 
Digital Printer is available, This printer is mechanically 
similar to the printing mechanisms in @ 560A and 561B 
Digital Recorders. For maximum adaptability with the input 
and control systems encountered, and for simplifying field 
maintenance, all connections (commutators, brushes, clutch 
solenoid, print wheel solenoids, etc.) are made through 
connectors at the rear of the 56514. 

More detailed information on @ Models 560~4, 561B, 
562A and 565A will be found on pages 114-117. 

Digital Clocks 

@ 570A and 571B Digital IClocks mount in the left-hand 
side of @ 560A and 561B Digital Recorders. These clocks 
add time of day information to other recorded data, and can 
control rates at which measurements are made. The clocks 
indicate time to 23 hours, 59 minutes, and 59 seconds in an 
in-line display, and can establish precise print rates of l/sec, 
6/min, l/min, 6/hour, or l/hour. Independent contact 
closures at the selected intervals are provided for operation 
of other external equipment. 

Electronic Frequency Meters 

Instead of counting each input pulse directly, @ 500B 
Frequency Meter responds to the rate of input pulses for 

frequency measurement applications which require an ana- 
log presentation. 

Frequency is indicated on a meter, and scale expansions of 
x3 and x10 are provided, The instrument is equipped with 
an output for driving potentiometer strip charts, X - Y  re- 
corders and galvanometer recorders requiring up to 1 milli- 
ampere. 

The 500B also provides, on any given range, a constant 
energy output pulse whose repetition frequency is deter- 
mined by the rate of input pulses. This output may be used 
for stroboscopic purposes, and is especially useful for meas- 
uring or recording the characteristics of FM deviation. 

Model 500B is described on pages 96 and 97. 

Tachometry Instruments 

@ tachometry equipment includes transducers (which con- 
vert mechanical motion into electrical pulses) and tachometer 
indicators (which measure the rate of these pulses). 

@ 508 series Tachometer Generators are low torque, 
compact units for measuring shaft speed. The pulse output 
from these generators may be used by any @ counter or fre- 
quency meter. Useful shaft speed range is 15 to 40,000 rpm. 
The four models available in the @ 508 Tachometer Gen- 
erator series are described in detail on page 98. 

Another @ transducer, Model 506A Optical Tachometer 
Pickup, uses a light source and phototube receiver to gen- 
erate electrical pulses corresponding to shaft rotation rate. 
This optical method does not load the machinery under test. 
It can be used over a wide range of speeds from 180 to 
300,000 rpm. Even this range may be extended by relatively 
simple techniques. 

Detailed data on the @ 506A may be found on page 98. 
Tachometer indicators measure transducer-produced elec- 

trical pulses, and display this information in units of shaft 
speed. Tachometer system accuracy depends largely upon 
these indicators. 

Hewlett-Packard indicators include frequency meters and 
electronic counters. The frequency meters respond to the 
rate of input pulses; the counters directly count each input 
pulse. Frequency meters have the necessary accuracy for m a g  
industrial applications. @ electronic counters are capable of 
a much higher degree of precision, and are suitable for the 
most exacting design applications. Any @ electronic counter 
will operate with all @ tachometer transducers for speed 
measurement. 

@ 500c Electronic Tachometers are similar to @ 500B 
Frequency Meters described above, except that calibration is 
in rpm instead of cps. A detailed description of Model 500c  
appears on pages 96 and 97. 

Digital Delay Generators 

@ 218A Digital Delay Generator is a unique instrument 
providing two independent delays adjustable from 1 micro- 
second t a  18,000 microseconds in steps of 1 microsecond. 
Model 218A and associated plug-in units provide an ex- 
tremely versatile system for generating or measuring time 
intervals with very high accuracy. Details of Model 218A 
and related plug-ins appear on pages 52  and 53. 
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@ SOOB/C ELECTRONIC FREQUENCV METER 

Measures Frequency of ac Voltages as High as 100 KC 

Advantages: 

Wide frequency range 
I . -  

Accurate 

Good sensitivity 

Accuracy independent of line voltage 
changes and tube characteristics 

Nine convenient scale ranges 

Expanded scale feature 

Output pulse provision 

Use It To Measure: 

Beat frequency between two rf signals 

Crystal frequency deviation 

Audio frequencies 

Speed of rotating machinery 

Oscillator stability 

Frequency modulation 

The @ Model 500B directly measures the frequency of 
an alternating voltage from 3 cps to 100 KC. It is suitable 
for laboratory and production measurements of audio and 
supersonic frequencies, or for direct tachometry measure- 
ments with a transducer such as @ 506A or 508A/B/C/D. 
Use of @ 508A (which produces 60 pulses per revolution) 
converts the 500B’s scale calibration from cps to rpm. Or, 
for still greater convenience in tachometry work this instru- 
ment is available as @ 500c with scale calibration in rpm. 
(See opposite page, aizd page 98 . )  

The frequency meter consists of a wide band amplifier, a 
Schmitt trigger, a constant current source, a current switch- 
ing tube, a phantastron and an output meter. The Schmitt 
trigger is used to trigger the current switching tube in ac- 
cordance with the rate of input pulses. A phantastron con- 
trols the “on” time of the switching tube during which time 
the plate current is directed to the output meter. The circuit 
is designed so that each pulse of charging current has the 
same energy making the meter reading proportional to the 
number of pulses per second, and hence proportional to the 
frequency of the input signal. 
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Independent of Signal Voltage Waveform 

Readings are not affected by variations of input signal 
level or power line voltage. The frequency meter will count 
sine waves, square waves or pulses and will indicate the aver- 
age frequency of random events. Provision is made for 
checking the calibration against power line frequency and to 
operate a recorder for a continuous frequency record or X-Y 
plot. 

Expanded Scale Feature 

Any 10% or 30% portion of a selected range may be 
expanded to full meter scale. 

In practice, this means that for repetitive or differential 
type measurements the meter can be set for expanded scale 
readings and left in this position to better observe small 
fluctuations in readings. The expanded scale permits accurate 
measurement of small frequency changes. 

Pulse Output 

A pulse output synchronous with each input pulse is 
made available on the front panel. This output provides 
uniform pulses which can be used to measure the FM com- 
ponent of the input signal or to sync a stroboscope or an 
oscilloscope. 

The output pulse could be used, for example, in conjunc- 
tion with a stroboscope for observation of the various parts 
of a gear train when checking for the presence of vibration 
or torsion. 

Output Linearity: (Relation of input frequency to output 
current at the external meter jack.) On 100 KC range: 
within approximately -+1/4% of full-scale value, On all 
other ranges: within approximately 1/10% of full- 
scale value. 

Self-check: Allows calibration of internal constant current 
source and check against 60 cps line frequency. 

Recorder Output: 1 ma for full scale deflection into 1400 
& 100ohms. 

Pulse Output: To trigger stroboscope, etc., in synchronism 
with input signal; to measure FM. 

Photocell Input: Phone jack on panel provides bias for 
Type 1P41 Phototube. Allows direct connection of @ 
506A Optical Tachometer. 

Power: 115/230 v t lo%, 50/1,000 cps, 110 watts. 

Dimensions: Cabinet Mount: 71/2tj wide, 11Y2” high, 14Y4” 
deep. Rack Mount: 19” wide, 7/’ high, 12%” deep. 

Weight: Net 17 Ibs. Shipping 22  Ibs. (cabinet mount). 
Net 20 Ibs. Shipping 32 lbs. (rack mount). 

Accessories Available: @ 506A Optical Tachometer Pick- 
up, $150.00. @ 508A/B/C/D Tachometer Generators, 
$125.00 each. @ AC-zA/B Dual Rack Panel (page 194). 

Price: @ 500B, $300.00 (cabinet) ; @ 500BR, $305.00 
(rack mount). 

yPHOTOTUBE 

Specifications @ 5008 
Frequency Range: 3 cps to 100 KC; nine ranges in a 10, 

30, 100 sequence. 

Expanded Scale: Allows any 10% or 30% portion of a 
selected range to be expanded to full meter scale, 

Input Voltage: Sensitivity: 0.2 volts rms minimum for sine 
waves, 1.0 volt peak minimum for pulses. 

Maximum: 250 v peak. Sensitivity control reduces thres- 
hold sensitivity. 

Input Impedance: Approximately 1 megohm shunted by 
40 pf. BNC connector for input. 

Accuracy: Unexpanded Scale, better than t 2 %  full scale 
value of range selector setting. Line voltage variations of 
nominal i: 10% affect reading less than +- ?I2%. 

Expanded x3 Scale, (differential measurements of 30% 
or less), better than i: of range switch setting. 
Line voltage variations of 10% affect reading less than 
f%%. 
Expanded x10 Scale, (differential measurements of 10% 
or less), better than i: 3/4 % of range switch setting. Line 
voltage variations of t 10% affect reading less than 
+‘/4%. 

-hp - 500C I ELECTRONIC 1 
TACHOMETER 

INDICATOR 1 

Figure I .  Tachometry measurements ’tlith @ 500c and 506A. 
4 

@$ 500C Electronic Tachometer 
Indicator 

Model 500c Electronic Tachometer Indicator is identical 
in construction and circuitry to @ 500B, but is calibrated in 
rpm for greater convenience in tachometry applications. 

Specifications @ 500C 
Circuit and Construction same as @ 500B except for 

meter calibration. 

Speed Range: 180 rpm (15  rpm with multiplying trans- 

Price: @‘jOOc, $300.00 (cabinet); @ 500CR, $305.00 

Data subject to change without notice. 

ducer) to 6,000,000 rpm in nine ranges. 

(rack mount) . 
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@ 5 0 6 A ,  508A/B /C /D  TRANSDUCERS 

@ 508 Tachometer Generators 
Models 508A/B/C/D Tachometer Generators are rota- 

tional speed transducers for use with electronic counters or 
frequency meters in making fast, accurate rpm measure- 
ments from 1 5  to 40,000 rpm. They are specifically designed 
to operate with @ electronic counters and frequency meters. 

The 508A Tachometer Generator produces 60 output 
pulses per shaft revolution. Thus when it is connected to 
an indicating instrument calibrated in cps, speeds are auto- 
matically recorded in rpm. The relationship between output 
voltage and shaft speed is virtually linear up to 5,000 rpm, 
making practical oscilloscope presentation of shaft speed as a 
function of time for analyzing clutches, brakes or accelera- 
tion rates. 

@ 508B, C, and D are identical to @ 508A except that 
they produce 100, 120, and 360 pulses, respectively, per 
shaft revolution and their output voltages peak at succes- 
sively slower shaft speeds. 

Specifications 

Shaft Speed Range: 508~4, 40 to 40,000 rpm; 508B, 30 to 30,000 

Output Frequency: 508A, 60 cycles/rev.; 508B, 100 cycles/rev.; 

Output Voltage: Greater than 0.2 v rms over shaft speed range. 
Drive Shaft: 1/4" diameter; projects 19/32". 
Running Torque: Approximately 0.15 in.-oz.; '/z in.-oz at 1,500 rpm. 
Peak Starting Torque:.Approximately 4 in.-oz. 
Dimensions: 2 - 7/16" high x 3%" wide x 374'' deep. 
Price: @ 508A/B/C/D, $125.00 each. 

rpm; 508C, 40 to 25,000 rpm; 508D, 50 to 5,000 rpm. 

508c, 120 cycles/rev.; 508D, 360 cycles/rev. 

@ 5 0 6 A  Optical Tachometer Pickup 
Model 506A is a light source and photocell for use as a 

transducer with instruments such as @ 521 series Electronic 
Counters, @ 500B Electronic Frequency Meter and @ 500c 
Electronic Tachometer Indicator. The instrument will meas- 
ure very high speeds-up to 300,000 rpm-and will meas- 
ure speed of moving parts which have small energy or can- 
not be connected mechanically to measuring devices. 

Operation of the transducer is extremely simple. The part 
to be measured is prepared with alternate reflecting and ab- 
sorptive surfaces. Light from the light source is interrupted 
by rotation of the part; the interrupted reflected light is 
picked up by the phototube and converted into electrical 
impulses. 

Spec if i cat i o n s 
Range for Direct Reading: 

with @ 521 Series, 1 to 5,000 rps. 
with @ 500B, 3 to 5,000 rps. 
with @ 500C, 180 to 300,000 rpm. 
Lower speed may be measured by using a multisegment reflector. 

Output Voltage: At least 1 v rms, 300 to 100,000 rpm (into 1 meg; 
ohm or more impedance) with reflecting and absorbing surfaces 
?/4" square. 

Light Source: 21 candlepower, 6 volt automotive bulb. 
Phototube: Type 1P41. 
Phototube Bias: +70 to $90 volts dc (supplied by @ 500B/C, 

Accessories Available: @ 56A-16B Adapter Cable (connects @ YOGA 

Price: @ 506~4, $150.00. 

521).  

to @ 522B Counter), $40.00. 

Data subject to change without zotice. 
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@ 521 SERIES INDUSTRIAL COUNTERS 

Low Cost, Flexible, Easy-To-Use; 1 cps to 1.2 MC! 

The Hewlett-Packard 52 1 Series Electronic Counters are 
rugged, versatile instruments for production, processing and 
laboratory applications. Digital Recorder Operation 

@ 521 Series Counters measure frequency and speed, and 
count events occurring at random within a selected period 
Of time. With proper transducers converting mechanical into 
electrical phenomena, the instruments measure weight, pres- 

sure, temperature and other quantities which can be related 
to frequency. 

Versatile 521 Series Counters may be adapted easily to 
operation of @ 56OA or 561B Digital Recorders (see pdges 
114, 1 1 5 )  with the installation of a kit. f i i s  kit can be in- 
stalled by the @ factory before shipment (slight extra 
charge), or can be purchased for field installation later. 

Maximum Frequency 

Gate Time 

FOR ALL MODELS 
Accuracy: count * time base accuracy (approx. * O . l %  with 

line frequency, * O , O l %  with Crystal Time Base). 
Input Requirements: 0.2 v rms minimum or output from 1P41 

Phototube (or equal). Phototube bias provided at “PHOTO- 
TUBE” jack. $5 v rms required at frequencies above 120 KC with 
220 KC option. Attenuator reduces sensitivity to 100 v rms to 
overcome noise. 

Input Impedance: Approximately 1 megohm, 50 pf shunt (500,000 
ohms on “PHOTOTUBE” jack). 

Manual Gate: Controlled by “Count” switch or external contacts. 
Display Time: Variable from gate time to approximately 15  seconds; 

or display can be held indefinitely. 
Reset to Zero: Automatic or manual. 

Reads In: Directly in cps or rps or in rps or rpm with @ 506A or 
508A Tachometer Accessories. 

Self Check: Counts 50/60 cps line frequency for any selected gate 
time. 10 KC with Crystal Time Base. 

External Standard: Can be operated from any multiple of 10 cps, 
10 cps to 100 cps. 

Size: Rack Mount: 19” wide, 8%” high, 141/” deep behind panel. 
Weight: Cabinet Mount: Net 28 Ibs. Shipping 41 Ibs. Rack Mount: 

Net 28 Ibs. Shipping 35 Ibs. 
Accessories Provided: @ AC-16D Cable Assembly, 44“ RG-58/U 

cable terminated one end with UG-88/U Type BNC connector. 
Accessories Available: @ Model 506A Optical Tachometer Pickup. 

$150.00. @ Model 508 Series Tachometer Generators, $125.00 
each. 

Data subject to  change without notice. Prices f.0.b. factory 
U‘ 
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@ 5228 ELECTRONIC COUNTER 

Versatile, Low Cost Precision Counter Covers 1 0  cps to 120 KC 

Advantages: 

Measures frequency, period, or time 
High stability 
High quality, low cost 
Easily used by anyone 
Direct, automatic readings 

Use To Measure: 

Frequency: 
Production quantities 
Nuclear counting 
Power line frequencies 
Rps and rpm 
Very low frequencies 
Oscillator stability 
Repetition rates 
Weight, pressure, temperature and 

acceleration- remotely 

Time Interval, Period: 
Elapsed time between impulses 
Pulse lengths 
Shutter speeds 
Projectile velocity 
Relay operating times 

This all-purpose Hewlett-Packard counter is used in an 
ever-increasing variety of manufacturing and research meas- 
urements. 

The 522B counter offers the convenience of frequency, 
period mid time interval measurement over a broad fre- 
quency range. Results are displayed automatically in direct 
reading form-either in cps, KC, seconds or miIIiseconds. 
Unskilled personnel can use the equipment immediately - 
no training or technical background is necessary. 

Specifications 
Frequency Measurement: 

Range: 10 cps to 120  KC. (220 KC at slight extra 
charge). 

Accuracy: -t 1 count & time base accuracy. 
Stabilify: 10 parts per million per week or better. May 

be standardized against WWV. 
Registration: 5 places. Output pulse available to actuate 

trigger circuit for mechanical register to provide in- 
creased count capacity. 

Input Requirements: 0.2 volt rms minimum. Input is 
direct-coupled. 

Input Impedance: Approx. 1 megohm, 50 pf shunt. 
Gate Time: 0.001, 0.01, 0.1, 1, 10 seconds. May be ex- 

tended to any multiple of one or ten seconds by manual 
control. 



Display Time: Variable from 0.1 to 10 seconds in steps 

Reads In: cps or KC with the decimal point indicated. 
of gate time selected or until manually reset. 

Period Measurement: 
Range: 0.00001 cps to 10 KC. Output pulse available to 

actuate trigger circuit for mechanical register to extend 
range to lower frequency. 

Accuracy: & 1 count f 0.3% time base accuracy for 
measurement of one period. Accuracy for more than 
one period is count S 0 . 3 %  divided by number of 
periods t time base accuracy. 

Registration: Same as Frequency Measurement. 
Inpu t  Requirements: 0.2 volt rms minimum. Direct- 

Input Impedance: Approx. 1 megohm, 50 pf shunt. 
Gate Time: One or ten cycles of unknown frequency. 

May be extended to any number of cycles of unknown 
frequency by manual control. This is limited to fre- 
quencies lower than 50 or 60 cps. 

Std. Freq. Counted: 1, 10, 100 cps; 1, 10, 100 KC; 
external, 

Display Time: Variable from 0.1 to 10 seconds in steps 
of period being measured or until manually reset. 

Reads In: Seconds or msec with decimal point indicated. 

coupled input. 

Time Interval Measurement: 
Range: 10 p e c  to 100,000 seconds (27.8 hrs.) .  
Accuracy: l/std. freq. counted t time base accuracy. 
Registration: Same as for Frequency Measurement. 
Input Requirements: 1 v peak min. Direct-coupled input. 
Input Impedance: Approx. 250,000 ohms, 50 pf shunt. 
Start and Stop: Independent or common channels. 
Trigger Slope: Pos. or neg. on start and/or stop channels. 
Trigger Amplitude: Continuously adjustable on both 

Std. Freq. Counted: 1, 10, 100 cps; 1, 10, 100 KC; 

Display Time: Same as for Period Measurement. 
Reads In: Seconds or msec with decimal point indicated. 

channels from - 100 to + 100 volts. 

external. 

General: 
Features: (a) Operates with @ 508 Series Tachometer 

Generators; @ 506A Optical Tachometer Pickup. 
(b)  Operates with @ 520A Decade Scaler for high 

speed nuclear scaling. (See alongside.) 
(c) Measures frequency ratios. 
( d )  Makes time interval measurements with exter- 

(e) Operates as electronic stop watch with manual start, 

( f )Totalizes events to 99,999. 
(g) Operates as a secondary frequency standard pro- 

viding precise rectangular output voltages at 1, 
10, 100 cps; 1 and 10 KC and a 100 KC sine 
wave. Amplitude, approximately 1 volt peak. 

nally applied standard frequency. 

stop and reset. 

Power: 115/230 v I+ l o % ,  50/60 cps, 260 watts. 
Dimensions: Cabinet Mount: 203/“ wide, 12%” high, 

14%’’ deep. Rack Mount: 19” wide, lol/,lf high, 
1378” deep behind panel. Can be used with @ AC-17 
End Frames. 

Weight: Net 50 Ibs. Shipping 61 Ibs. (cabinet mount). 
Net 43 Ibs. Shipping 58 Ibs. (rack mount). 

Accessories Furnished: 2 AC-16D Cable Assemblies. 
Price: @ 522B, $915.00 (cabinet); @ 522BR $900.00 

For 220 KC operation, add $35.00. For use with @ 
(rack mount), 

560A Digital Recorder ( @  522B-95A installed), add 
$45.00. For BCD (1-2-2-4) output (compatible with 
Dymec instruments) add $180.00, prefix Model Num- 
ber with H6O when ordering. 

@ 5 2 0 A  HIGH SPEED 
DECADE SCALER 

Model 520A makes possible quantitative measurement of 
extremely fast circuit pulses or nuclear parameters. The in- 
strument is an aperiodic counter which operates at input rates 
of 10 MC and will resolve two sharp pulses spaced only 0.1 
psec apart. 

The resolution capacity of the High Speed Decade Scaler 
makes it especially suitable for operation with scintillation 
counters. Since it provides an output pulse for every one 
hundred input pulses, its output may be connected to a con- 
ventional 100 KC counter to record large numbers of occur- 
rences. This feature makes the @ 520A useful for measure- 
ment of frequencies up to 10 MC in applications where the 
accuracy of the last two places is unimportant. 

Specifications 
Required Input Polarity: Positive pulses only. 
Amplitude: 5 volts minimum. 30 volts maximum. 10 volts 

Required Rate of Rise: 10 volts per p e c ,  minimum. 
Input Impedance: 5,000 ohms. UHF connector. 
Resolving Time: Two pulses, 5 to 30 volts peak: 0.1 p e c .  

Three pulses, 5 to 30 volts peak: 0.2 psec 1st to 3rd pulse. 
Maximum continuous uniform rate: 10’ counts/sec. N o  
lower limit on counting rate. 

Counting Capacity: 100 counts in two decades, count i n s -  
cated by two meters (0-90 and 0-9). Pushbutton resets 
both meters to zero. 

Output: Positive or negative triangular pulse, approximately 
35 volts amplitude and approximately 5 p e c  wide at base, 
Rise time approximately 1 psec. U H F  connector. 

minimum for maximum counting rate. 

*‘ 

Output Impedance: Operates into 5,000 ohms or more. 
Power: 115 v t lo%,  50/60 cps, 205 watts. 
Dimensions: Cabinet Mount: 20%)‘ wide, 123/441f high, 

14%” deep. Rack: 19” wide, lo?,’”‘’ high, 13%” deep be- 
hind panel. 

Weight: Net 49 Ibs. Shipping 60 Ibs. (cabinet mount). 
Net 41 Ibs. Shipping 56 Ibs. (rack mount). 

Accessories Available: 125-UG273/U uhf-BNC Adapters, 
$2.50. AC-16K Video Cable Assembly, $6.50; AC-16D 
Video G M e  Assembly, $3.50. 

Price: @ 520A, $700.00 (cabinet); @ 520AR, $685.00 
(rack mount). 

Data subject to change without fzotice. 
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@ 523C/D ELECTRONIC COUNTERS 

Measures Period, Time or Frequency 1 0  cps to 1.2 MC! 

Advantages: 

Use 

- 
Direct frequency, period or time interval readings 
Highest quality, broad applicability, yet moderate cost 
Basic accuracy t 1 count; stability 2 ppm per week 
Color-coded panel simplifies use by non-technical 

Pulse output for Z-axis oscilloscope modulation 

To Measure: 
Totalizing: 

personnel 

Production quantities 
Nuclear scaling 
Frequency 
Rps and rpm 
Oscillator stability 
Repetition rates 
Weight, pressure and temperature 

Time Interval, Period: 
Phase delay, phase angle 
Time between impulses 
Pulse length, shutter speeds 
Projectile velocity 
Relay operating times 
Precise event timing 
Interval stability 
Frequency. ratios 
Very low frequencies 
Power line frequencies 

Model 5 2 3 c  is a broadly useful and popular electronic 
counter that measures frequency, period, time interval, phase 
delay, random events and ratios. It also totalizes electrical 
events, periodic or random. 

Operation of the @ 5 2 3 c  is simple, fast and accurate. 
Measurements are made automatically and readings are dis- 
played in direct numerical form with automatic decimal 
point. Controls are logically arranged and are color-coded 
for simple operation even by non-technical personnel. 

Frequency Measurements 
Typical frequency measurements with the 5 2 3 c  include 

oscillator and signal generator calibration and stability 
checks, measurement of telemeter and carrier frequencies, 
pulse repetition frequencies, test frequencies for narrow 
bandwidth circuits and rates of random pulses. 

Period, Time Interval 
Accuracy and resolution of the 5 2 3 c  make possible pre- 

cise period measurements of power line voltages, test signals 
used in low frequency work and subsonic signals in general. 
Time for one cycle may be measured, or average time per 
cycle for 10 periods may be obtained. Time may be measured 
in terms of internal or external standard frequencies. 

Model 5 2 3 c  is ideally suited to such time interval meas- 
urements as pulse length, pulse spacing, ballistic measure- 
ments, shutter speeds and relay operating times. Time in- 
terval between any two events (represented by electrical 

@ 523C 
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pulses), from 1 psec to loF  seconds are measured and indi- 
cated directly in p e c ,  milliseconds, or seconds. For normal- 
ized or measurements in other than time units, external fre- 
quencies may be counted. Separate start and stop channels 
are provided and each channel has trigger level and slope 
controls. 

Pulses, generated whenever trigger level and slope condi- 
tions are met, may be used for intensity modulating an oscil- 
loscope to identify the time interval measurement or for 
triggering auxiliary equipment, 

Phase Measurements 
Sensitivity and stability of the discriminator circuits make 

possible phase delay measurement with greatly improved ac- 
curacy. Accuracy of zero level determination makes the 523c 
ideal for phase measurements. 

Phase delay is measured directly in psec, milliseconds or 
seconds. Phase angle may be measured in degrees or 1/10 
degrees by counting an external frequency (360 f ,  or 3,600 
f,) instead of the internal standard. 

Measuring Other Quantities 
@ optical and magnetic type speed transducers used with 

the 523c make possible highly accurate automatic speed 
measurements of jet engines, superchargers, centrifuges, etc. 

The 0.7 p e c  resolving time of the 523c is well suited 
to nuclear measurements; i. e., totalizing or random rates. 

Ratio measurements may involve any phenomena which 
can be represented by electrical impulses in the proper fre- 
quency range. The measurement of ratio provides increased 
accuracy in many measurements and is especially useful in 
certain control applications. 

Transducers, available from various manufacturers, per- 
mit measurement of speed, acceleration, displacement, force, 
pressure, temperature, flow, and other physical variables. 

The 523c  can be furnished with internal circuitry and 
output jack for operating the @ Digital Recorders. Eleven 
columns of data can be printed by the Digital Recorders at 
rates up to five lines per second. Since only six columns are 
required for recording from the 523c, information from 
other counters, digital voltmeters or digital clocks may be 
recorded in the remaining columns. 

@ 523D Electronic Counter 

@ 523D Electronic Counter is identical to @ 523c except 
that registration is by 6 neon indicators. 

Specifications @I 523C/D 
General: 

Registration: 523c, six in-line digital display tubes; 523D, 
six decimal places each indicated by lighted numbers. 

Stability: 2/1,000,000 per week. 

Display Time: Variable from approximately 0.1 to 10 
seconds; display can be held indefinitely if desired. 

Self Check: Automatic count of internal 100 KC and 1 MC. 

Frequency Measurement: 
Range: 10 cps to 1.2 MC. 
Accuracy: + 1 count + time base accuracy. 
Input Sensitivity: 0.1 volt rms; adjustable; 150 volts rms 

Input Trigger Level: -300 volts to +300 volts, adjust- 

Input Impedance: Approx. 1 megohm, 50 pf shunt. 
G a t e  Time: 0.001, 0.01, 0.1, 1, 10 seconds. 
Reads In: Kilocycles; automatic decimal point. 

maximum input. 

able, either positive or negative slope. 

Period Measurement: 
Range: 0.00001 cps to 100 KC. 
Accuracy: +0.3% k 1 count t time base accuracy (one 

period). +0.03% count -+ time base accuracy (10 
period average) at 0.1 volt rms. Accuracy increases with 
input voltage. 

Input Requirements: 0.1 v rms minimum; direct coupled. 
Input Impedance: Approx. 1 megohm 50 pf shunt. 
Measurement Period: 1 or 10 cycles of unknown. 
Standard Frequency Counted: 1 cps, 10 cps, 100 CPS, 1 

KC, 10 KC, 100 KC, 1 MC, external frequency. 
Reads In: Seconds, msec, psec, automatic decimal. 

Range: 1 microsecond to lo6  seconds. 
Accuracy: k 1 count + time base accuracy. 
Input Impedance: Approx. 1 megohm, 50 pf shunt. 
Input Requirements: 0.1 v rms min. DC or ac coupling. 
Start and Stop Inputs: Separate or common input. 
Start and Stop Marker Outputs: Approx. 5 psec duration 

and +20 v peak, for oscilloscope intensity modulation. 
Trigger Level: Both channels, 0 to 2 300 volts, either 

slope. 
Standard Frequency Counted: 1, 10, 100 cps, 1 ,10 ,100  

KC, 1 MC; external. 
Reads In: Seconds, msec, psec, automatic decimal point. 

Range: 1 cps to 20 KC, dc coupled; 50 cps to 20 KC, ac 

Input Voltage: 5 to 10 v rms, pure sinusoidal signal. 
Accuracy: +0.1” t ( ___ ’ 6 ~ c f p ) 0  (see pages 92-95) 
Other Data Measurement: Displays f,/f,, or lOf,/f,, as - 

an integer, with accuracy of + 1. 
f , ;  10 cps to 1.2 MC. f,: 0.00001 cps to 100 KC 

Totalize: Electrical events, periodic or random, to 999,999 
at rates to 1.2 million/sec. 

Output Frequencies: 1 cps, I O  cps, 100 cps, 1 KC, 10 
KC rectangular, 100 KC and 1 MC sine wave. Stability 
2/106 per week. 

Time Interval Measurement: 

Phase Meas u re men t : 

coupled. 

u‘ 

External Standard: 100 KC can be applied. 
Power: 115/230 v + l o%,  50/60 cps, approx. 350 watts. 
Size: Cabinet: 19” wide, 11l/r” high, 18S/‘’ deep. Rack 

Mount: 19” wide, 83/” high, 16” deep behind panel. 
Weight: 48 lbs. Shipping weight approx. 85 lbs. 
Accessories Furnished: 2 @ AC-16K Cable Assemblies. 

Price: @ 523c, $1,575.00 (cabinet), 523CR, $1,550.00 
(rack mount). @ 523D, $1,310.00 (cabinet), 524DR, 
$1,285.00 (rack mount), For BCD (1-2-2-4) output 

add $13‘530, prefix Model No. with H6O. For @ 561B 
(523C/CR only) or 560A Digital Recorder output add 
$45.00. 

Data subject to change without notice. 
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@ 524C/D ELECTRONIC COUNTERS 

Measures Frequency to  12.4 GC (KMC)*-Time Base Stability 5/108/ Week 

Advantages: 

Direct, instantaneous automatic readings 
Easily used by non-technical personnel 
Bright, big-numbered readout 
Resolution 0.1 microseconds 
Stability 5/100,000,000/week 
Standardize with WWV 
Available for printer operation 
High sensitivity, high impedance 
Extreme reliability 
No calculation or interpolation 
Automatic decimal point 
Highest quality construction 
Military design 

Use For: 

Frequency measurements 10 cps to 12.4 GC (KMC) * 
Time interval measurements 1 p e c  to 100 days 
Period measurements 0 cps to 100 KC 
Phase angle measurements to 20 KC 
Standard frequency output of 10 cps, 1 KC 

Time and frequency ratios 
High resolution tachometry ballistics measurements 

100 KC, 10 MC 

Here is the electronic counter that provides extremely ver- 
satile frequency, time interval or period measuring coverage. 
You buy the basic @ 524C/D Counter with selected @ 5 2 5  
or 526 series Plug-In Units covering your exact present 
requirements; later you can add other inexpensive plug-ins to 
increase the usefulness of the instrument. Still wider useful- 
ness may be obtained by using the 524C/D in conjunction 
with @ 540B Transfer Oscillator for frequency measure- 
ments to 12.4 GC, and above (see page 112) and @ digital 
recorders for a permanent, printed record of measurements. 

Great Versatility 
The moderately priced 524C/D gives you more range, 

simplicity, usefulness and reliability than any grozrp of in- 
struments with comparable range ever offered. With this 
one all-purpose equipment, you measure transmitter and 
crystal oscillator frequencies, electrical, electronic and me- 
chanical time intervals, phase angles, pulse lengths and 
repetition rates or frequency drift. You make high accuracy 
ballistics time measurements or high resolution tachometry 
measurements. The instrument also serves as a house fre- 
quency standard for many users, with a long-term stability 
of 5 parts in 108 per week. It is simple to operate and readily 
used by non-technical personnel. 

Basic Counter Details 
In the basic 524c  Counter (without Plug-In Units) fre- 

quency from 10 cps to 10.1 MC is read over 5 selected gate 

*With @ 540B Transfer Oscillator. 



times - 0.001, 0.01, 0.1, 1 and 10 seconds. Display time is 
variable, counts are automatically reset, and action is repeti- 
tive. Low frequencies (below approximately 300 cps) are 
more accurately measured by determining the period of one 
or ten cycles. Here the unknown frequency operates the gate 
and the internal standard frequency is applied to the counter. 
Thus the duration of a low frequency cycle is measured in 
time units. A 10-cycle sample may also be taken to improve 
accuracy. The result is determined automatically and pre- 
sented in direct reading form with automatic illuminated 
decimal point. 

#@ 5 2 4 D  Electronic Counter 

Model 524D is identical electrically with the @ 524C, 
but has 8-decade numerical 
readout using the widely ac- 
cepted @ neon indicators in- 
stead of inline readout. Model 
524D offers the same time-sav- 
ing convenience of direct instan- 
taneous, automatic readings 
without calculation or interpo- 
lation, but is priced slightly 
lower than the Model 524C. 

Counter Plug-In Units 

Addition of $$ 5 2 5  and 526 series Plug-In Units will 
extend any $$ 524 Counter's frequency range to 510 MC, 
provide increased sensitivity, and make available uniquely 
flexible time interval and Dhase anele measurements. " 

@ 525A Frequency Converter. This instrument extends 
the Counter's 10 MC direct-reading range in decade steps 

through 100 MC It main- 
t a i n s  c o u n t e r  accuracy 
throughout the extended 
r a n g e .  I t  p rov ides  a d -  
ditional amplification to in- 
crease sensitivity. A tuned 
input circuit simplifies de- 
termining the correct fre- 
quency range and rejects 

harmonics and spurious signals. 

@ 5258 Frequency Converter. Similar to 525A, thl: 
unit extends the counter's range from 100 MC to 220 MC 
in 10 MC steps, at the same time preserving the high ac- 

curacy of the basic counter. 
It maintains the same high 
sensitivity 0.2 volt mini- 
mum input throughout its 
range, and includes a wave- 
meter for determining the 
proper frequency decade 
range. 

8 525C Frequency Converter. Counter accuracy IS 
extended over the wide 
range of 100 MC to 510 
MC with this new hetero- 
dyne converter. Sensitivity 
is 100 niv over its range; 
it may also be used to in- 
crease counter sensitivity to 
20 mv from 50 KC to 
10.1 MC. 

@ 526A Video Amplifier. This equipment increases the 
counter's 10 cps-to-10 MC sensitivity to 10 millivolts for 

frequency measurement at 
low power levels. A special 
probe assembly simplifies 
remote pickup at high im- 
pedance levels. An oscillo- 
scope ,output terminal al- 
lows visual monitoring of 
the input waveform. 

@ 526B Time Interval Unit. This instrument measures 
intervals from 1.0 psec to 100 days with maximum accuracy 
of 0.1 p e c  t time base accuracy. Intervals are read direct in 
seconds, milliseconds or microseconds. Start and stop trigger- 

ing is performed in either 
common or separate chan- 
nels, and may be accom- 
plished through the use of 
positive or negative going 
waves. Trigger voltage 
levels are continuously ad- 
justable from - 192 to + 
192 volts. 

@ 526C Period Multi- 
p l i e r .  T h i s  u n i t  a l l ows  
average measurements of 
100, 1,000, and 10,000 
periods. This insures great- 
er accuracy for midrange 
frequency measurements. 

8 5261) Phase Unit. Designed for precise phase angle 
measurements, the new @ 526D covers the range from 1 

cps to 20 KC, reading in 
time units with resolution 
to 0.1 pec .  For measure- 
ments from 396-404 cps, 
this unit is designed to give 
phase angle readings di- 
rectly in tenths of degrees. 

Digital Recorder Operation 

At nominal additional charge, Model 524C or 524D 
Electronic Counters can be modifiyl to provide the follow- 
ing output signals: 

1. A single-line staircase output for operation of the $ 
560A Digital Recorder. 

2. A 10-line code decimal output for operation of the 
@ 561B Digital Recorder. (524C only.) 

3. A 4-line (1-2-2-4) binary coded decimal output for 
connection to data processing equipment. 

Models 561B and 560A (pages 114, 113 )  are 11-column 
recorders which are slaves to the counter and print the 
counter reading at rates up to 5 per second. 

Specifications 
@ 524C/D Electronic Counter 

Basic Unit, for Frequency Measurements, 0 cps to 10.1 MC 

Frequency Measurement: (without plug-in units). 
Range: 10 cps to 10.1 MC. 
G a t e  Time: 0.001, 0.01, 0.1, 1, 10 seconds or manual control. 
Accuracy: * 1 count * time base accuracy (see Page 92) .  
Reads In: Kilocycles; decimal point automatically positioned. 
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Period Measurement: (without plug-in units). 
Range: 0 cps to 100 KC. 
G a t e  Time: 1 or 10 cycles of unknown. 
Accuracy: * 0.3% (measurement one period) .* 

f 0.03% (ten-period average) .* 
Standard Frequency Counted: 10 cps; 1 or 100 KC; 10 MC, or 

Reads In: Seconds, milliseconds or microseconds; decimal point 
externally applied frequency. 

automatically positioned. 
General: 

Registration: 524C, 8 digital display tubes; 524D, 8 numbered 
columns; 99,999,999 maximum display. 

Stability: 3/10' short term; 5/10' per week. May be standardized 
against broadcast standards or used with external 100 KC or 
1 MC primary standard. 

Display Time: Variable 0.1 to 10 seconds in steps of gate time 
selected. Display can be held indefinitely. 

Output Frequencies: Secondary standard frequencies available at 
front panel: 10 cps, 1 KC rectangular; 100 KC positive pulse; 
10 MC sine wave. (Stability as above.) 

Self Check: Panel control provides automatic count of internal 
standard 100 KC and 10 MC frequencies to assure proper oper- 
ation of counter. 

Input Voltage: 1 v rms minimum 1.5 v peak. Rise time 0.2 sec max. 
Input Impedance: Approx. 1 megohm, 40 pf shunt. 
External Standard: 100 KC or 1 MC signal from external primary 

standard can be applied to unit for highest accuracy. 2 volts rms 
required. Input impedance, nominal: 470K, 40 pf shunt capacitance. 

Power: 115/230 v f lo%, 501'60 cps, 600 watts. 
Dimensions: Cabinet Mount: 20" wide, 21%" high, 23%" deep. 

Rack Mount: 19" wide, 19%'' high, 17" deep. 
Weight: Net 118 Ibs. Shipping 161 Ibs. (cabinet mount). Net110 

Ibs. Shipping 161 Ibs. (rack mount). 
Accessories Furnished: 1 AC-16K Cable Assembly. 
Accessories Available: 524B-16P ($30.00) and 524B-16Q ($20,00), 

Test Cable Sets for @ 525/526 units. 
Price: @ 524C, $2,400.00. @ 524D, $2,150.00. Modified to operate 

@ 560.4, add $75.00. Modified to provide BCD output (1-2-2-4) 
add $235.00. Modified to operate @ 561B ( @  524C only), add 
$150.00. Rack mount models available. 

@ 5 2 5 A  Frequency Converter Unit 
for Frequency Measurement, IO cps to 100 MC. 

Plugged into @ 524: 

Range: As amplifier for counter, 10 cps to 10.1 MC. As converter 

Accuracy: Retains accuracy of 524 Counter. 
Registration: 8 places; first place indicated on converter selector 

switch labeled 0, 10, 2 90; next 7 as indicated by counter. 
Input Voltage: 0.1 v rms mum, 10 cps to 10.1 MC; 10 mv rms 

minimum, 10.1 MC to 100 MC. 
Input Impedance: Approx. 1 megohm shunted by 40 pf, 10 cps 

to 10 MC; approx. 50 ohms, 10 MC to 100 MC. 
Level Control: Tuning eye aids frequency selection; indicates correct 

voltage level adjustment. 
Weight: Net 5 Ibs. Shipping 8 Ibs. 
Price: @ 525~4, $250.00. 

for counter, 10.1 MC to 100 MC. 

@ 5256 Frequency Converter Unit 
for Frequency Measurement, 100 MC to 220 MC. 

Plugged into @ 524: 

Range: 100 MC to 220 MC. 
Accuracy: Retains accuracy of 524 Counter. 
Registration: 9 places; first two places indicated on converter se- 

lector switch labeled 100, 110, 120 . . . 210, next 7 indicated 
by counter. 

Input Voltage: 0.2 v rms minimum. 
Input Impedance: Approximately 50 ohms. 
Level Control: Same as 525A above. 
Weight: Net 5 Ibs. Shipping 8 Ibs. 
Price: @ 525B, $300.00. 

@ 525C Frequency Converter Unit 
for Frequency Measurement, 100 M C  to 510 MC. 

Plugged into @ 524: 

Range: As converter for counter, 100 MC to 510 MC. As amplifier 
for counter, 50 KC to 10.1 MC. Direct connection for 0 tolO.1 MC. 

Accuracy: Retains accuracy of 524 counter. 
Regirtration: 9 places; first two places indicated on converter dial, 

next 7 displayed by counter. 
*See pages 92-95 for a discussion of counter accuracy considerations. 

Input voltage: 20 mv rms minimum, 50 KC to 10.1 MC; 100 mv 

Input Impedance: Approximately 700 ohms, 50 KC to 10.1 MC. 

Level Control: Meter aids frequency selection; indicates relative volt- 

Weight :  Net 61/2 Ibs., shipping 11 Ibs. 
Price: (8 525c, $425.00. 

rms minimum, 100 MC to 510 MC. 

Approximately 50 ohms, 100 MC to 510 MC. 

age level. 

@ 5 2 6 A  Video Amplifier Unit 
for Frequency Measurement, I O  cps to 10.1 MC high sensitivity. 

Plugged into @ 524: 

Range: 10 cps to 10.1 MC. 
Accuracy: Retains accuracy of 524 Counter. 
Input Voltage: 10 mv rms minimum. 
Level Control: Meter indicates input signal level, correct voltage 

adjustment. 
Output  Terminal: Provides 10 times input voltage from 93-ohm 

source, for oscilloscope monitoring of input signal without load- 
ing circuit. 

Reads In: Same as basic 524 Counter. 
Weight: Net 5 Ibs. Shipping 8 Ibs. 
Accessories Furnished: 1 526A-16A Probe. 
Price: @ 526A, $200.00. 

@ 5268 Time Interval Unit 
for Time Interval Measurement. Plugged into Q 524: 

Range: 1 psec to 10' seconds. 
Accuracy: 2 l/standard frequency counted, * time base accuracy. 

(see 524 General Specifications), 
Input Voltage: 1 v peak minimum, direct-coupled input. 
Input Impedance: Approx. 1 megohm, 40 pf shunt. 
Start and Stop: Independent or common channels. 
Trigger Slope: Positive or negative on start and/or stop channels. 
Trigger Amplitude: Both channels continuously adjustable from 

Standard Frequency Counted: 10 cps, 1 or 100 KC; 10 MC or 

Reads In: Seconds, milliseconds, or microseconds; decimal point 

Weight: Net 5 Ibs. Shipping 8 Ibs. 
Accessories Furnished: 1 AC-I6K Cable Assembly. 
Price: @ 526B, $200.00. 

-192 to -t 192 v. 

externally applied frequency. 

automatically positioned. 

@ 5 2 6 C  Period Multiplier Unit 
for Period Measurement. Plugged into @ 524: 

Range: 0 to 100 KC. 
G a t e  Time: 1, 10, 100, 1,000, and 10,000 cycles of the unknown 

Accuracy: -C 1 count * O.3%/number of periods measured," 
frequency. 

k time base accuracy. 
(See J24 General Specificajions). 

Standard Frequency Counted: 10 cps, 1 RC, 100 KC, 10 MC, 01 
externally applied frequency. 

Reads In: Seconds, milliseconds, or microseconds. 
Input Voltage: 1 v rms minimum. 
Input Impedance: 1 megohm, 40 pf shunt. 
Weight: Shipping 8 Ibs. 
Price: @ 526C, $225.00. 

@ 526D Phase Unit 
for Phase Comparisons. Plugged into @ 524: 

Range: Phase angle, 0-360" lead or lag 
Frequency Range: 1 cps to 20 KC. 
Reads In: Seconds, milliseconds, microseconds; x 3600 multiplier 

provides readings direct in tenths of degrees for signals 396- 
404 cps. 

Accuracy: zk 0.1" -t 2 360", where Fp is frequency of phase- 

measured signal, F, is counted frequency; assuming noise 
65 db below signal and negligible counted frequency 
error. 

F 
F C  

Input Voltage:-%@ 120 volts rms. 
Input Impedance: Approximately 1 megohm, 80 pf shunt. 
Weight :  Net 7 Ibs. Shipping 15 Ibs. 
Price: @ 526D, $750.00. 

Data wbject to change without notice. 
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MEW @ TRANSISTOR FREQUENCV AND TIME INTERVAL COUNTERS 

An integrated development program combining new ad- 
vances in component development and broad innovations in 
instrument layout and design has made possible a whole 
new family of frequency and time measuring devices. These 
solid-state instruments provide: 
I. 

2. 

3. 

4. 

5. 

6. 

7. 

Display storage - making readings possible even while 
a count is in progress. 
Faster repetitive counts - display time is no longer 
limited to an integral multiple of the gate time. 
Solid-state circuits -with low heat dissipation and reli- 
able operation from -20 to +65"C. 
Positive frequency division-giving maximum reliability 
to all gate times. 
Multiple period average - improving period measure- 
ment accuracy, even for noisy signals. 
Plug-in modules - for clean design and easy service- 
ability. 
Compact, stackable cabinets - only 31/2 inches of rack 
space required. 

Behind these instruments stand Hewlett-Packard's years of 
experience as the world's leading manufacturer of precision 
frequency and time measuring equipment. 

W e  believe the new counters are the finest of their type 
available. They combine operational utility and rugged serv- 
iceability with true functional beauty. They are compact, 
light, have low power consumption and can operate over a 
wide temperature range without degradation of performance. 
Plug-in module construction (see photograph) increases in- 
strument versatility, simplifies maintenance, and helps assure 
uniform high quality. 

New @ Counters 

Two basic counters give maximum counting rates of 1.2 
MC and 300 KC with choice of either column or in-line 
readout. Measurements of frequency, period, ratio and total 
count are made with typical electronic counter precision. 
(Counter accuracy considerations are discussed in detail on 
pages 92-95 of this catalog.) Input sensitivity is adjustable 
to a maximum of 0.1 volts rms. 

Conservative design features, such as the use of decade 
dividers in the gate generating circuits, greatly improve oper- 
ational stability. This positive-action frequency division com- 
bined with front panel self-check provisions gives confidence 
in readings at every position of the function selector switch. 

Dual use of decade dividers in these counters permits mul- 
tiple period average measurements as a standard feature, in- 
creasing measurement accuracy in proportion to the multi- 
plication factor. 

Display storage provides a continous visual display even 
while the instrument is totalizing a new count. Only if the 
new count differs from the previous count will the display 
change, in which case it will shift directly to the new reading. 
For most repetitive measurements, this feature will improve 
readability. For appropriate applications, storage may be dis- 
abled by a rear panel switch. 

Display time is controllable from approximately 0.2 sec- 
onds to 5 seconds and is not limited by the gate time. For 1- 
and 10-second gates, this substantially increases the possible 

rate of sampling over units whose minimum display time is 
equal to the length of the selected gate. 

Output in four-line BCD code (1-2-2-4) is available for 
system use or operation of output devices such as the @ 562A 
Digital Recorder ( see  puge  116). Dymec Division equipment 
compatible with these counters and with many other types of 
output recorders is described on page 204 of this catalog. 

The extremely clean and compact design is shown in figure 
1. Occupying just 3% inches of rack space, these counters are 
light, have low power consumption and can operate over a 
temperature range of -20 to +65"C. 

10 Nanosecond Time Interval Counter 

This remarkable instrument measures time intervals from 
10 nanoseconds to 0.1 seconds with 10 nanosecond resolu- 
tion. Readout is direct in microseconds from neon columns. 
The @ 5275A Time Interval Counter has storage display and 
electrical readout features similar to the counters described 
above. The same clean, compact packaging is also used. 

The 5275A is ideally suited for precise digital measure- 
ments of the time interval between two events which can be 
represented by suitable electrical pulses. ( S e e  page 110 for  
trigger speczf icat iom.)  It is designed to be equally at home 
in the system console or the research laboratory. 

Time interval measurement accuracy is 1+1 count, t the 
time base accuracy. The @ 1o lA 1 MC Oscillator is recom- 
mended as the time base for the @5275A3, where a house 
standard of suitable stability is not available. @ 1OlA is a 
transistorized version of the same proven oscillator used as 
the time base in the @ 524C/D Counters. The long-term 
stability of this oscillator is 5 parts in l o 8  per week. Sufficient 
output power is available to drive as mdny as 20 @ 5275A's. 
A complete description of this oscillator can be found on page 
125. 

Figure I .  Note clean, compact design of new @ transistorized counters. 
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@ 5212A/5512A/5232A/5532A ELECTRONIC COUNTERS 

New Ease of Operation, Measure Frequency, Period, Ratio; Fully Transistorized 

Advantages: 

Reliable service; rugged and compact packaging 

More accurate low frequency measurements, with mul- 
tiple $eriod averages 

Low-level measurements without accessories; 0.1 volt 
sensitivity 

Operational A exibility and reduced operator errors 
with display storage 

Minimum bench or rack space, with new modular 
cabinets. 

Low heat dissipation and power consumption, with 
solid-state components 

Higher sampling rates; “inactive” time no longer an 
integral multiple of gate time 

Major improvements in operating convenience and out- 
standing reliability with all solid-state components, are im- 
portant features of the new Hewlett-Packard family of 
transistor counters. 

Two basic counters give maximum counting rates of 300 
KC and 1.2 MC, with a choice of column or in-line readout. 
Just 31/2” high, the unique cabinet design makes these instru- 
ments suitable either for bench use or rack mounting. The 
front panel has input attenuation control, display control, 
reset button and function switch. In the rear are the storage- 
disable switch, external standard input jack (which permits 

RegistraHon Input Max. 

Rate Digits Display Sensitivity Impedance 
Counter Counting No. 

the use of an external oscillator as the counter time base) and 
recorder output jack (optional). 

Conservative design features, such as the use of decade 
dividers in the gate generating circuits, greatly improve oper- 
ational stability and reduce calibration problems. Dual use 
of these same decade dividers permits multiple period aver- 
age measurements, with its resultant increase in accuracy, as 
a standard feature. Careful component choice makes these 
transistor counters operable in ambient temperatures from 
-20  to f 6 5 ” C .  Self-check is provided for both frequency 
and period measurement modes. 

Display Storage 

The unique display storage feature of these new counters 
provides a continuous visual readout of the most recent meas- 
urement even while the instrument is gated for a new count. 
If the new count differs from the “stored” count, the display 
will shift to the new reading directly. The counter’s “inactive 
time” (when it is not making a new measurement) is com- 
pletely adjustable from 0.2 to 5.0 seconds and is independ- 
ent of gate time. This permits a higher sampling rate than 
is possible with many other counters. 

Four-line BCD code output (extra cost option) with 
assigned weights of 1-2-2-4 is available for systems use or 
the operation of output devices such as the @ 562A Digital 

000 ohms for each line; “0” state is indicated by -24 volts, 
“I” state by - 1 volt. 

Recorder. (See pages 116, 1 1 7 . )  Output impedance is 100,- 1 
i 

Period Mdsurement  

Time Base 
Stabi l i ty  Ronge Accuracy* Reads In zAFi:d 

- 
Milliseconds I ,  IO,  5212A 300 KC 5 Column 0.1 v rms I megohm 0.0 I yo 2 cps to I O  t IO f i s  k time 

sine wave shunted (accuracy) KC i n  single base accuracy with IO*, 103, 
positioned 104, 106 1.0 v neg by 50 pf period; up to .+ trigger error,’ 

min. width multiple period 
pulse, 2.0 f i s  300 KC in periods averaged decimal 

average 
~ ~~~~~~~~~ ~ 

5512A 300 KC 5 In-line 0.1 v rms I megohm o.olye 2 cps to IO +- I O  f i s  t time Milliseconds I, I O ,  
sine wave shunted (accuracy) KC in single base accuracy with 102 103 
1.0 v neg by 50 pf period: up to i trigger error/ positioned IO;, 10; 

min. width multiple period 
pulse, 2.0 ps 300 KC in periods averaged decimal 

average -- 
5232A 1.2 MC 6 Column 0.1 v rms I megohm 3 parts 2 cps to IO KC +- lys + time Milliseconds or II IO, 

sine wave shunted in IO‘ per in single period; base accuracy microseconds 102, 103, 

pulse, 0.2 gs multiple period periods averaged positioned 
min. width average decimal 

1.0 v neg by 50 pf month up to I M C  in & trigger error/ with 104, 105 

5532A 1.2 MC 6 In-Line 0.1 v rms I megohm 2 -P.c#to I O  KC t Igs time Milliseconds or I, IO, 
sine wave shunted in single period; base accuracy microseconds IO*, 103, 

pulse, 0.2 gs multiple period periods averaged positioned 
min. width average decimal 

1.0 v neg by 50 pf month up to I MC in & trigger error/ with 104, i o5  
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\ @$ 5532A 

Frequency Measurement Ratio Measureme U' 

c Power Net 
Range Accuracy* Reads In fct Reads Requirements Dimensions Weight  Price 

2 cps t l  count KC with I O ,  I W f 2 )  x fl: 100 cPS t o  "I count of 115/230 v 510%; 16%'' wide 13 Ibs. $ 975.00 
t o  - + time positioned 0.1, 0.bl per iod 300 KC f l  +- tr igger 50-60 CPS, 3%'' high ll'/?'' deep 33 watts 300 KC base decimal sec mult ip l ier  [I v rms rnto error of b 

accuracy 1,000 ohms) 
f z :  Same as per iod 

I O  I (fl/fZ.l x f,: 100 cpr t o  & I  count of l15/230 v 10% 16%" wide 13 Ibs. 1,175.00 2 cps kI count KC with 
50/60 cps 3%'' high t o  - + time positioned O.l, 'O.bl per iod 300 KC f l  2 t r igger 300 KC error of f a  35 watts Ilfh'' deep base decimal sec mult ip l ier  

accuracy 
fz: Same as per iod 

2 cpr il count KC with 10, I, (fl/fz) x f,: 100 cps t o  & I  count of Ii5/230 v k 10% i6#" wide 15 Ibs. 1,300.00 
1.2 MC 5Y60 cpr 3%" high h & tr igger 1.2 MC 

v rms into error of f 3  38 watts 

f?: Same as  period 

t o  rfr t ime positioned 0.1, 0.01 per iod 
11Y2" deep base decimal rec multiplier 

accuracy "500 ohms) 

2 cpr &I count KC with IO, I ( f l / f Z )  x fl: IM) cps to t l  count 0f - -~115/230 v t 10% l63/4:' wide 15 Ibs. 1,550.00 
t o  4 time positioned 0.1, 0.bl per iod 1.2 M C  h k tr igger 50/60 Gr 3% high I IK" deep 40 watts 1.2 MC base decimal sec multiplier error of f a  accuracy 

f z :  Same as per iod 

'For a detailed discussion of electronic counter accuracy considerations, see pager 92-95 of this catalog. 
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@ 5 2 7 5 A  TIME INTERVAL COUNTER 

1 0  Nanoseconds to 0.1 Seconds; Compact, Solid-state Construction 

Specifications 
Range: 10 nanoseconds to 0.1 seconds. 

Accuracy: f 10 nanoseconds, * time base accuracy. 

Time Base: External 1 MC required. (See Page 125, deJcription of 

Registration: 7 places, direct digital presentation in neon columns. 
Read In: Microseconds, with decimal point. 

Input Requirements: Start and stop trigger pulses through separate 

Input Impedance: 50 ohms. 
Minimum Trigger Pulse: 3.0 volts peak, 1.0 volt per nanosecond rise, 

Trigger Polarity: Selectable, positive or negative, for each channel 

Reset: Manual from front panel, or remote through rear-mounted 

Standard Frequency Counted: 100 MC. 

Power: 115/230 v * lo%,  50-60 cps, S O  watts. 
Operating Temperature Range: -20°C to $65'C. 
Dimensions: 19" wide, 395'' high, 111/2" deep. Weight 15 Ibs. 
Optional Equipment: $3 lOlA 1 MC Oscillator, $500.00. @ 562A 

Digital Recorder, 4-line BCD (1-2-2-4) Output. Price on request. 

Price: ($3 527SA. Price on request. 

<'Resolution: 10 nanoseconds. 

@ Io lA) .  

channels. 

5 nsec width at so% point. 

independently. 

terminal. 

Data subject to change without notice. 

Information previously unavailable in digital form can 
now be measured with electronic counter precision and sim- 
plicity with the new @ 5275A Time Interval Counter. 10- 
nanosecond resolution is achieved in automatic measurements 
over the full range of the instrument. The counted frequency 
is 100 MC, obtained from an external 1 MC standard by a 
100 to 1 multiplying circuit within the 5275A. 

@ 5275A is ideally suited for precise digital measurements 
of very short time intervals between events that can be rep- 
resented by suitable electrical pulses. Applications include 
explosive burning rates, speed and acceleration timing of 
test vehicles in free-flight wind tunnels, and nuclear meas- 
urements. 

@ lo lA Oscillator (page 125) has been specifically de- 
signed for use with Model 5275A Time Interval Counter 
and is capable of supplying the time base for as many as 20 
instruments at one time. Using one time base for several 
counters conserves rack space and reduces system cost. 

A 4-line BCD output (optional) permits direct connec- 
tion to many computers, or may also be used to drive the 
@ 562A Digital Recorder (pages 116, 117) .  Other output 
devices . . . typewriters, card punches, tape punches, magnetic 
recorders, etc. . . . may be operated through standard output 
couplers manufactured by Dymec, a division of Hewlett- 
Packard. (See page 204.) 
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@ AC-4 SERIES DECADE COUNTERS 

Counting Rates to 1.2 MC; Staircase Printer Output 

Three dependable, convenient @ AC-4 Decade Counters 
are offered, with maximum counting rates of 120 KC, 220 
KC, and 1.2 MC. Specific characteristics of each decade are 
given in the table below. Each is of improved design provid- 
ing high reliability and staircase output voltage for remote 
register or driving @ 560A Digital Recorder. Units may be 
cascaded for any count capacity; they may be used to totalize, 
or as scale-of- 10 dividers with remainder indicated. Readout 

is provided by neon lighted numerals. 
On special order, any Model AC-4 Decade Counter can 

be supplied with a 4-line binary coded (1-2-2-4) decimal 
output for direct connection to computors, printers and data 
reduction equipment. 

For replacement in @ counters using octal-based Decade 
Counters, Model AC-4A, 120 KC and Model AC-4B, 220 
KC, are available at $42.00 and $77.00, respectively. 

Specifications 

AC-4C AC-4G AC.4E' 

Maximum Counting Rate: 220 KC I20 K C  1.2 MC 

Double Pulse Resolution: 4 psec 7 psec 0.7 psec 

Driving Voltage: -50 v puke -80 v pulse -20 v pulse 
0.2 psec rise t ime 

Output  Voltage: -80 v pulse - 80 v pulse -80 v pulse 

Reset: To zero: open base pin connection or apply +90 volt pulse 5 psec duration. 
To nine, apply negative pulse. 

Display: 

Output  Code: 

Mounting: I2  pin male plug. 

Power: 

Illuminated numerals in  a column. 

Staircase voltage + 135 volts a t  count of zero, + 55 volts a t  count of nine. 

+ 3oOV a t  18 ma + 3 0 0 v a t  15ma + 300 v a t  30 ma 
6.3 V d C  a t  1.2 amp. 6.3 V (IC a t  1.2 amD. 6.3 V aC a t  1.2 amD. 

~~~~ 

Price: $77.00 $42.00 $95.00 

lMode l  AC-4D-95 and modification k i t  i s  available as a replacement for the AC-4D in -hp- 5238 Electronic Counters. Price $lOO.OO. 
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@ 5406 TRANSFER OSCILLATOR 

Measure Frequency to 18 GC (KMC) with Electronic Counter Accuracy 

Advan tag es : 

Extends frequency counter accuracy to microwave 
region 

Measures to 18 GC (KMC) with new fixed tuned 
mixers 

Permits measurement of pulsed, FM, CW, AM or 
noisy signals 

Provides multiple check for positive accuracy 

Measures FM deviation 

Includes self-contained oscilloscope 

Circuit elements usable separately 

Simple to use, compact, eliminates complex set-ups 

Uses : 

Fast, accurate determination of C W  and AM signal 
frequencies 

Measuring center frequency or deviation range of FM 
signals 

Measuring frequency in presence of high noise levels 

High accuracy measurements of pulsed signals 

Use of @ 540B Transfer Oscillator with @ counters, fre- 
quency converters and fixed tuned mixers permits measure- 
ments far into the microwave region with accuracy and sim- 
plicity otherwise available only at much lower frequencies. 

Model 540B contains a highly stable 100 to 220 MC oscil- 
lator generating harmonics to at least 12.4 GC (KMC) for 
comparison. Comparison is made by means of a broadband, 
untuned, diode mixer system, amplifier and oscilloscope, all 
within the instrument. In addition, the built-in harmonic 
generator provides signals for driving external amplifiers 
and mixers for measurements above 12.4 GC.* 

Combined with an @ 524 series Counter with @ 525B 
Frequency Converter plug-in, the 540B extends the 524's 
range to 12.4 GC. With the new @ P932A Harmonic Mixer, 
simple, accurate measurement is available to 18 GC. 

In operation, with approximate signal frequency known, 
the @ 540B is tuned until one of its harmonics beats with 
the unknown. The multiplying factor is noted. The transfer 
oscillator frequency is then measured directly on the 524 
Counter. The 524 frequency reading, times the multiplying 
factor, gives the frequency of the unknown signal. When 
the signal frequency is totally unknown, a convenient calcu- 
lation employing two or more harmonics is used to deter- 
mine the multiplying factor. 

In measuring carrier frequency of pulsed signals, an exter- 
nal oscillosynchroscope is used to display the detected pulse. 
Zero beat appears as horizontal lines across the pulses when 

*The use of external traveling wave amplifiers and waveguide mix- 
ers for measurements in P, K and R bands (12.4 to 40 GC) is  
described in Application Note No. 2 ,  available on request. 
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the oscillator is tuned to an exact sub-multiple. Video ampli- 
fier frequency response controls can be used to simplify this 
procedure. 

In working with noisy or AM signals, the @ 540B re- 
sponse can be narrowed to obtain a more accurate indication 
of zero beat. 

In signals with appreciable FM, the 540B’s oscilloscope 
presents a characteristic pattern pin-pointing upper and lower 
frequency deviation limits. If FM deviation is present, cen- 
ter frequency may also be determined. 

P-Band Measurements 
The @ P932A Harmonic Mixer mounts directly in the 

waveguide system and operates with either the 540A or 
540B, mixing generated harmonics with the unknown wave- 
guide frequency. The mixer’s beat frequency output is ap- 
plied to the 540. The measuring procedure is the same as 
the procedure using the 540’s internal mixer. 

An earlier @ Transfer Oscillator, Model 540A is widely 
used for making measurements to 5 GC. The @ 934A Har- 
monic Mixer operates from 2 to 12.4 GC, and extends the 
range of the 540A from 5 GC to 12.4 GC. Both the 934A 
and P932A are fixed tuned. 

@ P932A Harmonic Mixer. 

Accuracy 
The system’s accuracy approaches that of the electronic 

counter on clean C W  signals, On pulsed signals, accuracy 
is governed by carrier frequency and pulse length. On noisy 
or intense AM signals, the transfer oscillator system with 
@ 540B often provides the only means of accurate measure- 
ment. Overall system accuracy is greater than 10 times that 
of the best microwave wavemeters. 

A direct-coupled reactance control circuit in the @ 540B 
allows the oscillator to be locked at a sub-multiple of the 
measured frequency when it is desirable to measure auto- 
matically or record drift characteristics of microwave signal 
sources. 

Quality Features 
Each of the circuit elements of @ 540B may be used 

separately by shifting front panel patch cords. Controls are 
provided for coarse and fine mechanical tuning. There also 
is an electrical vernier with range approximately t 125  
parts per million. The video amplifier has both gain and 

SICNIL I N Q U I  INPUT 

S IGNAL 0 %  OSC O X  H l R l O Y l t  M i X f R  i R f 0  VIDEO 
I Y Q U T  I N P U l  O U I Q U T  I N Q U I  ou?ul O U T P U T  WfR OUTPUT 

E: I , O  

Simplified Block Diagram, @ 540B. 

bandwidth controls. Horizontal input to the internal oscillo- 
scope is power line frequency with phase control, or external 
signals from 20 cps to 5 KC. 

Specifications, Model 540B 
General 

Frequency Range: 10 MC to 12,400 MC. 
Input Signal: CW, FM, AM or pulse. 
Input Signal Level: Varies with frequency and individual 

Accuracy: CW: Approximately 1/10,000,000 or better. 
crystals. (See chart.) 

E a q U 

3- IO 2- 20 
+-30 
1-40 2- 50 - 100 1000 10,000 

FREQUENCY - MC 
Typical Sensitivity, Model @ 540B. 

Oscillator 
Fundamental Frequency Range: 100 MC to 220 MC. 
Harmonic Frequency Range: Above 12,400 MC. 
Stability: Less than 0.002% change per minute after 30- 

Dial: Six inch diameter, calibrated in 1 MC increments. 

Output: Approximately 2 v into 50 ohms. 

minute warmup. 

Accuracy: t 0.5%. 

Amplifier 
Gain: Adjustable, Maximum 40 db or more. 
Bandwidth: Variable. High Frequency: 3 db point ad- 

justable approximately 1 KC to 2 MC. Low Frequency: 
3 db point switched from 100 cycles to below 10 KC. 
Adjustable to above 400 KC. 

Output: 1 v rms maximum into 1,000 ohms, 

Oscilloscope (Self- Contained) 
Frequency Range: 100 cps to 200 KC. 
Vertical Deflection Sensitivity: 5 mv rms per inch at 

Horizontal Sweep: Internal, power supply frequen2 
with phase control, or external (connection at rear) 
with 1 v per inch, 20 cps to 5 KC. 

mixer output. u‘ 

Miscellaneous 
Size: Cabinet Mount: 2034‘’ wide, 1234’’ high, 15%” 

deep. Rack Mount: 19” wide, l O l / , ”  high, 141/*” deep 
behind panel. 

Weight: Net 42 lbs. Shipping 53 Ibs. (cabinet mount). 
Net 35 Ibs. Shipping 50 Ibs. (rack mount). 

Power Supply: 115/230 v t lo%, 50/1,000 cps, ap- 
proximately 110 w. 

Auxiliary Equipment: 
@ 524 Electronic Counter, (see pages 104-106). 
@ 525B Frequency Converter, $300.00. 

Price: @ 540B, $850.00 (cabinet); @ 540BR, 3835.00 
(rack mount). @ 540B mixer [ 2  to 12.4 GC(KMC)] 
available for use with @ 540A; specify Model 934A, 
$150.00; @ P932A Mixer (12.4 to 18 GC) for use 
with 540A and 540B, $250.00. 

Data subject to change without uotice. 
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@ 500A/S0lB DIGITAL RECORDERS; 5 7 0 A / 5 7 1 6  DIGITAL CLOCKS 

Prints 11-Digit Information at Rates of 5 Lines Per Second 

Advantages: 

Controllable by electronic or electro-mechanical 
devices 

ll-digit parallel entry; primary and supplementary data 
can be recorded simultaneously 

High speed printing rate up to 5 lines/sec.; uses 
folded or standard roll paper and standard type- 
writer ribbon 

Analog output for strip-chart or X-Y recorder 
(S60A) 

Uses: 

Recorder for frequency counters, digital voltmeters 

Recording of time functions 

Digital to analog converter for strip-chart recording 

Test, calibration, check-out of telemetering systems 

Monitoring, final tabulation and plotting of tests 

Investigating drifts in systems and equipment 

The @ 560 series Digital Recorders, although specifically 
designed for use with @ electronic counters and voltmeters, 
are extremely versatile and useful in a wide variety of appli- 
cations. 

Basically, the recorders consist of a motor-driven print 
mechanism with inked ribbon, printing paper, eleven iden- 
tical number wheels and eleven circuits which position the 
number wheels according to the count appearing on an asso- 
ciated electronic counter. 

Both Models 560A and 561B have a printing speed of 
five, 11-digit lines per second. The 11-digit line allows sec- 
ondary or coding data to be entered simultaneously with 
primary data, Since each recorder is literally a slave to its 
associated input, the recorder accuracy is the same as the 
accuracy of the data gathering input. 

Operation -Model 5 6 0 A  
In normal electronic operation, the 11 number wheels are 

locked in position while the counter is counting. At the end 
of each counting period, the staircase voltage generated dur- 
ing the count by each decade in the counter comes to rest on 
the step or voltage level corresponding to the digit displayed 
by that decade. Each staircase voltage step is sent to the re- 
corder along with a print command pulse which occurs at 
the end of the count period. 
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The command pulse then initiates a scanning cycle during 
which the number wheels are simultaneously positioned 
according to the staircase voltage levels received from the 
counter decades and locked in position. At the end of the 
scan cycle a print of the data is made, and the paper auto- 
matically advanced to display the printed count. 

Analog Output-Model 5 6 0 A  
Unique features of the @ 560A include an analog out- 

put for driving a strip-chart recorder. The analog output 
available is a voltage or current proportional to the number 
represented by any three consecutive digits of the recorded 
data. This feature of the recorder is particularly useful in 
data reduction work where an expanded scale strip-chart re- 
cording of measurements is desired. The strip-chart can 
never be driven off scale since range variation for the 3-digit 
scale is 0 to 999. Wider variation results in a repeating of 
the o to 999 sequence, 

Specif icatio ns-M od el 560A/AR 
Accuracy: Identical to that of basic counter used, 
Printing Rate: 5 lines/sec. max. 
Column Capacity: To 11 columns (11 digits per line). 
Number Wheels: 

Data Entry: One wire for each print wheel. 
Driving Source: @ and Dymec electronic counters which have re- 

corder kits installed, @405AR/CR DC Digital Voltmeters with 
@ 405A-95C Adapter, or other sources providing appropriate 
input voltages. (See Counter specifications.) 

Print Command Signal: * 15 volts peak, 10 Fsec or greater in width 
Manual control with momentary-contact switch. 

Paper Required: Standard 3" roll, or @ #9281-0018 folded paper. 
Line Spacing: Zero, single or double, adjustable. 
3 Digit Analog Output: 1,000 step staircase directly proportional to 

count indicated by any three (or the right-hand two) adjacent 
columns selected by analog output selector switch. (Example: if 
consecutive digits were 3, 8, and 6; output voltage would be 38.6 
millivolts; and 99.9 millivolts if consecutive digits were 999.) 

Output Available: 1 ma for galvanometer strip-chart recorders. 100 
mv for potentiometer strip-chart recorders. 

Power Requirement: 115/230 v t lo%, 50/60 cps, 250 watts. 4 
prints/sec maximum on 50-cycle lines. 

Dimensions: Cabinet: 203/4" wide, 12%" high, 18l/," deep. Rack: 
19" wide, 101/2'' high, 2095'' required rack depth. 

Weight: Cabinet Mount: Net 63 Ibs. Shipping 87 Ibs. Rack Mount: 
Net 5 5  lbs. Shipping 80 Ibs. 

Accessories Available: Additional comparators to increase print-out 
of basic 560A from 6 columns to a maximum of 11 columns. 
These comparators plug into sockets in the 560A. Price: 560A-58 
Plug-in Comparator Unit. $25.00 each. No. 9281-0018 Folded 
Paper Tape, Prices: single packet, $1.00; 24 packet carton, $20.00. 

Price: @ 560A, $1,325.00 (cabinet); @ 560AR, $1,310.00 (rack 
mount). (Includes 6 plug-in comparators.) 
For 50-cycle power line operation retaining 5 prints/sec maxi- 
mum, specify H01 560A (cabinet), H01 560AR (rack), add 
$15.00. With 570A Digital Clock installed and 11 plug-in com- 
parators, specify E01-560A (cabinet), EO1 560AR (rack), add 
$1,175.00. 

Maintenance Kits Available: @ 560A-95AB Basic Tool Kit, for gen- 
eral maintenance exclusive of  wheel banks, $31.00. @ 560A-95AC 
Wheel Bank Maintenance Kit includes small spares, $60.00. @ 
560A-95AH Spare Parts Kit for general maintenance exclusive of 
wheel banks $59.00. 

12 position, having numerals 0 through 9, a 
minus, and a blank. Other symbols available. 

Operation-Model 5618  
Model 561B Digital Recorder differs from Model 560A 

in that input is a 10-line coded decimal entry. The'561B is 
normally operated from an @ Digital Voltmeter or by a 
modified Frequency Counter (in-line readout types). Model 
56lB can also be operated from relays, stepping switches 
and beam switching tubes because separate connections are 
made for each wheel position. 

The principle of operation is as follows: When a print 
command is received, the clutch engages, turning the number 
wheels. Each number wheel turns until its armature contacts 
a voltage which is negative with respect to the cathode of a 
tube. A negative voltage on the grid of the tube de-energizes 
the solenoid and drops the pawl, thus stopping the number 
wheel in the appropriate position. 

Specif icat ions-Mod el 561  B/BR 
Same as 560A except: 

Column Capacity: 11 columns. 
Input: Decimal code, 10 lines plus 2 lines for blank and asterisk 

for each column. 
Driving Source: 9 In-line readout counters having 561B recorder 

kits installed. (See Counter specifications.) @ Digital Voltmeter. 
(See Voltmeter specifications.) Stepping Switches, Relays, Beam 
Switching Tubes, contact closure, or -15 to - 100 volts con- 
nected to appropriate number wire. Operates from 10-line coded 
systems. 

Print Command: * 15  volts peak or more, 10 psec minimum width, 
or external contact closure. Manually controlled by a momentary 
contact toggle switch. Print commands during scan and print 
action have no effect. 

Power: 115/230 v *lo%, 50/60 cps, approximately 75 watts. 4 
prints/sec maximum on 50-cycle lines. For 50-cycle operation re- 
taining 5 prints/sec specify, H03 56lB (cabinet); H03 561BR 
(rack), add $15.00. With 571B Digital Clock installed specify 
E01 561B (cabinet), E01 56lBR (rack), add $950.00. 

Price: @ 561B, $1,150.00 (cabinet); (2 561BR, $1,135.00 (rack 
mount). 

@ 5 7 0 A / 5 7 1 6  Digital Clocks 

560A with 570A Installed 

Models 570A and 571B Digital Clocks mount in the 
left-hand side of @ 560A and 561B Digital Recorders,.re- 
spectively. These clocks provide time-of-day information for 
addition to other recorded data, and can control rates at 
which measurements are made. 

Time is indicated in a 23-hour, 59-minute, 59-second ar- 
rangement; display is by bright, in-line indicator tubes with 
all time digits available for printing. 

For maximum flexibility, two operating modes are pro- 
vided. In the first, @ or Dymec digital counters, digital 
voltmeters or other external equipment initiate print com- 
mands; time is printed along with primary data. In the 
second mode, (for long-term tests which require infrequent 
readings) the Digital Clocks determine the rate at which 
readings are made. Sampling intervals are selected on a front 
panel switch offering sampling rates of l/second, 6/minute, 
l/minute, 6/hour, l/hour. Models 570A/571B operate 
from an &ernal or external time base. 

@ 570A (fits 560A/AR), $1,050.00. 
@ 571B (fits 561B/BR), $950.00. 

Data subject to change without notice. 
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@ 5 6 2 A  DIGITAL RECORDER 

Flexible Data Input Wi th  Information Storage 

Advantages: 

Permits increased rate of data collection with infor- 

Parallel entry 4-line BCD input 

Versatile operation; converts to other codes with plug- 
in cards; can operate with different codes on sepa- 
rate wheels 

Reliable, low maintenance operation with transistorized 

Dual input provision to permit simultaneous printing 

mation storage; 2 milhsecond data transfer 

construction 

from two unsynchronized data sources. 

Uses : 

Record readings of @ Transistor Counters 

Provide permanent record of readings in specialized 

Record output from two devices. 

systems 

Hewlett-Packard Model 562A Digital Recorder is a trans- 
istorized electro-mechanical device providing a printed record 
of digital data from any of a number of sources. Parallel data 
entry and low-inertia moving parts allow printing rates as 
high as 5 lines per second, each line containing up to 11 
digits. 1 2  digit capacity is available on special order. Model 
562A uses the same fast mechanical system pioneered by 
@ in Models 560A and 561B Digital Recorders. 

Data Storage 

A unique data storage feature allows the driving source 
to transfer its data to @ 562A in 2 milliseconds. As soon as 
this data transfer is completed, the driving source is released 
to gather more information. Reducing the time that the 
driving source must hold a reading makes possible a higher 
rate of data collection. 

Although designed primarily for use with the new family 
of @ Transistor Counters, Model 562A is extremely flexible, 
and can be used in a wide variety of individual and system 
applications. 

Data Entry 

Standard input for Model 562A is parallel-entry 4-line 
BCD code (1-2-2-4). Data enters the unit through two rear- 
mounted >@pin connectors. Internal plug-in connectors route 
the information to any desired sequence of print wheels. A 
separate storage binary unit is associated with each individual 
print wheel, On print command each storage binary unit 
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assumes the condition of the decade counting unit (or other 
driving source) connected to it. This data transfer takes 
place in 2 milliseconds, after which time the driving source 
is free to accumulate additional information. 

The storage binary unit for each column is mounted on a 
plug-in card with a resistor matrix, which translates the 
stored data into positioning information for the print wheels. 
Normally, Model 562A is equipped to translate 1-2-2-4 BCD, 
but other 4-line codes are accommodated simply by substi- 
tuting plug-in cards. 10-line code operation is also available 
by card substitution and the mounting of additional input 
plugs. However, information storage is not available for 
10-line data. 

Since each print wheel o erates with its own plug-in card, 
different input codes may l e  used for separate wheels. For 
further flexibility, @ 562A is available with dual input 
coupling to print data simultaneously from two unsynchron- 
ized sources. 

In addition to the standard print wheels which have 
numerals “0” through “9,” a minus sign and a blank, a 
wide variety of special character wheels may now be obtained 
from stock.* 

Spec if i cat i o n s 
Accuracy: Identical to input device used. 
Printing Rate: 5 linedsecond maximum. 
Column Capacity: To 11-columns (12 available on special order). 
Print Wheels: 1 2  position, numerals 0 through 9, a minus, and a 

blank. Other symbols available.* 
Driving Source: Parallel entry 4-line BCD, 1-2-2-4. Other codes 

available. Source reference voltages establish “0” and “1”  states, 
which may be 100 v above or below ground.“l”state 4 to 75 volts 
above reference. Driving power approx. 30 pa into 270,000 ohms. 

Print Command Signal: Positive or negative pulse, 20 psec or greater 
in width, 6 to 20 volts. 

Hold Signal: - 7 v to f 15 v and f 15 v to - 7 v ( 2  signals). 
Transfer Time: 2 ins. 
Paper Required: Standard 3” roll or folded paper. 
Line Spacing: Single or double, adjustable. 
Power Requirement: 115/230 v * lo%, S0/60 cps, ( 4  prints/sec 

maximum at 50 cps). 
Dimensions: Cabinet 203/ ” wide, 123/2” high, 18%’’ deep. 

Rack: 19” wide, lOl/2”high, 16Vg ‘ deep behind panel, 
Weight: Cabinet: Net 3 5  Ibs. Shipping 70 Ibs. (approx.) 

Rack: Net 30 Ibs. Shipping 63 Ibs. (approx.) 
Price: @ 562A/562AR, on request. 

@ 5 6 5 A  Digital Printer 

Model 565A is a fast eleven-column Digital Printer de- 
signed specifically for use in custom systems. It is mechan- 
ically similar to the printing mechanisms in @ 560/561/562 
Digital Recorders. 

Model 565A is useful as an output device in computer 
and data handling systems, as well as other systems involving 
electronic counters, mechanical counters with an electrical 
output, stepping switches, relays, beam switching tubes and 
other digital devices. 

Because of the variety of performance characteristics en- 
countered by designers of custom systems, the methods em- 
ployed to drive Model 565A Digital Printer can vary con- 
siderably. For maximum compatibility with the input and 
control systems encountered, and for simplified field main- 
tenance, all connections are made through connectors at the 
rear of the instrument. 

Specifications 

Number of Columns:t 11. 

Data Entry: Parallel entry to all columns. One line required for each 

Maximum Print Rate: 5 lines/sec. 

Standard Characterst  0 through 9, minus sign ( -  ),  blank. Dimen- 
sions: approximately 0.085” wide, 0.100’’ high. Column spacing: 
%”. Line spacing: 5/32” single space; 5/16” double space. 

Print Wheel  Position: Controlled by electromagnetically - operated 
pawls. Wheel position sensed through brush and commutator 
associated with each print wheel. Maximum commutator current 
1 ma. Note: Circuitry for sensing wheel position and operating 
pawl magnets not included in printer mechanism. 

position of each print wheel to be operated. 

Controls: ( 1 )  Front panel POWER switch with pilot light, 
( 2 )  Front panel RECORD switch with pilot light. Has 

momentary position for manual print command. 
Power Requiremenkt  Motor: 115 v *IO%, 60 watts, 50/60 cps 

( 4  prints/sec maximum at 50 cps). Clutch solenoid: 240 volts 
dc * I O ~ C ,  75 ma (operates for approximately 1 5  msec to initiate 
printing cycle). 

Pawl Magnets: 5.8 volts dc * lo%, 1 5  ma (operate when needed 
during printing cycle), 

Dimensions: Front panel: 9%” high, 83/ ” wide, 9%” deep behind 
panel. 

Weight: Approximately 15 Ibs. 
Accessories Furnished: @ 565A-95A Mounting Tracks and Guides. 

@ 560A-95N Service Kit, contains machine oil, moly oil and 
type cleaner. 1 packet 1052-24 folded paper tape. 1 1056-6 inked 
ribbon. 

Accessories Available: 125-123 36 pin plug, 1 required, $4.25. 
125-125 50 pin plug, 3 required, $5.25 each. @ 560A-95N Serv- 
ice Kit, $3.50. 1056-6 inked ribbon, $3.50. 560A-131A folded 
paper tape, 24 packet carton, $20.00. 

Price: @ 565A Digital Printer, $640.00 each in quantities of 1 to 9; 
$620.00 each in quantities of 10 to 24; $600.00 each for 25 or 
more. For 1 1 5  v 50 cps operation with 5 prints/sec capability 
specify H27-565A, $653.00 each in quantities of 1 to 9; $630.00 
each in quantities of 9 to 24; $608.00 each for 25 or more. For 
230 v 50 cps operation with 5 prints/sec capability specify H24- 
565A, $655.00 each in quantities of 1 to 9; $632.00 each in quan- 
tities of 10 to 24; $610.00 each for 25 or more. 

2 - 

- > -  - 
?Others available on special order. 

@ 565A Data subject to change without notice. 
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FREQUENCYANDTIMESTANDARDS 

The accuracy with which frequency 
and time intervals may be measured or 
generated is of vital importance in basic 
research and in the development, pro- 
duction and maintenance of modern 
systems and associated instrumentation. 
In order to provide the performance re- 
quired in satellite and missile opera- 
tions, single sideband and time-coded 
communication, precise navigation SYS- 
tems and similar applications, Hewlett- 
Packard places major emphasis on the 
development of high-performance fre- 
quency and time standard systems. 

Accuracy in the Broad Sense 

While accuracy may be the primary 
concern, the degree to which a high- 
accuracy system is useful is a direct func- 
tion of system reliability. For this rea- 
son, increased accuracy and increased 
reliability are considered inseparable 
major design objectives at Hewlett- 
Packard. 

The absolute accuracy which you can 
achieve and maintain with @ systems 
depends not only upon equipment per- 
formance, but also,on (1) the accuracy 
of the reference used and ( 2 )  the tech- 
niques of comparison and adjustment 
employed. 

By careful use of suitable com- 
parison method, coupled with adequate 
record-keeping and necessary adjust- 
ment, the user may establish and main- 
tain high system accuracy based on the 
broadcast standards. Two proven com- 
parison techniques available to the user 
are discussed below. 

Necessary equipment characteristics 
provided by Hewlett-Packard systems 
are: ( I )  suitable oscillator stability, ( 2 )  
high - accuracy comparison capability, 
(3) reliability and ( 4 )  operational sim- 
plicity. 

Oscillator Stability 

Improved long-term stability directly 
increases the permissible time between 
oscillator adjustments required to main- 
tain a given absolute accuracy. If an os- 
cillator exhibits long-term stability of + 
5 parts in 1010 per day, for example, ad- 
justments at twenty-day intervals will 
permit the user to maintain accuracy of 
2 5 parts in io9*; if long-term sta- 
bility were + 5 parts in 109 per day, ad- 
justments at two-day intervals would be 
required for the same accuracy. 

Long-term stability of Hewlett-Pack- 
ard quartz oscillators is conservatively 
rated at 5 parts in 1010 per day and the 
user may usually expect performance 
which is substantially better than speci- 
fication.1 Such performance results from 
( I )  the use of carefully tested, high- 
quality crystals, (2 )  precise control of 
oven temperature, (3) circuitry which 
has proven, inherent stability, and ( 4 )  
AGC action which maintains crystal 
dissipation level at less than y4 micro- 
watt. Careful attention to other details 
such as shock and vibration isolation, 
shielding, load isolation, and effects of 
supply voltage variation are also con- 
tributing factors. 

The crystal operating level chosen 
provides the best compromise between 
long-term stability and short-term sta- 
bility. The short-term stability specifica- 
tion for the @ 103AR, for example, is 
f 5 parts in lolo, and this specification 
is based on the average of the frequency 
over one-second intervals. This specifi- 
cation includes effects of variations in 
ambient temperature from O-5O0c,  
variations in dc supply voltage from 
22-30 v, variations in load impedance 
from a few ohms to several hundred 
ohms, and other variations in environ- 
mental conditions. As a result, the user 
can usually expect short-term stability 
on the order of one part in 10” (aver- 
aged over one second) when the oscil- 
lator is operating under normal labora- 
tory conditions. (See Figure 1.) 

- 
1See Hewlett-Packard JOURNAL, Vol. 12 ,  
No. 3, November, 1960. 

“This assumes no error in the broadcast 
standard and comparison error small 
enough to be neglected. 

Spectral Purity 

For applications which require ex- 
treme spectral purity, @ 104AR is of- 
fered. This oscillator is similar to Model 
103AR, but has an additional 5 mega- 
cycle output which can provide a spec- 
trum only a few cycles wide when multi- 
plied to the gigacycle region. 

Comparison Methods 
For High Accuracy 

I.  Frequency Standards 

a. Time Comparison Method 

Frequency standards may be cali- 
brated and monitored by means 
of time comparisons with broad- 
cast standard time signals as 
shown in Figure 2 .  Transmis- 
sions from W W V  ( W W V H ,  
MSF, JJY or any other station 
transmitting precise time signals) 
are received and their“time ticks” 
are connected to the vertical in- 
put of the oscilloscope. The @ 
11 3BR Frequency Divider and 
Clock derives “local ticks” from 
the output frequency of the 103 
AR Quartz Oscillator. The “local 
ticks” are used to trigger the os- 
cilloscope. 

At the beginning of a test, the 
“time ticks” and “local ticks” 
may be as much as ‘/2 second 
apart. By successive adjustment 
of the 113BR or the 114BR, (see 
pages 122, 123) and oscilloscope 
sweep speed, a reference condi- 
tion is eQablished in which the 
time between the two ticks is, 
very short and is accurately 
known. The amount by which 
the TIME REFERENCE control 
must be adjusted to re-establish 

I18 Figure I. Typical short-term stability, @ 103AR. 
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Figure 2. Time Comparison for Frequency Standard Calibration. 
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Figure 3 .  VLF Comparison System3 

the reference condition in subse- 
quent tests indicates the time drift 
of the oscillator under test. By 
plotting the data obtained over a 
period of time, drift rate and fre- 
quency error may be determined 
very accurately and oscillator fre- 
quency can be readjusted to keep 
it within predetermined accuracy 
limits. Time comparisons made 
over several days can yield com- 
parison accuracy of a few parts in 
101". 

Frequency Comparison Using 
VLF Transmissions 

Since vlf transmissions are vir- 
tually free of the propagation 
problems encountered with hf 
signals, an alternate method for 
calibration of frequency stand- 
ards is based on frequency com- 
parisons with the vlf standard 
stations such as NBA and WW- 
VL. By this method, comparison 
accuracy of one part in io9  may 

'Dexter Hartke, "A New Clock for Improv- 
ing the Accuracy of Local Frequency and 
Time Standards," @ Journal, Vol. 11, No. 
3-4, November-December, 1959. 

comparison measurements with @ labora- 
tory equipment, Application Note S O  is now 
available from Hewlett-Packard upon re- 
quest. 

"For a complete discussion of vlf ffequency 

2. 

usually be achieved in less than 
one hour. Tests conducted for 
longer periods will increase the 
comparison accuracy proportion- 
ally.3 Equipment for vlf com- 
parison is shown in Figure 3. 

Output from the 113BR Clock 
is used to start the time interval 
counter and the next cycle of the 
vlf carrier is used as the "stop" 
signal. Trigger level and slope 
controls on the time interval 
counter permit selecting given 
and repeatable points on the start 
and stop signals. The resulting 
time-interval readings are printed 
by the @ 560A Digital Recorder 
and continuously plotted on a 
strip chart recorder using the 
560A analog output. This ana- 
log record gives the relative time 
drift of the oscillator under test 
compared to the vlf carrier. From 
the time drift record, the user 
may determine frequency error 
and rate of frequency drift for his 
oscillator. 

Time Standards 
Maintenance of maxim-u*m time 

accuracy generally requires that 
oscillator frequency be main- 
tained within close limits by some 

method such as those discussed 
above. In addition a suitable tech- 
nique is required for synchroniz- 
ing time signals from the system. 
The method most commonly em- 
ployed for time synchronization 
of widely separated clocks is one- 
way transmission of time signals 
using hf propagation.4 Time 
signals carried by the standard 
broadcasts from WWV, WWVH 
and others are locked to the fte- 
quency of the transmissions and 
may be used to synchronize the 
@ time standard with national 
standards. 

This method of synchronization 
requires precise knowledge of 
propagation time length between 
the standard broadcast transmit- 
ter and the local receiver. From 
longitude dnd latitude data, the 
great circle distance can be cal- 
culated and from this, ground- 
wave propagation time is easily 
determined. The next step is to 
calculate propagation times for a 
given mode sky-wave signal. 
These calculations are simplified 
by published curves for assumed 
layer heights and propagation 
modes. 

Once propagation time is 
known, the 11 3BR Clock is set to 
agree with the time information 
contained in the standard broad- 
cast transmissions. Corrections, as 
required, can then be made to the 
Quartz Oscillator and to the 1 1  3 
BR Clock itself to maintain the 
required time accuracy. 

To ,d a t e, inform at i o n band - 
width characteristics have limited 
the use of vlf for time-of-day in- 
formation and for time compari- 
son measurements. 

Re1 iabi I ity and Fai I -Saf e 
Operation 

It is important to minimize down- 
time of a frequency or time standard 
but, far more important, the accuracy 
which may be attained in the system is 
directly dependent upon continuity of 
operation. Further, the system must be 
fail-safe to prevent the accumulation of 
insidious frequency or time errors. 
Hewlett-Packard frequency and time 

%ee NBS Technical Note No.  22.  "Precise 
Time Synchronization of Widely Separated 
Clocks" by A. H. Morgan. 
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standards employ simplified, optimized 
designs which display a high order of 
inherent dependability. Premium com- 
ponents are used with substantial de- 
rating to provide large safety margins. 
Development has been considered com- 
plete only when all component values 
have been optimized and rigid environ- 
mental tests have been passed. Before 
release for production, pilot run quan- 
tities of each type of instrument must 
pass independent evaluations, generally 
i n cl u d in  g ad d i ti o n a 1 env  i r o nmen t a1 
testing to commercial as well as mili- 
tary specifications. Testing prior to 
shipment is a meticulous, unhurried 
procedure which continues until per- 
formance significantly better than speci- 
fication has been clearly established. 

Fail-safe operation results mainly 
from three Hewlett-Packard equipment 
characteristics: ( 1 )  The  Standby Power 
Supply employs a standby battery to 
provide continued operation in event of 
line failure, (2)  Dividers used in @ 
Quartz Oscillators and in the 113BR 
Frequency Dividers and Clocks will not 
respond to spurious signals, and (3) 
Output from the dividers will stop and 
remain stopped upon any interruption 
of driving signal or supply power. 

Power Supply Cons id e rations 

Interruptions in primary power to 
any quartz oscillator can cause serious 
changes in output frequency. In addi- 
tion, if the power interruption is of suf- 
ficient length, cooling causes strains in 
the crystal which result in an increased 
aging rate. The new aging cycle thus 
incurred may last for days or even 
weeks, since the strains can be relieved 
only with time at the proper operating 
temperature. Since the accuracy attained 
in time comparison measurements is 
directly dependent upon the length of 
time over which the measurements are 
made, power interruptions to compari- 
son equipment, such as the @ Fre- 
quency Divider and Clock, are also un- 
desirable. 

Hewlett-Packard Standby Power Sup- 
plies operate over wide ranges of ac line 
voltage and frequency and supply reg- 
ulated dc to operate the Quartz Oscil- 
lator and Frequency Divider and Clock. 
These supplies are designed to operate 
with standby batteries which assume the 
load immediately without switching or 
undesirable transients whenever ac line 
power fails, When line power is re- 

stored, the supplies immediately reas- 
sume the load and automatically re- 
charge the standby batteries. Alarm sys- 
tems include local indication of operat- 
ing conditions and provisions for re- 
mote alarms. 

Fail - Safe, Regenerative 
Dividers 

To assure the user that output signals 
can neither gain or lose time with re- 
spect to the driving source @ Frequency 
and Time Standard Systems utilize re- 
generative frequency dividers of a non- 
self-starting design with simple push 
button starters. Small gains or losses of 
time, which could be difficult to detect, 
would not only degrade accuracy of 
generated time signals but would also 
impair the accuracy of comparisons 
utilizing those signals. 

Sharp tuning makes @ regenerative 
dividers virtually invulnerable to noise 
bursts or other spurious signals which 
would cause pulse counters or phantas- 
tron dividers to “gain” in time. Since 
properly designed regenerative dividers 
have no output in the absence of an in- 
put signal, the presence of output from 
a regenerative divider of the non-self- 
starting type is a positive indication that 
the divider output has not “lost” time 
with respect to the driving signal, 

Operational Simplicity 

For convenience and speed in mak- 
ing time comparisons, both the 113BR 
Frequency Divider and Clock and the 
114BR Time Comparator are calibrated 
directly in milliseconds and microsec- 
onds. Controls on all system compon- 
ents are simple and clearly identified. 
Front panel meters facilitate monitor- 
ing important voltages and currents in 
the system. 

To simplify oscillator frequency ad- 
justments, the fine frequency controls 
on @ quartz oscillators are calibrated 
directly i n  par ts  in  1o1O frequency 
change. The  time indicated by the 11 3- 
BR Clock may be reset without affect- 
ing the position of time signals gen- 
erated by the system. 

Use of the specially designed stand- 
by power supplies and associated stand- 
by batteries eliminates concern over 
operating problems such as line voTrage 
variations and power interruptions. 

@ Frequency and Time Standard 
systems are well suited for use in sea- 

going vessels, aircraft and trucks, as 
well as for general laboratory and field 
use. They are characterized by small 
size, moderate weight, low power re- 
quirement, extended standby operation 
and ability to withstand a wide range of 
environmental conditions. 

Systems Concept 

Since most users prefer to have one 
company assume overall responsibility 
for a frequency and time standard sys- 
tem, Hewlett-Packard has developed 
systems capability suited to the most 
exacting requirements. @ maintains 
large, well equipped research, develop- 
ment and manufacturing facilities in 
order to meet stringent requirements in 
performance, quantity and delivery 
time. This program is supported by the 
@ Precision Components  Divis ion 
which provides quartz crystal research 
and production, and by the @ Quality 
Assurance Department which includes 
such services as components evaluation 
and environmental test. 

The  instruments described on the fol- 
lowing pages constitute an integrated 
family of precision devices which may 
be combined with other Hewlett-Pack- 
ard and Dyniec (a division of Hewlett- 
Packard) instruments to meet a wide 
variety of requirements. 

Figure 4. $$ Frequency Standard System. 
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@ 103AR/l04AR QUARTZ OSCILLATORS 

5 Parts in 10'O/Day Stability; Short-Term Typically 1 Part in 1O'O* 

@ 103AR and 104AR Quartz Oscillators make possible 
improved accuracy in Primary Frequency and Time Standard 
systems because they provide increased stability, maximum 
reliability and are easy to adjust. 

Long-term stability of @ 103AR and 104AR is conserva- 
tively rated at 5 parts in 1010/day. Short-term stability, speci- 
fied as 5 parts in includes effects of variations in 
supply voltage, load resistance, ambient temperature and 
other environmental conditions. Models 103AR and 104AR 
typically display short-term stability of one part in l o l o  
when operated in a reasonably constant environment. 

Model 103AR provides two sinusoidal output signals, 1 
M C  and 100 KC, from a low source impedance at a power 
level well suited for distribution over 50-ohm systems. A 
separate 100 K C  output is available for driving @ 113BR 
Frequency Divider and Clock for time comparison measure- 
ments and for generating time signals. 

Proportionally-controlled double ovens house the crystal 
and all critical frequency-determining elements and maintain 
their temperature constant within a few hundredths of a de- 
gree. Crystal dissipation level is kept constant at less than 
'/4 microwatt by AGC action. Frequency changes due to vari- 
ations in supply voltage and load impedance are virtually 
eliminated as a result of internal voltage regulation and ex- 
cellent buffering. 

Completely transistorized, @ 103AR and 104AR Quartz 
Oscillators arc compact and rugged, withstand severe en- 
vironmental conditions and operate for extended periods 
from standby batteries of moderate size. 

Model l04AR has the same high stability as @ 103AR 
and in addition provides a 5 M C  output of extreme spectral 
purity. Spectra only a few cycles wide in the gigacycle region 
may be obtained by multiplication of this 5 megacycle output. - 
*Averaged over 1 second intervals. 

Specifications 
Overall Stability: Long-Term: 5 parts in 1010 per day. Short-Term: 

Better than 5 parts in 1010 averaged over 1-sec. intervals. 
Output Frequencies: 103AR 1 MC, 100 KC, 1 v rms into 50 ohms; 

lOOKC for driving @I 113. 
104AR 5 MC. 1 MC. 100 KC. 1 v rms into 50 ohms: 100 KC 
for 113. 

Harmonic Distortion: At least 40 db below rated output. 
Non-Harmonically Related Output: At least 80 db below rated out- 

Output  Terminals: 103AR and 104AR: 1 MC, 100 KC, front and 
put. 

rear BNC connectors. Clock drive 100 KC, rear BNC. 
104AR: 5 MC front and rear BNC connectors. 

Frequency Adjustments: Coarse: Screwdriver adjustment with range 
of approximately 1.5 parts in IO6. Accessible through front panel 
by removing threaded plug. 
Fine: Front panel control with range of approximately 600 parts 
in 1010. Accessible through front panel by removing threaded 
plug. Digital indicator calibrated directly in parts in lolo.  

Monitor Meter: Ruggedized front-panel meter and associated selec- 
tor switch monitors: 
103AR and 104AR: SUPPLY voltage, OSC voltage, INNER 
OVEN current, OUTER OVEN current, 100 KC output, 1 MC 
output. 104AR: BIAS, 5 MC output. 

Temperature Range: 0 to 50'C. 
Size: Rack Mount: 59"" high, 19" wide, 14" deep behind panel, 

Weight: 103AR, net approx. 17 Ibs. 104AR, net approx. 17 Ibs. 
Power Requirements: 2 2  to 30 v dc, approx. 5 watts operating, ap- 

prox. 10 watts during warmup. Dual power connectors at rear. 
Accessories Furnished: 6 ft. power cable for connecting Quartz Oscil- 

lator to @ 724 or 725AR Standby Power Supply. 
Price: @ 103AR, $2,500.00 (rack mount); @ 104AR, $3,250.00 

(rack mount). 

Data subject to  change without notice. 

including cable allowances. 16" deep overall. 



@ 113BR FREQUENCV DIVIDER AND CLOCK 

Increased Accuracy From Frequency/Time Standards 

Specifications 
Input Frequency: 100 KC for solar time, input bandwidth * 300 

cps. 100.3 KC for sidereal time, on special order. 
Accuracy: 1)  Accuracy of output pulse and sine-wave signals deter- 

mined by accuracy of input frequency. 2)  Time reference dial 
linearity * 10 psec. 

Input Voltage: 0.5 to 5 volts rms. 
Input Impedance: 300 ohms nominal. 
Tick Pulse Output, positive: 1 pps with amplitude of 10 volts or 

more into minimum recommended load impedance of 4,700 
ohms and 200 pf. Rise time, 2 psec maximum; duration 20 psec 
minimum; jitter 1 psec maximum. Rear BNC connector. 

Tick Pulse Output, negative: 1 pps with amplitude of 10 volts or 
more into minimum recommended load impedance of 1 Megohm 
and 100 pf. Rise time, 2 psec maximum; duration 20 psec mini- 
mum; jitter I psec maximum. Front BNC connector. 

Auxiliary Pulse Output, I ppr: At least 2 volts positive into rnini- 
mum recommended load of 50 ohms and 5,000 pf. Rise time, 1 
psec maximum; duration 200 ,psec; jitter, 1 psec maximum. Rear 
BNC connector. 

Auxiliary Pulse Output, 1,000 pps: At least 4 volts positive into 
minimum recommended load of 1,000 ohms and 1,000 pf. Rise 
time, 2 psec maximum; duration 20 psec minimum; jitter, 1 psec 
maximum. Rear BNC connector. 

Auxiliary Output: 100, 10 and 1 KC sinusoidal, 0.25 volts rms, min. 
Source Impedance 1,200 ohms nominal. Front panel BNC con- 
nectors. 

Time Reference: Continuously adjustable. Directly calibrated in 10 
microsecond increments on dial and in milliseconds on mechani- 
cal counter. 

Frequency Divider: Manually starting, regenerative type, fail-safe. 
Effect of Transients: Wil l  not gain or lose time because of: 1) +. 300 

volt step function on 100 KC input. 2 )  0 to 2 5 0  volt pulses, 
0 to 500 pps, 1 to 10 Bsec duration on 100 KC input. 3 )  * 4 
volt step in 26 v dc input. 

Clock Mechanism: 24-hour dial; minute hand adjustable in 1 minute 
steps; second hand continuously adjustable. Manual start. Front 
panel adjustment of dock hands does not affect tick output. (12. 
hour dial on special order.) 

Monitor Meter: Ruggedized meter and selector switch on front panel 
for checking supply voltage, divider operation (100 KC, 10 KC, 
1 KC) and total clock current. 

Increased accuracy from frequency and time standard 
systems is possible by use of the new @ 113BR Frequency 
Divider and Clock. Precise comparisons between local stand- 
ards and hf or vlf broadcasts based on national standards 
of time and frequency may be made simply and conveniently. 
Model 11 3BR also generates precise, adjustable time signals 
with accuracy determined by the driving oscillator. 

Use of the 113BR simplifies recording drift rates, deter- 
mining time or frequency differences in widely separated 
systems and permits adjustment of systems for maximum 
accuracy. By averaging out the effect of hf propagation path 
errors, use of the 113BR can reduce comparison error to a 
few parts in 10'0 within several days. Model 113BR also 
simplifies vlf comparisons, especially where ICW transmis- 
sions are involved. 

The @ optical gating system (no contacts, no wear, can- 
not add jitter) and a directly-calibrated, precision phase 
shifter make possible the unique accuracy of the 113BR and 
provide time comparison capability of t 10 microseconds, 
where signal conditions permit. 

Fail-safe dividers and clock motor reduce the possibility 
of error, since (1) neither dividers nor motor can respond 
to spurious signals, ( 2 )  interruptions in driving signal or 
supply power stop all outputs. 

Model 11 3BR is fully transistorized and meets perform- 
ance requirements of MIL-E-1 6400. 

Power Required: 22-30 v dc, approximately 2 watts. Recommended 

Dimensions: 19" wide, 7" high, 191/2" deep behind panel. 
Weight: Net 10 Ibs. Shipping approximately 21 Ibs. 
Accessories Furnished: @ 113A-16E Cable, 6 ft. long, connects 

Price: 9 113BR, $2,750.00. 

supply 9 724BR, 725AR. 

113BR to 724BR or 725AR Standby Power Supply. 

Data subject to  change without notice. 
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@ 114BR TIME COMPARATOR 

Speed, Simplify Frequency or Time Standards Comparisons 

Specifications 
The new @ 114BR Time Comparator provides additional 

speed and flexibility in making time comparisons between 
stable oscillators and standard time signal transmissions such 
as those from WWV. Model 114BR is an auxiliary unit used 
in conjunction with the @ 113BR Frequency Divider and 
Clock and an oscilloscope in primary frequency or time 
standard systems. If time signals generated by the @ 113BR 
Frequency Divider and Clock are to be used with computers 
or for system timing signals or similar purposes, the 114BR 
provides a method of making time comparisons without dis- 
turbing outputs from the 11 3BR. 

The @ 114BR Time Comparator consists of an adjustable 
preset digital delay generator, a sweep generator and a 
marker generator. An oscilloscope such as @ 120AR is used 
as an indicator. All critical controls on the 114BR are de- 
tented selector switches, and time markers are automatically 
adjusted to sweep speed. As a result, time comparison by 
means of the 114BR is simple and fast. Adjustment of the 
114BR will not affect operation of the frequency or time 
standard in any way. 

The time difference between the received one-per-second 
standard time signal and the tick output from the @ 113BR 
can be resolved to 10 microseconds, where signal condi- 
tions permit. The data thus accumulated over a period of 
days, weeks or months may be used to determine the long  
term drift of the stable frequency source or for time checks 
in time standard systems. 

Sweep Delay Range: 0 to 999 msec in 1 msec steps with direct read- 
ing, in-line front panel switches. 

Sweep Output: 1,000, 100, 10, or 1 msec duration as selected by 
front panel switch. Sweep may be delayed from 0 to 999 msec 
in 1 msec steps with direct reading front panel switches. Arnpli- 
tude 1 volt peak-to-peak, dc coupled. Front panel vernier hori- 
zontal position control provides fine adjustment of dc level. 
Recommended display unit, @ 12OA/AR Oscilloscope. 

W W V  Tick Output: W W V  Tick, gated at 1-second intervals to pro- 
vide stable base line for intensity markers between ticks, appears 
at VERTICAL AXIS BNC connector on front panel. 

Intensity Markers: Marker intervals automatically adjusted to 1/10 
of the sweep duration; length automatically adjusted with sweep 
time. Markers may be switched on or off by front panel switch. 

Unblanking Voltage: 50 KC unblanking square wave synchro- 
nized with standard frequency for interpolation to 10 psec or 
better. Amplitude 40 volts peak-to-peak. 

Input Requirements: 1 KC positive pulses from @ 113BR; 1 pps 
positive pulses from @ 113BR: WWV Tick, 0.1 to 10 volts 
peak-to-peak to BNC connector on rear. 

Self Check: Each digit of delay setting may be checked by means of 
front panel pushbutton. 

Power Requirements: 115/230 f 10% volts ac, 50-1,000 cps; approx- 
imately 7 watts. 

Dimensions: 3%‘’ high, 19“ wide, 131/2” deep overall, 11%” deep 
behind panel, including cable allowance. 

Weight: Net, approximately 11 Ibs. 
Accessories Furnished: @ 114BR-16A power cable, 6 feet long, with 

NEMA line plug; @ 114BR-lGB 2-axis,,cable, 3 feet long; @ 
114BR-16C Horizontal axis cable, G1/2 long; @ 114BR-16D 
Vertical axis output cable, 10’’ long. 

Price: @ 114BR, $1,200.00 (rack mount). 

Z-Axis Output: 

Data subject t o  change without notice, 



@ 724BR/725AR STANDBY POWER SUPPLIES 

Avoid AC Problems in Frequency, Time Standard Systems 

Spec i f i cat i o n s 

Output Voltage: 24 t- 1 volts dc. 
Rated Current (total  external load): 300 ma, nominal.? 
Over-Current Protection: Current limiter provides short-circuit pro- 

tection, eliminates need for load fuses. 
Alarm Indicators: Panel lamps indicate ( 1 )  OPEN AC LINE 

FUSES, or ( 2 )  AC OFF, indicating ac is not reaching power 
transformer and load is being supplied by standby battery. 

Remote Alarm Provisions: DPDT relay contacts (form C )  provided 
at rear terminals for operating remote alarm from separate power 
system. Contacts rated at 3 amperes (resistive) at 115 volts ac 
or 28 v dc. 

Panel Meters: Voltmeter and ammeter indicate battery voltage and 
battery charge/discharge current. 

Power Requirements: 115/230 t-109’i v ac, 50-1,000 cps. 
Output  Connectors: MS type female connectors at rear mate with 
Q 103AR/104AR, 113BR power cables. 

Battery (supplied): @ 724BR, Vented Nickel-Cadmium, 16 am- 
pere hour: @ 725AR, Sealed Nickel-Cadmium, 2 ampere hour. 

Additional (external) Battery Provision: MS 3106E-14S-2S female 
connector, with cap, at rear. Mating connector supplied. 

Weight :  $8 724BR, net 75 Ibs., including battery. 
@ 725AR, net 20 Ibs., including battery. 

Dimensions: @ 724BR, 19’’ wide, 7“  high, 14” deep behind panel, 
including allowance for cables. @ 725AR, 19” wide, 31/2” high, 
12” deep behind panel, including allowance for cables. 

Accessories Furnished: Power cable, 6 feet long. 
Price: @ 724BR, including battery, $850.00 (rack mount). 

@ 725AR, price on request (rack mount). 

+Suitable for operating (3 113BR and 103AR or 104AR at any 
temperature from 0 to 50°C. 

Data subject to change without notice. 

@ Standby Power Supplies, Models 724BR and 725AR, 
improve performance and reliability of frequency and time 
standard systems by assuring continued operation in the 
event of ac line power failure. Also, with these standby sup- 
plies you can use a standard at various locations, since the 
system can be kept in operation for extended periods during 
transport. 

Models 724BR and 725AR are completely automatic, 
solid-state supplies specially designed to power the @ 11 3BR 
Frequency Divider and Clock and @ 103AR or 104AR 
Quartz Oscillators. * These supplies are designed to operate 
with standby batteries. The standby battery is kept charged 
and instantly assumes the load, without switching, in case of 
ac failure. When line power is restored the supply reassumes 
the load and automatically recharges the battery. 

After a week of operation @ 724BR provides a minimum 
of 48 hours standby operation at an average temperature of 
25°C for an @ Quartz Oscillator and a 113BR Frequency 
Divider and Clock. Under similar conditions, Model 725AR 
provides at least six-hour standby operation. A switch at the 
rear of the 724BR increases standby period at least 50%. 

Output is voltage-regulated and current-limited, eliminat- 
ing the need for output fuses. Operating aids include alarm 
lamps, contacts for remote alarms and connectors for addi- 
tional standby batteries. 

Both supplies will withstand severe environmental condi- 
tions. Model 724BR is equipped with heavy-duty chassis 
tracks. Models can be supplied to meet performance require- 
ments of MIL-E-16400, Class 4. 

* @  724AR, required for operation with @ 113AR Frequency 
Divider and Clock, available on special order. 



@ l O O E F R E Q U E N C Y S T A N D A R D  @ 1OlA 1 MC OSCILLATOR 

5/108 Stability, Multiple Outputs 
For Test, Production or Lab Use 

Good stability and the versatility of a wide variety of out- 
puts are offered by the @ 1 O O E  Frequency Standard. 

This compact instrument provides six standard sine and 
four pulse signals for use at many different stations on a pro- 
duction line or in the laboratory. 

A particularly useful feature of 1 O O E  is a timing comb 
providing output pips at 100, 1,000, and 10,000 p e c  inter- 
vals to simplify sweep and time interval measurements, 

Model 1OOE includes a built-in oscilloscope which may be 
used to calibrate external equipment such as oscillators 
through use of Lissajous figures or to check the Standard’s 
internal frequency division. 

Specifications 
Stability: Short term * 3 parts in 108. Long term t 5 parts in 108 

per week. 
Output Frequencies: Sinusoidal, 10 cps, 100 cps, 1 KC, 10 KC, 100 

KC and 1 MC. Pulse 10 cps, 100 cps, 1 KC and 10 KC. 
Output Voltages: Sinusoidal 5 v rms minimum into rated load. Pulse 

approx. 15 v peak-to-peak. Harmonics to 5 MC from 10 KC pulses, 
Rated Load: 50 ohms nominal, 100 KC and 1 MC. 5,000 ohms 

nominal, 10 cps, 100 cps, 1 KC and 10 KC. 
Source Impedance: Approx. 50 ohms, 100 KC and 1 MC. Approx. 

300 ohms, 10 cps, 100 cps, 1 KC and 10 KC. 
Distortion: (Sinusoidal) Less than 4% into rated load. 
Timing Comb: Marker pips at 100 usec intervals. Double amplitude 

pips at 1,000 psec, triple amplitude pips at 10,000 psec intervals. 
Oscilloscope: Vertical sensitivity adjustable approx. 3 v rms/inch. 

Vertical bandwidth approx. 100 cps to 1 MC. Horizontal sensi- 
tivity adjustable approx. 2 v rms/inch. Horizontal bandwidth 
approx. 20 cps to 150 KC. 

Frequency Shifter: Panel pushbutton lowers oscillator frequency 
approx. 0.1 cps at 1 MC to aid in frequency comparisons. 

Power: 115/230 v * l o % ,  50/1,000 cps, 140 watts. 
Dimensions: Cabinet Mount, 111/” high, 20%‘’ wide, 18%” deep. 

Rack mount, 8%” high, 19” wide, 1678’‘ deep behind panel. 
Weight: Net 35 lbs. Shipping 50 lbs. 
Price: @ 100E, $925.00 (cabinet); @ 100ER, $900.00 (rack mount). 

5/10’ Stability For Electronic 
Counter Time Base 

Designed specifically to be the time base for @ 5275A 
Electronic Time Interval Counters, the high precision cap- 
abilities and low cost of @ lOlA make it useful for many 
other applications as well. This 1 MC oscillator can be used 
directly to obtain increased accuracy from counters such as 
@ 523C/D. An optional 100 KC output is available for use 
with counters such as @ 524B, FR-38U, ANJUSM-26, and 
for other suitable applications, 

Model 1olA provides an output of at least 1 volt into a 
50 ohm load, sufficient to drive a number of electronic 
counters. Model 1OlA has a long-term stability of 5 parts in 
lo8  per week and is a transistorized version of the proven 
oscillator used in @ 524C/D Electronic Counters and @ 
1 O O E  Frequency Standard.* 

* 9 Journal, Vol. 10, No. 3-4, Nov.-Dec., 1958, “5xlO-8/Meek 
- 

Time Base Accuracy in the 10 MC Frequency Counter.” 

Specifications 

Stability: Short term, + 3  parts in IO8. Long term, + 5  parts in lo8 

Output  Frequencies: Sinusoidal, 1 M C  (100 KC optional), BNC 

Output  Voltages: 1 v rms minimum into 50 ohm load. 
Source Impedance: Approx. 15  ohms. 
Distortion: Less than 4% into rated load. 
Oven Temperature Indicator: Front panel dial thermometer. 
Frequency Adjustment: Front panel screwdriver adjustment with 

range of approximately 1 part per million for calibration from 
primary standards. 

Power: 115/230 v * l o % ,  50/1,000 cps, approx. 9 watts average. 
Dimensions: 3%‘‘ high, 163/4‘‘ wide, 111/,’’ deep behind panel. 
Weight: Net: Approximately 10 lbs. 
Price: @ lOlA, $500.00. 

per week. 

connectors. 

Data subject to change without notice. 
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SIGNAL GENERATORS 

OSCILLATOR 

A signal generator is an oscillator 
calibrated to provide output signals of 
precisely known frequency and power. 
Signal generators are essential to many 
different types of measurement, and in 
order to adequately serve their purpose, 
they must meet certain minimum re- 
quirements, viz : ( 1 ) accurate frequency 
calibration, ( 2 )  accurate and variable 
output, (3) constant output impedance, 
( 4 )  varied modulation capabilities, (5)  
low leakage, (6)  low harmonic content, 
and (7)  freedom from spurious or in- 
cidental modulation. 

Hewlett-Packard offers a complete 
easy-to-use line of hf ,  vhf, uhf, and shf 
signal generators, 1 2  precision instru- 
ments operating at frequencies between 
50 K C  and 40,000 MC. Each generator 
incorporates every basic requirement 
listed above and is designed so that both 
frequency and power output are direct 
reading. This assures utmost conven- 
ience and accuracy for all kinds of mea- 
surements, including receiver sensitiv- 
ity, selectivity or rejection, signal noise 
ratio, gain-bandwidth characteristics, 
conversion gain, antenna gain, trans- 
mission line characteristics; or for driv- 
ing bridges, slotted lines, filter net- 
works, etc. 

- MO N I TOR 

Oscillator Types 

@ signal generators can be divided 
into three different groups according to 
their oscillator circuit design. Signal 
generators in Group I have master oscil- 
lator-power amplifier circuits, those in 
Group I1 have reflex klystrons in exter- 
nal cavities, and the signal generators in 
Group I11 utilize broadband crystal har- 
monic generators with low conversion 
loss to provide rf power at twice the 
driving frequency. Table 1 shows the 
important characteristics of these units. 
Figures 1, 2 and 3 show the basic cir- 
cuit diagram of each group. Tubes for 
the oscillator section of @ signal gene- 
rators are carefully selected for optimum 
performance over the range of each 
generator. 

Group I signal generators (except @ 
61214) are capacitively tuned, and 
Group I1 signal generators (including 
@ 612A) are tuned by adjusting a 
shorting element that tunes the cavity 
resonator associated with the oscillator 
tube. Group I11 generators depend on 

t 
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AMPLIFIER 
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Figure I .  Block diagram of Signal Generators in Group I. 

AUTPUT ATTENUATOR 
- -- 

the driving generator for tuning and 
frequency accuracy. 

A number of special-purpose signal 
generators using techniques similar to 
those of @ instruments are manufac- 
tured by Dymec, a division of Hewlett- 
Packard. See page 209 for specifications. 

Modulator Section 

Hewlett-Packard generators, in  addi- 
tion to CW emission, also provide am- 

plitude and frequency modulated out- 
put. The  type of amplitude modulation 
(pulse, square-wave or sine wave) varies 
with each signal generator, and it is 
described in detail in  Table 1. 

Group I1 signal generators include 
internal pulse circuitry which is used 
f o r  pu lse  modulat ion.  Considerable  
care has been taken to achieve a modu- 
lating pulse that has good waveform 
and does not undergo deterioration in 

I 608'2 10 - 

e Sine wave, 
I 612A 

Table I .  Characteristics of @ Signal Generators. 
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Figure 2. Block diagram of Signal Generators in Group 11. 
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Figure 3. Block diagram of Signal Generators in Group 111. 

the modulating system. Spurious FM, 
AM and harmonic content have been 
kept to a minimum by incorporating 
well regulated power supplies, good 
circuit design and excellent construction 
techniques. 

Frequency modulation with variable 
amplitude and phase is generated in- 
ternally in signal generators of Group 
11. The particular type of FM varies 
with the instrument and may be gene- 
rated by power line voltage, by a saw- 
tooth generator (40-4000 cps) or by a 
1000 cps modulator. In addition, signal 
generators in Group I1 (except @ 614A 
and 616B) can be frequency modulated 
by signals applied to a front panel jack. 
These FM features are achieved by 
taking advantage of the voltage-tuning 
characteristics of reflex klystrons. 

External Modulation 
Techniques 

There are many cases where it is de- 
sirable to modulate a signal generator 
with external signals. The type of mod- 
ulation used must be applied to the 
generator in such a way as not to detract 
from the stability or accuracy of genera- 
tion. Further, incidental or spurious 
modulation should not be introduced. 
Certain precautions, different for dif- 
ferent signal generators, should be ob- 

served when applying external modu- 
lation. 

Almost any type of amplitude modu- 
lation may be applied to @ 606A, 
608C/D and 612A (which employ 
master oscillator-power amplifier cir- 
cuits) as long as the modulation band- 
width of the particular instrument is not 
exceeded. 

All modulation in the 606A and 
608C/D is accomplished in the ampli- 
fier section, and either sine wave, pulse 
or square wave modulating voltages can 
be employed. Because the amplifier sec- 
tion of the 608C/D employs a ground- 
ed grid circuit, the power is not com- 
pletely cut off between pulses. The re- 
duction in power output between the 
time the pulse is on and off is better 
than 20 db since interelectrode capacity 
provides some coupling even though 
the tube is cut off. 

In the i@ Model 612~4, provision is 
made for applying pulse and square 
wave modulation directly to either the 
oscillator or the amplifier section. When 
modulation is applied to the oscillator 
section the signal is completely cut off 
between pulses. It is advisable to apply 
only square waves or pulses for ampli- 
tude modulation to the oscillator sec- 
tion. Other types of modulation should 
be applied to the amplifier section, the 

bandwidth limitation of which is 5 MC. 
The types of modulation employed 
(with due consideration to above re- 
strictions) will not seriously affect the 
stability or spurious signal content. 
There is no provision for FM modula- 
tion in Models 606A, 608C/D and 
612A signal generators. 

In Group I1 generators utilizing kly- 
stron oscillators, it is desirable to use 
pulse or square wave modulation of 
sufficient magnitude to completely cut 
off the generator between pulses. This 
is necessary to eliminate spurious signals 
and harmonics. If a square wave gen- 
erator is not available, a high voltage 
sine wave may be used. The use of this 
sine wave will tend to overload the 
modulator and the sine wave will be- 
come heavily clipped - thus applying 
an approximation of a square wave to 
the oscillator. Since the grids of the 
modulator tubes are ac coupled, high 
level signals drawing grid current will 
develop a clamp voltage on the grid of 
the tube. Damage to tubes is thus pre- 
vented. The amplitude of the modulat- 
ing voltages should be approximately 
50 volts. 

Models 618%, 620A, 626A, and 
628A, in addition to external ampli- 
tude modulation, have provision for ex- 
ternal frequency modulation. Modula- 
tion capability depends on the reflex 
klystrons in each individual generator, 
and magnitude of the applied modu- 
lating voltage should be limited so that 
the reflector will not be swept into un- 
desired oscillating modes. 

Output Section 

The output sec$ons of @ generators 
are designed to achieve high monitor 
accuracy, high attenuator accuracy and 
to minimize mismatch between gene- 
rator and load. 

In Models 606A, 608 C/D and 612A, 
a high order of monitor accuracy is 
achieved by employing a crystal detec- 
tor at a low power level. Calibration is 
performed at a fixed level so monitor 
detector laws will not cause error in 
measurement. On other @ generators, 
accuracy is maintained through use of a 
thermistor bridge. In these instruments, 
drift compensating networks are em- 
ployed to reduce zero drift and sensi- 
tivity variations with ambient tempera- 
ture changes. 

Attenuators in the output systems are 
the waveguide-beyond-cutoff type, (ex- 
cept @ 606A, 626A and 628A), and 
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operate on magnetic coupling for the 
lowest order mode. This type of atten- 
uator is characterized by linear relation 
between the attenuation (in db) and 
displacement (in length units) of the 
coupling elements. The linear relation- 
ship holds except for approximately the 
first 7 db of attenuation, As long as the 
attenuator waveguides are well below 
cutoff, the attenuation will be independ- 
ent of frequency and will be depend- 
ent only upon tube size and type of 
coupling employed. Attenuator wave- 
guides are accurately sized, and this, in 
conjunction with magnetic coupling as- 
sures that once the relation between at- 
tenuator movement and attenuation in 
db becomes linear, it will stay linear 
down to the lowest value desired. 

Thus accurate measurements are easily 
obtained whether working into a stand- 
ard 50-ohm load or into a load adjusted 
to match exactly with generator char- 
acteristics. 

Sources of Error 
Harmonic Content: In @ signal 

generators every effort has been made to 
minimize harmonic content, which is at 
least 20 db down. Nevertheless for some 
measurements (as for example, mea- 
surements involving filters, slotted lines 
or pre-selectors) even this residual har- 
monic content may cause error. Such 
errors may be eliminated by employing 
@ 360 or 362A low pass filters (page  
186) between the signal generators and 
equipment following the generator. 

L CONNECTING CABLE 

no-s- i5a 

Figure 4. Typical setup for making measurement on Signal Generators. 

The Model 606A output attenuator 
is a series of 4 resistive x networks 
switched with cam-controlled micro- 
switches for a total of 120 db range. It 
is similar to the Model 355A/B vhf 
attenuators on page 64. 

Models 626A and 628A employ ro- 
tary waveguide attenuators which have 
an extremely flat frequency response. 
These attenuators are similar to @ 382A 
Waveguide Attenuators (page 180). 

Signal generator output impedance is 
held close to 50 ohms by utilizing pads 
in the attenuator and output connectors. 
This type of output system has certain 
advantages which contribute greatly to 
the accuracy and usefulness of a signal 
generator. The monitoring circuit sets 
a reference calibration level and also 
serves as a continuous monitor on the 
oscillator level. Changes of oscillator 
level due to loading, etc., are immedi- 
ately apparent. At any level the maxi- 
mum available power from the gene- 
rator can be determined quickly and 
accurately from monitor readings and 
attenuator settings. It is not necessary to 
return the output to a high level for 
monitoring. 

@ generators are calibrated in terms 
of their maximum available power. 

Power Loss Due to Mismatch: An- 
other source of error in determining 
power output is mismatch between a 
signal generator output impedance and 
the instrument following the generator. 
Hewlett-Packard generators have an 

Figure 5. 

output impedance of 50 ohms which 
matches the nominal impedance of most 
cables and connectors. The deviation of 
output impedance from 50 ohms is 
designated Standing Wave Ratio 
(SWR) and it is less than 2.5 for all 
$$ generators. With a knowledge of the 
value of SWR of both generator and 
load, the limits of the power loss can be 
calculated. It is necessary to know the 
phase of the reflection coefficient to de- 
termine the exact power loss. 

A typical setup for making measure- 
ments on signal generators is shown in 
Figure 4. To determine the amount of 
error due to mismatch, the values of 
SWR of the signal generator and the 
load should be measured. Maximum 
and minimum power loss is then ob- 
tained by substituting the values of 
SWR in the equation below: 

'max-the maximum power loss in db is 
given by: 

And 'min-the minimum power loss in db 
is given by: 

Where og = SWR of signal generator 
Where UL = SWR of device under test 

NOTE: These losses are with respect to the 
maximum available power output. 
(Calibration of the signal generator.) 

POWER LOSS C U R V E S  
( S O L I D  LINES I N D I C A T E  M I N I M U M  POWER LOSS, BROKEN LINES MAXIMUM POWER LOSS I 

LOLD SWR 

Power loss curves. Solid lines indicate 'max; broken lines 'min. (Courtesy 
Sperry Gyroscope Co.) 
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These formulas can be drawn up in 
chart form as shown in Figure 5. As an 
example, let it be assumed that on a 
measurement the attenuator setting is 
-30 dbm, the SWR of the generator 
is I ,  and the SWR of the load is 3. Then 
using the above formulas or chart, it can 
be shown that Pmax equals 1.28 db, and 
'min equals 1.28 db. Here it should be 
noted that because the generator is 
matched, the ambiguity of error is elimi- 
nated and power loss can be calculated 
exactly. 

Assuming the same data as before 
with the exception that the generator 
has an SWR of 1.5, it can be shown that 
'max equals 2.28 db, and 'min equals 
0.52 db. In this last example the power 
actually being delivered to the load lies 
somewhere between -30.52 dbm and 
- 32.28 dbm. Without further infor- 
mation concerning the relative phase of 
the reflection coefficients, it is impos- 
sible to obtain this value more accur- 
ately. With some form of tuner, the 
load may be matched to the generator. 
Then the attenuator reads accurately as 
maximum power is transmitted to the 
load. For most measurements, it will be 
found that an average value of the 
power loss will adequately meet the ac- 
curacy requirements. 

Loss in Cables: Another source of 
error in power output determination is 
loss in the cables connecting the gene- 
rator to the load. This loss may become 
significant, particularly at higher fre- 
quencies. To minimize this error, @ 
generators which may be most affected 
by cable loss, (614A, 616B, 618B and 
620A) are calibrated in terms of power 
at the end of the 6 ft. cable which is 
furnished with the generator. If cables 
of different lengths are used, consider- 
ation should be given to the differences 
in attenuation presented by such cables. 
Nominal attenuation for several dif- 
ferent types of cables is shown in Fig- 
ure 6. 

@ 6 0 6 A  HF Signal Generator 

The  Model 606A High Frequency 
Signal Generator (pages 132, 133)  has 
been specially designed for new conven- 
ience and accuracy in hf measurements. 
It features feedback circuitry around the 
power amplifier section of the generator 
which provides constant output levels 
on all bands and at any frequency within 
a band. This eliminates the tedious, 

error-producing retuning and resetting 
of output power levels normally found 
in generators of this type. Furthermore 
the feedback circuitry is wide band so 
that a constant modulation level is ob- 
tained with negligible envelope distor- 
tion, even up to 100% modulation. Out- 
put is high and is continuously adjust- 
able from 0.1 microvolts to 3 volts into 
50 ohms. 

Covering the high frequency spec- 
trum (which includes the 30 and 60 
megacycle radar I F  bands) the new 
606A is exceptionally useful in driving 
bridges, antennas and filters, and meas- 
uring gain, selectivity, and image re- 
jection of receivers and hf circuit ele- 
ments. 

Output is constant within 2 1 db 
over the full frequency range and is ad- 
justable from + 20 dbm ( 3  volts rms) 
to -110 dbm (0.1 microvolts rms). 
N o  level adjustments are required dur- 
ing operation; the instrument has a min- 
imum of controls and high accuracy re- 
sults are assured because of the constant 
internal impedance. 

The 606A may be modulated by sine 
waves and complex wave forms from dc 
to a maximum of 20 KC with the per- 
centage modulation indicated on an in- 
ternal meter. An internal crystal calibra- 
tor circuit provides check points at 100 
K C  and 1 megacycle intervals with 
errors of less than 0.01 % to insure max- 
imum accuracy of frequency setting. 

New @ 9 3 8 / 9 4 0 A  
Frequency Doubler Sets 

The new @ 938A/940A Frequency 
Doubler Sets (pages 146, 1 4 7 )  extend 
the Hewlett-Packard signal generator 
range up to 40 G C  (KMC) . These ver- 
satile frequency doubler sets consist of 
broadband crystal harmonic generators 
with low conversion loss to provide up 
to 1 milliwatt of power throughout the 
frequency range from 18 to 40 GC. 

In  each frequency doubler set, a 
broadband crystal harmonic generator 
is suitably mounted in a waveguide 
flange and is provided with an input 
matching section so that input drive 
power may be applied directly to the 
crystal element. Signal generators in the 
9 to 20 GC range supply power to this 
input flange and thence to the crystal 
element which generates harmonics with 
very low conversion loss. The desired 
second harmonic signal is separated 
from higher harmonics by use of a low 
pass filter which follows the harmonic 
generation section. This low pass filter 
is specifically designed for broad stop 
band characteristics and is similar to the 
@ Models K/R362A (page 186) .  

To provide accurate attenuation capa- 
bilities and true signal generator action, 
a 100 db dual rotary vane attenuator 
follows the low pass filter. This attenu- 
ator allows the desired rf power to be 
reduced 100 db and results in conveni- 
ent power setting for many measure- 
ments. 
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A power monitor section consists of 
a meter calibrated in dbm which re- 
sponds to the harmonic generation crys- 
tal current. This meter provides for 
monitoring the rf output power level 
within t 1.5 db to t 3 db, depending 
on the frequency range involved. The 
power monitor is set to the desired ref- 
erence by using the level attenuators in 
the driving source. 

Model 938A/940A Frequency Dou- 
bler Sets are specially designed to be 
driven with @ 626 or 628A Signal Gen- 
erators and, since their conversion loss 
is between 17 and 18 db, output power 
typically runs between 0.5 milliwatts 
and 1 milliwatt when these driving sig- 
nal generators are run at full output. 
Furthermore, since the doubler sets are 
broadband devices they will convert 
swept frequency signals as well as CW 
to higher frequencies. Thus ,@ Models 
686C and 687C BWO Sweep Oscilla- 
tors may also be used as the driving 
source. This capability provides for ex- 
tremely useful swept frequencies in the 
18 to 40 GC frequency range. 

Modulation characteristics of the 
driving source are preserved and the 
doubler set output may be CW, pulse 
modulated, square wave modulated or 
frequency modulated. 

Swept frequency output, of course, 
gives the capability of making reflec- 
tometer measurements in K and R bands 
hitherto not possible because of a lack 
of swept sources in the 18 to 40 GC 
range. 

25- 

0 

Sweep Oscillators 

In addition to precision signal gener- 
ators, @ offers six sweep oscillators cov- 
ering the frequencies in the range 1.0 to 
18.0 GC. These oscillators have voltage- 
tuned backward wave tubes which gen- 
erate CW and swept frequencies with a 
wide variety of modulation capabilities. 
Most provide high output levels of at 
least 10 milliwatts (50 milliwatts for 
the 682C, 5 mw for the 687C) into a 
matched load. The rf output frequency 
sweeps linearly with time and both the 
desired frequency sweep, a f ,  as well as 
the rate of change of frequency are se- 
lectable individually in direct reading 
switch positions on the front paoel. The 
rf output frequency may be swept slowly 

--c 
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enough for presentation on an X-Y re- 
corder or fast enough for no-flicker pre- 
sentation on an oscilloscope. 

Swept frequency techniques are us- 
able for a wide variety of waveguide in- 
strument and component testing. The 
@ pioneered reflectometer system (pages 
172, 173) ,  depends on swept frequency 
sources for its fast, wide band presenta- 
tion of SWR measurements. These 
swept frequency test techniques are used 
extensively in the Hewlett-Packard 
waveguide testing department for both 
speedy and comprehensive tests on all 
microwave components. X-Y recorder 
plots of SWR and of attenuation versus 
frequency are just two of the typical 
m eas ur eme n t s m a de. Reflect ome t er 
techniques assure that no hidden spuri- 
ous responses will slip through unno- 
ticed on a microwave component. Broad- 
band insertion loss tests on flap attenua- 
tors, for instance, assure that the attenu- 
ation versus frequency curve does not 
go out of specification. 

@ sweep frequency generators are 
used extensively in the @ microwave 
development laboratories for broad- 
band, “quick look” information on the 
new components under development. 
They eliminate many of the tedious 
point-by-point measurements previously 
required in a waveguide component de- 
velopment program. 

Level Output From 
Sweep Oscillators 

A new feature of the “C” series of 
@ 680 sweep oscillators, which contrib- 

utes to their general usefulness, is a sim- 
ple open loop control system which 
maintains the rf output nearly constant. 
This practical system varies the anode 
voltage of the backward wave tube in 
accordance with the changing helix volt- 
age so that the typical rf output varia- 
tions of the backward wave oscillator 
are removed. Only the minor variations, 
which are usually less than -I 1.5 db are 
left. The curves in Figure 7 show the 
effectiveness of this inexpensive control 
system in a typical @ 682C. 

Models 686C and 687C are addition- 
ally useful now with the introduction of 
the 938/940A frequency doubler sets, 
since their output power is sufficient to 
provide up to y2 milliwatt output from 
the frequency doubler sets in the 18 to 
36 GC region. For maximum power 
output to drive the doubler sets at best 
efficiency, a front panel switch on the 
686C and 687C permits the open loop 
leveler to be turned off. A cathode cur- 
rent control further provides for reduc- 
ing cathode current of the backward 
wave oscillator tube when the full out- 
put is not required. 

The new backward wave oscillators 
feature a direct connection to the back- 
ward wave tube grid which can provide 
extremely fast rf rise and decay times 
for many fast pulse requirements. Typi- 
cal rise times on the order of 50 nano- 
seconds and decay times on the order of 
100 nanoseconds may be obtained by the 
use of this external modulation capabil- 
ity. Using this external modulation al- 
lows extremelfnarrow pulses to be gen- 
erated. -c 
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@ 6 0 6 A  HF SIGNAL GENERATOR 

Convenience and Utility in a 50 KC to 65 MC Signal Generator 

Advantages: 

Wide range. Includes 30 and 60 MC IF bands 
Constant output level 
Constant modulation level 
Wide modulation capabilities 
3 volt output into 50 ohms 
Crystal calibrator insures exact frequencies 
Low envelope distortion 

Uses: 

Measuring receiver and IF circuit gain, selectivity 

Driving bridges, antennas, filters 
Measuring harmonic distortion of AM receivers 

and image rejection 

Figure I. Dual-trace presentation comparing modulated output from 
@ 606A with internal 1 KC modulating waveform (positioned 
closely above rf envelope). 

Here in the @ 606A is the most convenient and versatile 
signal generator ever manufactured. Its wide frequency and 
output range and excellent modulation characteristics fit the 
606A for many measurements.1 

Constant Output- Modulation 

A feedback circuit maintains both output level and percent 
modulation essentially constant over the entire frequency 
range. Thus, it is usually unnecessary to readjust either the 
output level or modulation controls when conducting meas- 
urements at various frequencies. Even the output level can be 
varied without seriously affecting percent modulation. An- 
other advantage provided by the feedback circuit is the re- 
duction of envelope distortion during modulation. 

Low Distortion 

Because envelope distortion is low, overall distortion 
measurements may be made on high-fidelity AM receivers 
by applying the @ 606A output to the receiver's antenna 
terminals (see Figure I ) .  

Broad Modulation Bandwidth 

@ 606A may be modulated with signals from dc to 20 
KC, by square waves and other complex signals. Square wave 

'See Arthur Fong, "Special Purpose Performance in a General Pur- 
pose 50 KC to 65 MC Signal Generator," Hewlett-Packard Journal, 
Vol. 10, No. 8, April, 1959. 
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Figure 2. Dual-trace presentation showing carrier in the broadcast 
band-modulated by a 1 KC square wave. 

and pulse modulation of the carrier permit examination of 
the overall transient and pulse response of receivers. Such 
modulation characteristics permit tone-burst modulation and 
remote programming as well as the more conventional appli- 
cations. 

8 606A - 34A Output Termination (1O:l) and IRE 
dummy antenna. See “Accessories Available” under “Speci- 
fications.” 

This multipurpose termination further enhances the use- 
fulness of the @ 606A by: 

providing a matched 50-ohm termination and reducing 
the source impedance to 25  ohms. 
providing a 20 db (10:1) divider which also reduces 
source impedance to 5 ohms. 
providing a dummy antenna having the IRE standard 
characteristics for receiver measurements. 

Specifications @ 6 0 6 A  

Frequency Range: 50 KC to 65 MC in six bands: 

50 - 170 KC 1.76 - 6.0 MC 
165 - 560 KC 5.8 - 19.2 MC 
530 - 1800 KC 19.0 - 65.0 MC 

Frequency Accuracy: Within f 1 c/c. 
Frequency Calibrator: Crystal oscillator provides check 

points at 100 KC (useful to 6 MC) ,  and 1 MC intervals 
(useful to 65 MC) accurate within o.OlY, from oo to 
50’ C. 

RF Output Level: Continuously adjustable from 0.1 pv to 
3 volts into a 50 ohm resistive load. Calibration is in volts 
and dbm ( 0  dbm is 1 milliwatt or 0.223 volts rms into 
50 ohms). 

Output Accuracy: Within i 1 db into 50 ohm resistive 
load. 

Frequency Response: Within ir 1 db into 50 ohm resistive 
load over entire frequency range at any output level 
setting. 

Output Impedance: 50 ohms, SWR less than 1.1 on 0.3 
volt range; on 1 v and 3 v ranges, less than 1.1 to 20 MC 
and less than 1.2 to 65 MC. BNC output connector mates 
with UG-88A/B/C/D. 

Spurious Harmonic Output: Less than 3%. 

Leakage: Negligible; permits receiver sensitivity measure- 

Amplitude Modulation: Continuously adjustable from 0 
to 100%. Indicated by a panel meter. Modulation level is 
constant within 0.5 db regardless of carrier frequency 
and output level changes. 

Internal Modulation: 0 to loocjc sinusoidal modulation at 
400 cps k 5 %  or 1,000 cps i: 5 % .  Internal modulation 
voltage appears at modulation jack. 

Modulation Bandwidth: DC to 20 KC maximum, depends 
on carrier frequency, f,, and percent modulation as shown 
in the following table: 

Max. Mod. 30% M o d .  70% M o d .  Squaiewave M o d .  

Frequency 0.06 f ,  0.02 f ,  0.003 f ,  ( 3 K C m a x )  

External Modulation: 0 to 100% sinusoidal modulation dc 
to 20 KC. 4.5 volts peak produces 100% modulation at 
modulating frequencies from dc to 20 KC. Input imped- 
ance is 600 ohms. May also be modulated by square waves 
and other complex signals. 

ments down to at least 0.1 microvolt. 

Envelope Distortion: At output levels of 1 v or less, less 
than 1% at 30% modulation, less than 37h from 0 to 
70% modulation using internal 400/1,000 cps source. 

Modulation Meter Accuracy: Within t 5cjc, 0 to 90%. 

Incidental FM: At 1 v or less output and 30% amplitude 
modulation: 0.00257. or 100 cps, whichever is greater. 

Spurious FM: Less than 0.Ooo~cjc or 4 20 cps, whichever 
is greater. 

Spurious AM: Hum and noise sidebands are 70 db below 
carrier down to thermal level of 50-ohm output system. 

Frequency Drift: Less than O.Ooj( ldc or 5 cps, whichever is 
greater, for a 10-minute period after warmup or restabik 
zation at frequency of use. 

Power: 115/230 v ir lo%,  50 to 1,000 cps, 135 watts 

Dimensions: Cabinet Mount: 203/4/’ wide, 121/” high, 
14%“ deep. Rack Mount: 1.9” wide, lol/‘’ high, 133/*’’ 
deep behind panel. 

Weight: Net 46 Ibs. Shipping 57 lbs. (cabinet mount). 
Net 43 Ibs. Shipping 58 lbs. (rack mount). 

Accessories Available: @ 606A-34~4 Output Termination 
with 50 ohms termination, 5 ohms termination (10:1 volt- 
age division), and IRE standard dummy antenna (10: 1 
voltage division). $70.00. 

Price: @ M A ,  $1,350.00 (cabinet) ; @ 606AR, $1,335.00 
(rack mount). 

Data subject t o  chatige without notice. 
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@ 608C/D VHF SIGNAL GENERATORS 

Finest Tools Available for Measurements 1 0  to 480 MC 

Advantages: 

Wide range, direct calibration 

Convenient operation 

Incidental FM less than 1 KC 

Drift less than 0.0OjyO 

High power output 

Microsecond pulsing 

Broad modulation capabilities 

Uses: 

Testing and aligning vhf communications receivers 

Measuring gain, sensitivity, selectivity, image 
rejection of receivers, IF amplifiers, broadband am- 
plifiers, and other vhf equipment 

Driving bridges, slotted lines, antennas, filter 
networks, etc. 

Hewlett-Packard 608C/D are designed as broadly appli- 
cable vhf signal generators. They offer the highest stability 
attained in production equipment of their type. There is 
almost a complete absence of incidental FM (less than 1 KC 
for the 608D) and frequency drift is held low despite line 
voltage variations. This performance is possible because of 
the master oscillator output amplifier construction and close 
filament regulation of the tubes. 

Premium Quality 608D 

Output of the 608D is calibrated from 0.1 pv to 0.5 v 
throughout the frequency range of 10 to 420 MC. A built-in 
crystal calibrator provides accurate frequency check points in 
1 and 5 MC steps throughout range. Modulation capabilities 
are extremely broad allowing pulse and transient testing of 
vhf receivers. At the same time, envelope distortion, inciden- 
tal FM and drift are kept low so that measurements of high- 
slope narrow band circuits are accurate and reliable. Low 
incidental FM is the result of using a buffer amplifier be- 
tween the master-oscillator and power amplifier. Pulses as 
short as 1 p e c  are available at rf output frequencies above 
100 MC. Percentage modulation is read directly on the front 
panel meter 
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Finest Construction 
An important feature of @ 608D is the mechanical design 

and construction employed throughout, Aluminum castings 
and cabinets reduce weight at no sacrifice in strength or rug- 
gedness. Circuitry is clean and accessible. Dial, capacitor and 
turret drives are all precision built and ball-bearing equipped. 
Variable capacitors are specially manufactured by @ and 
feature electrically welded Invar low temperature steel plates 
to minimize drift. Sealed transformers are used throughout, 
and construction is militarized. 

Q$ 608C vhf Signal Generator 
The @ 608C is a high power, stable, and highly accurate 

vhf signal generator for general laboratory and field use. 
Utilizing a master oscillator-power amplifier circuit, Model 
608C provides 1 volt maximum output and a broad fre- 
quency coverage of 10 to 480 MC. It may be AM modulated 
to 95% and provides high quality pulses as short as 1 psec 
at rf output frequencies above 100 MC. As in @ 608D, rf 
leakage is negligible, and the rf attenuator is calibrated to 
0.1 pv. 

@ 608c is especially suited for measurements of gain, 
selectivity, sensitivity or image rejection of receivers, IF  
amplifiers, broadband amplifiers and other vhf equipment. 
It also provides ample output for driving bridges, slotted 
lines, transmission lines, antennas, filter networks, and other 
circuits operating in the vhf band. 

(2 b00A-IbD 

Accessories 
Terminated Output Cable, @ 608A-l6D, is designed for 

use with @ 608D and 608C vhf Signal Generators. It pro- 
vides an accurate termination which may be directly con- 
nected to the point of a circuit at which the signal voltage 
is to be injected. 

Another accessory, the @ 608A-95A Fuseholder is partic- 
ularly useful for these signal generators when tests on trans- 
ceivers are being made. The Fuseholder protects the output 
attenuator of the signal generator should the transmitter be 
keyed while the 608 is connected to the antenna. 

Specifications 
@ 608D 

Frequency Range: 10 to 420 MC, 5 bands. 
Tuning Control: Main dial calibrated in MC. Vernier inter- 

polation dial. 45” scale length. Calibrated every other 
MC, 130 to 270 MC; every 5 MC, above 270 MC. 

Frequency Calibration: Accuracy: t 0.5 % full range. 
Resettability: Better than t 0.1% after warmup. 
Crystal Calibrator: Provides frequency check points every 

1 MC (useful to 270 MC) or 5 MC over the range of the 
instrument. Headphone jack provided for audio frequency 
output (headphones not included). Crystal frequency ac- 
curacy better than 0.01% at normal ambient temperatures. 

Cursor on frequency dial adjustable over small range to 
aid in interpolation adjustment. Calibrator may be turned 
off when not in use. 

Frequency Drift: Less than 0.005% over a 10 minute inter- 
val after initial instrument warmup (15’ c to 35’ c 
ambient). When frequency is changed by dial, instrument 
must restabilize one minute for each 10% frequency 
change. When frequency is changed by bandswitching, 10 
minutes are required to restabilize. 

Output Level: 0.1 pv to 0.5 v into 50-ohm resistive load. 
Attenuator dial calibrated in volts and dbm. ( 0  dbm 
equals 1 mw.) 

Voltage Accuracy: t 1 db full range. 
Generator Impedance: 50 ohms, maximum SWR 1.2. 
Modulation Percentage: 0 to 95% at output of 0 dbm and 

below. 
Envelope Distortion: Less than 5 %  at 30% sine wave mod- 

ulation; less than 10% at 50% sine wave modulation. 
Internal Modulation: 400 cps f 10% and 1,000 cps t 10%. 
External AM Modulation: 0 to 95% at output levels of 0 

dbm and below at modulation frequencies 20 cps to 20 
KC. Input requirements: 0.5 v rms across 15,000 ohms. 

External Pulse Modulation: Positive 5 volt peak pulse re- 
quired. 40 MC to 220 MC; combined rise and decay time 
of rf pulse less than 4 psec. 
220 MC to 420 MC: combined rise and decay time of rf 
pulse less than 1 psec. 
Residual level at least 20 db below 0.5 volt peak pulse 
output. 

Modulation Meter Accuracy: + I O %  of full scale, 30% to 
95 % modulation. 

incidental FM: Less than 1,000 cycles at 50% AM for rf 
output frequencies above 100 MC; less than 0.001% 
below 100 MC. 

Leakage: Negligible; permits sensitivity measurements to at 
least 0.1 pv. 

Filament Regulation: Provides high oscillator and amplifier 
stability for line voltage change. 

Power: 115/230 v ir 1070, 50/1,000 cps, 220 watts. 
Dimensions: Cabinet Mount: 13%” wide, 16%“ high, 21” 

deep. Rack Mount: 19” wide, 14” high, 183/s” deep be- 
hind panel. 

Weight: Net 62 lbs. Shipping 74 lbs. (cabinet). Net 62 lbs. 

Accessories Available: 608A-16D Output Cable, $18.06: 
AC-16K Video Cable Assembly, $6.50; AC-16F rf Cable 
Assembly, $15.00; 360A Low Pass Filter, $60.00; 608A- 
95A Fuseholder, $25.00. 

Price: @ 608D, $1,200.00 (cabinet) ; @ 608DR, $1,220.00 
(rack mount). 

@ 608C 

Shipping 91 lbs. (rack). U‘ 

Same as @ 608D, except: 
Frequency Range: 10 to 480 MC, 5 bands. 
Frequency Calibration Accuracy: t 1% full range. 
Crystal Calibrator: In Model 608D only. 
Output Level: 0.1 pv to 1.0 v into 50 ohm resistive load. 
Incidental FM: Less than 0.0025% at 30% amplitude mod- 

Price: @ GUE, $1,100.00 (cabinet) ; @ 608CR, $1,120.00 
ulation for rf output frequencies 21  to 480 MC. 

(rack mount). 

Data subject to change without notice. 
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@ 6 1 2 A  UHF SIGNAL GENERATOR 

All-Purpose Uhf Signal Generator 450 to 1230 MC 

Advantages: 

U s e  

Output 0.5 v over full range 

Uhf-TV modulation characteristics 

Direct calibration 

CW, AM and pulse output 

Low incidental FM 

Constant internal impedance 

Microsecond pulsing 

No charts or interpolation 

To: 

Measure gain, selectivity, sensitivity 
and image rejection of receivers and amplifiers 

Drive bridges, slotted lines, antennas 
and filter networks 

Test uhf-TV equipment under actual 
modulation conditions 

Here is an all-purpose, precision signal generator particu- 
larly designed for utmost convenience and applicability in 
measurements throughout the important uhf-TV frequency 
band. It is ideally suited for measurements in uhf television 
broadcasting, studio-transmitter links, public service commu- 
nications, citizen’s radio, marine communication systems, and 
aeronautical radio-navigation networks. In the laboratory it 
is also a convenient power source for driving bridges, slotted 
lines, antennas and filter networks. 

MO-PA Circuit 

The master oscillator-power amplifier circuit in @ 612A 
provides a high output power of 0.5 v into 50 ohms over the 
full frequency range of 450 to 1,230 MC. There is very low 
incidental FM (less than 0.002% at 30% AM) and excel- 
lent modulation capabilities by all frequencies from 20 cps to 
5 MC. The instrument may be modulated internally or exter- 
nally, amplitude modulated, or pulse modulated (good rf 
pulses 0.2 psec or longer). Pulse modulation may be applied 
to the amplifier, or direct to the oscillator when high on-off 
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signal ratios are required. (Signal may be completely cut off 
during pulses.) A dc restorer circuit allows modulation up 
or down from preset level to simulate TV modulation char- 
acteristics accurately. The large, easily read percentage modu- 
lation meter responds to peak value, indicating degree of 
pulse modulation. 

4 5 0  - 1230 MC 

0 SC I L L  ATOR 
C A R R I E R  - 

Advanced Design 

The oscillator-amplifier circuit in @ 612A employs high 
frequency pencil triodes in a cavity-tuned circuit for precise 
tracking over the entire band. The tuned cathode, tuned-plate 
oscillator drives a double-tuned power-amplifier of 1 5  MC 
bandwidth. (This circuitry produces the high modulation 
percentages to 5 MC and minimum incidental FM which 
characterize the instrument.) 

Non-contacting cavity plungers are die cast to precise tol- 
erances, then injection molded with a plastic filler for opti- 
mum Q. The frequency drive is a direct screw-operated 
mechanism, free from backlash. A waveguide beyond cutoff 
piston attenuator and crystal monitor circuit are used to in- 
sure accurate, reliable output down to 0.1 pv. The attenuator 
is calibrated over a range of 131 db. It has been carefully 
designed to provide a constant impedance versus frequency 
characteristic. The SWR of the output system is less than 1.2 

over the complete frequency range when used into a 50 ohm 
impedance. 

R .  F. 0 - 1 3 1  D.6 
A M P L I F I E R  A T T E N U A T O R  

F R E Q U E N C Y  

?---/-- -7 
/ / 

I I d l  
R.F. 

O U T P U T  
S I N E  P U L S E  WAVE OR 4-1 A M P L I F I E R  MODULATION 

X MODULATION 
OSCl  LLATOR 

I 

Figure I .  Block diagram, @ 612A Signal Generator. 

The @ 612A covers the 450 to 1,230 MC band in one 
continuous range. The tuning dial has an expanded scale 
that covers 1 5  inches and is calibrated every 5 megacycles. 
The dial can be read to approximately 1 megacycle and is 
accurate within 1%. 

Specifications 

Frequency Range: 450 to 1,230 M C  in one band. Scale 
length approximately 15 inches. 

Calibration Accuracy: Within 1 %. Resettability better 
than 5 MC at high frequencies. 

Output Voltage: 0.1 pv to 0.5 v into 50 ohm load. Cali- 
brated in volts and dbm ( 0  dbm = 1 mw). 

Output Accuracy: 1 db, 0 to -127 dbm over entire 
frequency. 

Internal Impedance: 50 ohms. Maximum SWR 1.2. 

Leakage: Negligible. Permits receiver sensitivity rneasure- 
ments down to 1 pv. 

Amplitude Modulation: 0 to 90% at audio frequencies, in- 
dicated by panel meter. Accuracy, &lo% of full scale, 
30% to 90% modulation. 

Incidental FM: Less than 0.002G/o for 30% AM. 

Internal Modulation: 400 cps and 1,000 cps -+ 10%. En- 
velope distortion less than 2% at 30% af modulation. 

External Modulation: 20 cps to 5 MC. Above 470 MC, 2 Y 
rms produces 85% AM at modulating frequencies up to 
1 MC; at least 40% AM at 5 MC. Modulation may be up 
or down from the carrier level or symmetrical about the 
carrier level. Positive or negative pulses may be applied 
to increase or decrease rf output from the carrier level. 

Pulse Modulation: Pulse 1, (pulse applied to amplifier) posi- 
tive or negative pulses, 4 to 40 v peak produce an rf on- 
off ratio of at least 20 db. Minimum rf output pulse length, 
0.2 psec. 

Pulse 2, (pulse applied to oscillator) positive or negative 
pulses, 4 to 40 v peak. No rf output during off time. Mini- 
mum rf output pulse length, 1 .O sec. 

p** 

Power: 115/230 v t lo%,  50/1,000 cps, 215 watts. - 
Dimensions: Cabinet Mount: 131/2” wide, 16%” high, 

21$5” deep. Rack Mount: 19” wide, 14/’ high, 201/” 
deep behind panel. 

Weight: Net 57 Ibs. Shipping 69 Ibs. (cabinet mount). 
Net 57 lbs. Shipping 93 Ibs. (rack mount), 

Accessories Available: AC-16F rf Cable Assembly, $1 5.00; 
AC-16K Video Cable Assembly, $6.50; 360B Low Pass 
Filter (may be used where harmonic output must be re- 
duced to a minimum, as in slotted line measurements), 
$60.00. 

Price: @ 61-2A, $1,300.00 (cabinet) ; @ 612AR, $1,320.00 
(rack mount). 

Data subject to change without notice. 
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@ 614A/6168 UHF SIGNAL GENERATORS 

Direct Reading, Direct Control 800 to 2,100 MC, 1.8 to 4.2 GC (KMC) 

Advantages: 

Direct frequency control 

Direct voltage readings 

CW, FM or pulsed output 

Variable pulse rate 

Synchronized pulsing 

Wide frequency range 

High stability 

Rugged, compact, dependable 

Use To Measure: 

Receiver sensitivity 

Signal-to-noise ratio 

Conversion gain 

Standing wave ratios 

Antenna gain 

Transmission line characteristics 

Ease of operation, direct reading without calibration charts, 
one-dial frequency control, high stability, accuracy and broad 
frequency coverage-all are outstanding advantages of these 
two widely-used @ signal generators. 

@ 614A covers frequencies from 800 to 2,100 MC, has 
constant internal impedance with less than 1.6 SWR, and 
output accuracy of c 1 db over the range of -10 dbm to 
-127 dbm. 

@ 616B gives complete coverage of frequencies from 1.8 
to 4.2 GC, has constant internal impedance with less than 
1.8 SWR, and output accuracy of -C 1.5 db from -7 dbm 
to -127 dbm. 

On both instruments, operation is extremely simple. Car- 
rier frequency is set and read directly on the large tuning 
dial. No voltage adjustments are necessary during operation 
because of the coupling device which causes oscillator repeller 
voltage to track frequency changes automatically. Oscillator 
output is set and read directly on a simplified dial. Output 
may be continuous or pulsed, or frequency modulated at 
power supply frequency. Pulse modulation may be provided 
externally or internally. Internal pulsing may be synchronized 
with either positive or negative external pulses, or sine waves. 

The oscillator portion of both the @ 614A and 616B 
consists of a reflex klystron in an external coaxial resonator. 
Frequency of oscillation is determined by a movable plunger 
which varies the resonant frequency of the resonator. Oscil- 
lator output is monitored by a temperature-compensated ther- 
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mistor bridge circuit which is virtually unaffected by am- 
bient temperature conditions. Voltage output is read directry 
on the scale. A logging scale on the frequency dial provides 
a resettability of 0.1%. 

A piston attenuator in the power monitor circuit is me- 
chanically coupled to the cursor of the output attenuator dial 
to compensate for variations in klystron output as frequency 
is changed. Output power is passed through another identical 
piston attenuator which is linear over a range of 120 db or 
more, 

Because of their wide range and great stability, @ 614A 
and 616B Signal Generators are ideal for almost all precision 
uhf measurements. They are compact in size and ruggedly 
built of highest quality components for long, trouble-free 
service. 

Specifications 
@ 614A 

Frequency Range: 800 to 2,100 MC directly calibrated. 
Frequency Calibration: Accuracy 2 1 % 
Frequency Stabilit : O.O05%/”C change in ambient tem- 

perature. Line vo I tage changes of r+ 10% cause less than 
0.03% frequency change. 

pv) calibrated directly in volts and dbm. 

dbm. 

Attenuator Range: 0 dbm to -127 dbm (0.223 v to 0.1 

Attenuator Accuracy: + 1 db from -10 dbm to -127 

Output Power: At least 0.5 mw. 
Internal Impedance: 50 ohms. SWR less than 1.6. 
Modulation: Internal or external pulse or FM. 
Internal Pulse Modulation: Pulse repetition rate variable 

from 40 to 4,000 per second; pulse length variable from 
1 to 10 p e c ;  delay variable from 3 to 300 psec between 
synchronizing signal and rf pulse. 

External Pulse Modulation: By external pulses, pos. or neg. 
peak amplitude 40 to 70 v, width 1.0 p e c  to 2,500 pec .  
May be square wave modulated. 

Trigger Pulses Out: (1) Simultaneous with rf pulse. (2 )  In 
advance of rf pulse, variable 3 to 300 pec .  (Both approx. 
1 psec rise time, amplitude 10 to 50 v.) 

External Sync Pulse Required: Amplitude from 10 to 50 v 
of either pos. or neg. polarity; and 1 to 20 psec width. 
May also be synchronized with sine waves. 

FM Modulation: Oscillator frequency sweeps at power line 
frequency. Phasing and sweep range controls provided. 
Max. deviation approx. 3 MC. 

Power: 115/230 v +- lo%,  50/1,000 cps, 150 watts. 
Dimensions: Cabinet Mount: 171/” wide, 135/s” high, 

131/2” deep. Rack Mount: 19’’ wide, 14’’ high, 12y8” 
deep behind panel. 

Net 57 Ibs. Shipping 80 lbs. (rack mount). 
Weight: Net 58 Ibs. Shipping 8 2  lbs’. (cabinet mount). 

Accessories Furnished: 1 AC-l6F rf Cable Assembly. 
Accessories Available: 360C Low Pass Filter, $50.00. 

Price: @ 614A, $1,950.00 (cabinet) ; @ 614AR, $1,970.00 

@ 616B 

Frequency Range: 1.8 to 4.2 GC (KMC), directly cali- 

AC-l6K Video Cable Assembly, $6.50. 

(rack mount). 

brated. 

Frequency Calibration Accuracy: f 1%. 

Frequency Stability: 0.005 %/“C change in ambient tem- 
perature; line voltage changes of 10 v cause less than 
0.03% frequency change. 

Output Range: 1 milliwatt or 0.223 v to 0.1 pv ( 0  dbm 
to -127 dbm). Directly calibrated in microvolts and 
dbm; continuously monitored. 

Attenuator Accuracy: Within t 1.5 db from -7 dbm to 
- 127 dbm without correction charts. 

Internal Impedance: 50 ohms, nominal. SWR less than 1.8. 

Modulation: Internal or external pulse or FM. 
Internal Pulse Modulation: Repetition rate variable from 

40 to 4,000 per second; pulse length variable from 1 to 
10 psec; and delay variable from 3 to 300 p e c  (between 
synchronizing signal and rf pulse). 

External Pulse Modulation: Pulse requirements: Amplitude 
from 40 to 70 v positive or negative, width 1 p e c  to 
2,500 psec. May be square wave modulated. 

Trigger Pulses Out: (1) Simultaneous with rf pulse. ( 2 )  In 
advance of rf pulse, variable 3 to 300 psec. (Both ap- 
proximately 1.0 p e c  rise time, amplitude 10 - 50 volts.) 

External Sync Pulse Required: Amplitude from 10 to 50 
volts of either positive or negative polarity and 1 to 20 
p e c  width. May also be synchronized with sine waves. 

F M  Modulation: Oscillator frequency sweeps at power line 
frequency. Phasing and sweep range controls provided. 
Maximum deviation approximately t 3 MC. 

Power: 115/230 v + l o%,  50/1,000 cps, 160 watts. 
Dimensions: Cabinet Mount: 171/‘’ wide, 13y8” high, 

13%” deep. Rack Mount: 19” wide, 14tf high, 12%” 
deep behind panel. 

Weight: Net 58 lbs. Shipping 79 Ibs. (cabinet mount). 
Net 59 Ibs. Shipping 80 lbs (rack mount). 

Accessories Furnished: 1 AC-16F rf Cable Assembly. 
Accessories Available: 360D Low Pass Filter, $50.00. 

Price: @ 616B, $1,950.00 (cabinet) ; @ 616BR, $1,970.00 
AC-16K Video Cable Assembly, $6.50. 

(rack mount), 

Data subject to change without notice. 

L 

FREQUENCY 
Q 

I 
Figure I .  Block diagram, @ 614A/616B Signal Generator. 
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@ 6188 /620A SHF SIGNAL GENERATORS 

Widely Varied Pulsing Capabilities for Measurements 3,806 to 11,000 MC 

Advantages: 

Direct reading frequency control 

Direct output voltage control 

Internal FM, CW, pulsed or square wave 
modulation 

Broad pulsing capabilities 

Wide frequency range 

High stability, high accuracy 

Sturdy, compact, precision built 

Use To Measure: 

Receiver sensitivity 

Selectivity or rejection 

Signal-to-noise ratio 

Conversion gain, SWR 

Antenna gain 

Transmission line characteristics 

Hewlett-Packard 618B and 620A shf Signal Generators 
bring the simple yet versatile operation and the varied puls- 
ing capabilities of @ uhf Signal Generators to the 3,800 to 
11,000 MC frequency range. 

These generators offer internal or external pulse modu- 
lation, internal square wave modulation, and FM. The repeti- 
tion rate is continuously variable from 40 to 4,000 pps, and 
pulse width is variable from 0.5 to 10 miscroseconds. Sync- 
out signals are simultaneous with the rf pulse, or in advance 
of the rf pulse by any time span from 3 to 300 microseconds. 
The instruments may be synchronized with an external sine 
wave or with positive or negative pulse signals. 

Saw-tooth Sweep 

For internal frequency modulation, both @ 618B and 
620A have a saw-tooth voltage variable from 40 to 4,000 cps 
providing a frequency deviation variable up to I+ 3 MC. 
For external FM, the instruments provide capacitive coupling 
to the repeller of the klystron oscillator. Maximum deviation 
is approximately i: 5 MC. 

Both generators maintain the same high standards of 
accuracy found in @ vhf and uhf Signal Generators. Both 
also feature the same simple operation. Carrier frequency is 
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set and read directly on the large central tuning dial. (Cali- 
bration of this dial is linear.) No voltage adjustments are 
necessary during operation because of an @ developed coup- 
ling device which causes oscillator repeller voltage to track 
frequency changes automatically. RF output is also set and 
read directly; no calibration charts are needed either for volt- 
age or frequency control or determination. A logging scale 
on the frequency dial permits you to reset frequencies within 
0.1%. 

Reflex Klystron Oscillator 

The 618B and 620A Generators both feature oscillators 
of the reflex klystron type, with external resonant cavity. 
Oscillator frequency is determined by a movable plunger 
which varies the length of the cavity. Oscillator output is 
monitored by a temperature-compensated thermistor bridge 
circuit. This circuit operates virtually unaffected by ambient 
temperature conditions. Identical piston attenuators couple 
power to the monitor and output terminal. The power moni- 
tor attenuator is linked to the output attenuator cursor to 
compensate for klystron output variation as frequency is 
changed. 

Models 618B and 620A are designed to be the most 
broadly useful, accurate and dependable signal generators 
available in their frequency ranges. Their high stability, 
broad frequency coverage, precision accuracy and varied 
pulsing capabilities make them ideal for virtually all meas- 
urements requiring precisely known and controllable shf 
signals. They are sturdily built of the best components, many 
parts being specially manufactured for or by Hewlett-Pack- 
ard. Circuitry is clean and accessible. The generators are 
designed for years of dependable service with little or no 
maintenance. 

Specifications 

@ 6188 

Frequency Range: 3,800 to 7,600 MC covered in a single 
band. Repeller voltage automatically tracked and proper 
mode automatically selected. 

Calibration: Direct reading. Frequency calibration accuracy 
better than 1%. 

Frequency Stability: Frequency variation less than 0.0067h 
per degree centigrade change in ambient temperature. 
Line voltage change of t 10 volts causes less than 0.02% 
frequency change. 

Output Range: 1 milliwatt or 0.223 volt to 0.1 microvolt 
( 0  dbm to - 127 dbm) into 50 ohms. Directly calibrated 
in microvolts and db (coaxial Type N connector). 

Output Accuracy: Within t 2 db - 7 dbm to - 127 dbin 
into 50 ohms. 

Internal Impedance: 50 ohms nominal. SWR less than 2. 

Modulation: Internal or external pulse, FM, square wave. 

Internal Pulse Modulation: Repetition rate variable from 
40 to 4,000 pps, pulse width variable 0.5 to 10 psec. 

Sync O u t  Signals: (1.) Simultaneous with rf pulse-posi- 
tive (2 . ) .  In advance of rf pulse-positive, variable 3 to 
300 pec .  (Better than 1 psec rise time and 25 to 100 volts 
amplitude into 1,000 ohm load.) 

External Synchronization: (1.) Sine wave: 40 to 4,000 CPS, 

amplitude 5 to 50 volts rms. (2 . )  Pulse signals: 0 to 
4,000 pps and 5 to 50 volts amplitude, both positive and 
negative, pulse width 0.5 to 5 pec ,  rise time 0.1 to 1 psec. 

Internal Square W a v e  Modulaiion: Variable 40 to 4,000 
cps, controlled by “pulse rate” control. 

Internal Frequency Modulation: Saw-tooth sweep rate ad- 
justable between 40 to 4,000 cps. Frequency deviation up 
to t 3 MC. 

External Pulse Modulation: Pulse requirements: amplitude 
from 20 to 70 volts positive or negative, width 0.5 to 
2,500 psec. 

External Frequency Modulation: Provides capacitive coup- 
ling to repeller of klystron. Max. deviation approx. r+ 5 
MC. 

Power: 115/230 v *lo%, 50/60 cps, 250 watts. 

Dimensions: Cabinet Mount: 17y2” wide, 14ff high, 191/2’f 
deep. Rack Mount: 19” wide, 14” high, 17%‘‘ deep 
behind panel. 

Weight: Net 95 Ibs. Shipping 118 Ibs. (cabinet mount). 
Net 96 Ibs. Shipping 119 Ibs. (rack mount). 

Accessories Furnished: 1 AC-16Q rf Cable Assembly. 

Accessories Available: AC-16K Video Cable Assembly, 
$6.50. 

Price: @ 618B, $2,250.00 (cabinet) ; @ 618BR, $2,270.00 
(rack mount). *‘ 

-- @ 6 2 0 A  

(Same as @ 6 I 8 8  except as follows:) 

Frequency Range: 7,000 to 11,000 MC covered in a single 
band. Repeller voltage automatically tracked and proper 
mode automatically selected. 

Output Range: 1.0 milliwatt or 0.223 volt to 0.1 micro- 
volt ( 0  dbm to -127 dbm) into 50 ohms. Directly cali- 
brated in microvolts and db (coaxial Type N connector). 

Output Accuracy: Within r+ 2 db from -7 dbm to -127 
dbm; within t 3  db from 0 to -7 dbm, at panel connec- 
tor, terminated in 50 ohm load. 

Price: @ 6%A, $2,250.00 (cabinet) ; @ 620AR, $2,270.00 
(rack mount). 

Data subject to change without notice. 
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@ 6 2 6 A / 6 2 8 A  SHF SIGNAL GENERATORS 

Direct Reading, High Power 1 0  to 15.5 GC (KMC), 15 to 21 GC 

Advantages: 

Direct reading frequency control 

Direct reading output control 

10 mw output over full range 

CW, FM or pulsed output 

Internal square wave modulation 

Broad pulsing capabilities 

Low internal SWR 

High stability, high accuracy 

Sturdy, compact, precision-built 

With @ 938/940 Frequency Doubler Sets operates 
to 40 GC (KMC) . 

Use To Measure: 

Receiver sensitivity 

Selectivity or rejection 

Signal-to-noise ratio 

Conversion gain, SWR 

Antenna gain 

Transmission line characteristics 

Here are two @ signal generators which extend the meas- 
uring versatility, convenience and accuracy of @ vhf signal 
generators to 2 1  GC (KMC) . The @ 626A covers frequen- 
cies 10,000 to 15,500 MC, and the @ 628A covers frequen- 
cies 15,000 to 21,000 MC. 

In design and operation, the instruments are similar to 
@ generators for lower frequency ranges. Operation is very 
simple. Carrier frequency in MC is set and read directly on 
the large tuning dial. No voltage adjustment is necessary 
during tuning because repeller voltage is tracked with fre- 
quency changes automatically. Oscillator output is also set 
and read directly, and no frequency correction is necessary 
throughout operating range. A frequency logging scale per- 
mits frequency to be reset within 0.1%. 

The high power output of these signal generators make 
them ideally suited for driving @ 938A and 940A Fre- 
quency Doubler Sets (18 to 26.5 GC and 26.5 to 40 GC re- 
spectively). These Doubler Sets (see pages 146, 147)  retain 
the modulation of the driving source and have accurate 
power monitors and attenuators. 

Versatile Modulation 

Both @ 626A and 628A offer internal and external pulse 
modulation as well as internal squarewave modulation and 
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FM. Pulse repetition rate is continuously variable from 40 Specifications 
to 4,000 pps, and pulse width is variable from 0.5 to 10 

psec. Sync out signals are simultaneous with the rf pulse, or 
in advance of the rf pulse by any time span from 3 to 300 
pec .  The generators may be synchronized with an external 
sine wave and also with positive or negative pulse signals. 

For internal FM, both instruments feature a sine wave 
sweep at power line frequency. Frequency deviation is vari- 
able up to 2 5 MC. For external FM, the generators have 
capacitive coupling to the klystron oscillator repeller. 

M O D U L A T O R  

OIRECTIONAL 
POWER SUPPLY C O U P L E R  

 ROT ROTARY AT;?? ~ g 7 G:f:R 

OUTPUT 

OUTPUT LEVEL THERMISTOR 
M O U N T  

Figure I. Basic circuit, @ 626A/628A. 

Figure 1 shows the basic circuits of the @ signal gen- 
erators. The reflex klystron oscillator is tuned by a plunger 
driven by the direct-reading frequency dial and control. 
Repeller voltage is automatically tracked so that correct 
operating potentials are maintained over the entire frequency 
range. Klystron output is introduced into a power monitor- 
ing directional coupler through an attenuator which is ad- 
justed to provide a fixed reading on the power monitoring 
meter. The directional coupler provides uniform coupling 
over the entire frequency range. A rotary attenuator which 
follows the coupler assures high accuracy and stability be- 
cause the attenuation is governed by a precise mathematical 
law related to the angular rotation of the attenuator. The 
conductivity of the attenuating film does not affect the atten- 
uation; thus the output of the generator is independent of 
humidity, temperature or the effects of long term aging. The 
attenuator also provides low SWR over the complete fre- 
quency range. On both @ 626A and 628A, the output con- 
nector is waveguide. Adapters furnished permit the instru- 
ments to be connected to WR-42, WR-62 or WR-90 wave- 
guide. Thus the generators can be employed with all EIA 
(RETMA) guides suitable for the 10 to 21 GC range. 

Data subject to chaiage without notice. 

Frequency Range: 626A, 10,000 to 15,500 MC; 628A, 
15,000 to 21,000 MC. 

Frequency Calibration: Dial direct reading in megacycles. 
Accuracy better than k 1%. 

Output Range: 10 mw to 1 pw. ( + l o  dbm to -90 dbm, 
0 dbm = 1 mw.) Attenuator dial directly calibrated in 
output dbm. SWR less than 2.5 at + l o  dbm; 1.2 at 0 
dbm and lower. 

Output Monitor Accuracy: Better than I+ 1 db. 

Output Attenuator Accuracy: Better than + 2% of at- 
tenuation in db introduced by output attenuator. 

Leakage: Less than minimum calibrated signal generator 
output. 

Mocbulation: Internal or external pulsed, FM, or square 
wave. 

Internal Pulse Modulation: Repetition rate variable from 
40 to 4,000 pps. Pulse width variable 0.5 to 10 pec .  

Internal Square Wave Modulation: Variable 40 to 4,000 
cps controlled by “pulse rate” control. 

Internal Frequency Modulation: Power line frequency, de- 
viation up to & 5 MC. 

External Pulse Modulation: Pulse Requirements: Amplitude 
15 to 70 volts peak positive or negative; width 0.5 to 
2,500 pec .  

External Frequency Modulation: Provided by capacitive 
coupling to repeller of klystron. Maximum deviation ap- 
proximately t 5 MC. 

Sync Out Signals: Positive 20 to 50 volts peak into 1,000 
ohm load. Better than 1 p e c  rise time. 
( 1 )  Simultaneous with rf pulse. 
(2 )  In advance of rf pulse, variable 3 to 300 psec. 

External Synchronization: (1) Sine wave, 40 to 4,000 cps, 
amplitude 5 to 50 volts rms. 
(2 )  Pulse signals 0 to 4,000 pps, 5 to 50 volts amp& 
tude, positive or negative. Pulse width 0.5 to 5 psec. Rise 

Power: 115/230 v k lo%,  50/60 cps, approx. 200 watts. 
Dimensions: Cabinet Mount: 17” wide, 14” high, 15”  

deep. Rack Mount: 19” wide, 14” high, 12-13/16” deep 
behind panel. 

time 0.1 to 1 psec. c 

Weight: Net 65 Ibs. Shipping 83  Ibs. 

Accessories Furnished: @ 626A (a)  M X  29214 Waveguide 
Adapter, WR-75 to WR-90 guide. (b) M P  292A Wave- 
guide Adapter, WR-75 to WR-62 guide. 
@ 628A (a) N P  292A Waveguide Adapter, WR-51 to 
WR-62 guide. (b) N K  292A Waveguide Adapter, WR- 
5 1 to WR-42 guide. 

Accessories Available: @ AC-16K Video Cable Assembly, 
$6.50. For-’-@ 626A: M362A Low Pass Filter, $350.00. 
For @ 628A: N362A Low Pass Filter, $350.00. 

Price: @ 626A or @ 628A, $3,400.00 (cabinet). 
@ 626AR or @ 628AR, $3,420.00 (rack mount). 
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@ 682C/687C ELECTRONIC SWEEP OSCILLATORS 

Electronic Sweeping for Simple, Comprehensive Full-Band Measurements 

Advantages: 

Electronic sweep 
1 to 18 G C  (KMC) 
Simple to operate, direct reading 
Continuously adjustable sweep width and rate 
10 mw output minimum 
Frequency sweep linear with time 
Slow sweep for mechanical recorders; fast sweep for 

Single sweep manually started or externally triggered 
External FM or AM modulation 

non-flickering oscilloscope presentation 

Uses: 

Convenient source of cw and swept rf 

Reflectometer measurements 
Slotted line measurements 
Antenna checks 

frequencies for: 

Transfer characteristics of: 
Networks 
Filters 
Attenuators 
Amplifiers 
Ferrite devices 

Hewlett-Packard offers six backward-wave sweep oscilla- 
tors that eliminate sweep motors, tuning plungers, previous 
range limitations and mechanical problems . . . and couef all 
OT part of a given baud with a simple, flexible, broadly ad- 
justable, guiet electroizic sweep! 

With  these instruments, you have complete freedom of 
sweep cornbination-both sweep width and rate of change 
of frequency (sweep rate) are independently controlled and 
direct reading. C W  or swept rf frequencies may be obtained 
over any part of the range; sweep width may be adjusted in- 
stantly without interrupting operation. The  full range can be 
covered in periods slow enough for  high resolution mechani- 
cal recording or fast enough for flickerless oscilloscope pre- 
sentations (see Specificatiom). Sweep rate is adjustable in 
nine steps over various ranges as indicated under Specifica- 
tions. 

Linear Frequency Sweep 

A unique means is used to achieve a swept frequency that 
is a linear function of time. Output frequency of a backward 
wave oscillator tube is an exponential function of the voltage 
applied to its helix, so by making the sweep voltage applied 
to the helix the proper exponential function of time, a fre- 
quency sweep results which is linear. 
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For greatest convenience the sweep may be operated re- 
currently, triggered manually by means of a pushbutton or 
by an externally generated voltage for operation of the in- 
strument in synchronism with other equipment. To facilitate 
oscilloscope and mechanical recordings, a 20 volt peak saw- 
tooth sweep voltage concurrent with the frequency sweep is 
supplied at a front panel connector. This saw-tooth sweep 
voltage has a fly-back so short that no blanking signal is re- 
quired during oscilloscope retrace. 

Broad Modulation Capabilities 

In addition to their swept frequency output, the oscillators 
may be internally or externally AM modulated, externally 
pulse modulated and externally FM modulated. 

Internal amplitude modulation is produced by a square 
wave variable 400 to 1,200 cps. During modulation, peak 
power is the same as the unmodulated cw output. 

External amplitude modulation is produced by a signal 
applied to the backward wave oscillator through a built-in 
amplifier. Pass band of this amplifier is dc to 300 KC, and 
-20 volts or more reduces the output level from rated to 
zero. 

Pulse modulation is also available. In this case there is 
no output from the instrument except during the pulse. The 
peak pulse power will be equal to the cw level if the input 
pulse is 10 volts peak or larger. Pulses up to 5 milliseconds 
long may be used for this modulation. 

Freguenry modulation is achieved by varying with exter- 
nally generated signals the voltage supplied to the helix of 
the backward wave tube. These signals are capacitively 
coupled to the helix modulator. When FM’d externally in 
this manner, the instrument’s frequency deviation is both 
above and below the frequency set on the main tuning dial. 

Specifications 

’with leveler operating 

For All Models: 
Sweep M o d e :  Recurrent; externally triggered; manually triggered. R F  frequency sweep is linear with respect to  time and is downward from frequency dial setting. 
Sweep Output: + 20 volt (approx. ) peak sawtooth provided concurrently with suep t  rf output for recorder and osc~lloscope sweeping. Source impedance approxi. 

Power Output: 

Maximum SWR: 3 or less for h87C, 2.5 or less for other models. 
Dial Accuracy: i 1%. 
Residual AM: Less than -40 db. 
Modulation: 

mately 10,000 ohms and 20 pf in parallel. 

10 milliwatts or greater into load (50 ohms for Type N output) having an SWR of 1.25 or less. Output continuously adjustable to  zero. 

Internal A M :  Square wave modulation continuously adjustable from 400 - 1200 cps; output peak rf output power is within 1 db  of the cw setting. 
External A M :  Direct coupled d c  t o  300 KC/sec: -20 volts or more reduces rf output level from rated cw output to zero. Input impedance: 150 ohms. 
External FM: Approximately 150 volts peak-to-peak required to modulate full frequency range of instrument. 10 cps to  60 cps. Modulating voltage must be 

decreased with modulating frequencies higher than 60 cps. Input impedance: 43,000 ohms shuF!e$ by 100 pf; ac coupled. 
External Pulse: + 10 volts or  greater pulse required; 5 millisecond maximum pulse length. Peak rf pulse level within 1 db  of cw setting. Pulse rise and decay 

times less than 1 psec. Input impedance: 390,000 ohms shunted by 2 5  pi;  ac coupled. 
Power: 115/230 volts i- lo%,  approximately 540 watts. 
Dimensions: W i d t h  20 - 9/16”,  height 1 2 % ” ,  depth 18” (cabinet moun t ) .  W i d t h  19”, height lox”, 16%” deep behind panel (rack moun t ) .  
Weight:  Net 105 lbs. Shipping 134 Ibs. (cabinet moun t ) .  Net  104 lbs. Shipping 134 lbs. (rack moun t ) .  
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@ 9 3 8 A / 9 4 0 A  FREQUENCY DOUBLER SETS 

Now! Generate Precise Signals to 40 GC (KMC) with New Doublers! 

Advantages : 

Cover 18 to 40 GC (KMC) with accuracy, versatility, 
simplicity 

Increases usefulness of 9 to 20 GC signal generators 

Versatile output capability identical to driving source 

Use with swept signal sources, signal generators, 
klystrons 

Uses: 

Usable power in K and R bands, 18 to 40 GC 

Inexpensive method for high-frequency work 

Useful for testing waveguide components 

Ideal for reflectometer applications in K and R bands 

Increase sweep oscillator versatility 

Convenient, economical, reliable signal generation to 40 
GC (KMC) is possible with the new @ 938A/940A Fre- 
quency Doubler Sets used in conjunction with a wide variety 
of existing signal sources or one of the dependable, bench- 
proven @ signal generators or sweep oscillators listed in 
this catalog. 

@ Model 9 3 8 A  supplies power from 18 to 26.5 GC when 
driven by a 9 to 13.25 GC source; @ Model 9 4 0 A  supplies 
power from 26.5 to 40 GC when driven by a 13.25 to 20 
GC source. 

The 938A and 9 4 0 A  have the same output versatility as 
the driving source. These broadband instruments accept CW, 
pulsed or swept input signals from signal generators, swept 
signal sources or klystrons. 

Each contains a broadband crystal-harmonic generator, 
plus a dual rotary vane attenuator, for generating and accu- 
rately setting the output level 0 to - 100 db. Output power 
depends on input power and is typically 0.5 to 1.0 mw when 
the driving source is an @ 626A or 628A Signal Generator 
or an @ 686C or 687c  Sweep Oscillator. (See paragraph 
on Swept Frequemy Output, next page.) Output power is 
known, even though an uncalibrated signal source is used, 
since the output monitor is accurate to 2 2  db. 

Typical of the output versatility of these Frequency Dou- 
bler sets is the fact that an @ 938A driven by an @ 626A 
will provide C W  output, pulse modulated output with a rep- 
etition rate from 40 to 4,000 pps, square wave modulated 
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Spec if i cati o ns 

@ Model 9 3 8 A  Frequency Doubler Set  

Frequency Range: 18-26.5 GC (KMC), 
Conversion Loss: Less than 18 db at 10 mw. 
Output Power: Depends on input power supplied. Approx. 

0.5 to 1.0 mw when used with typical @ Model 626 Sig- 
nal Generator. 

Saturation Output Power: 3 mw. 
Input Power Required: 10 mw design center. 
Maximum Input Power: IO0 mw. 
Output Monitor Accuracy: i 2  db. 
Output Attenuator Accuracy: +2% of reading or k O . 2  

db whichever is greater. 
Attenuator Range: 100 db. 
Output SWR: Approx. 2 at full output. Less than 1.5 with 

Input Flange: M-Band flat cover flange for WR-75 wave- 

Output Flange: UG-595/U flat cover flange for WR-42 

Dimensions: 5'r high, 19" wide, 18" deep. 
Weight: Net 20 lbs. Shipping 26 lbs. 
Accessories Available: Waveguide Adapters MP292A, 

MX292A (one each furnished with @ Model 626A). 
AC-122X, X-band flexible waveguide. 

attenuator set to I O  db or more attenuation. 

guide. 

waveguide. 

Price: @ 938~4, $1,500.00. 
Complementary Equipment: @ Model 626A Signal Gen- 

erator. @ Models 686C and 687C Electronic Sweep Os- 
cillators. 

@ Model 9 4 0 A  Frequency Doubler Set  

Frequency Range: 26.5 to 40 GC. 
Conversion Loss: Less than 18 db at 10 mw input. 
Output Power: Depends on input power supplied. Approx- 

imately 0.5 mw when used with typical @ 626A and 
628A Signal Generators. 

Saturation Output Power: 2 mw. 
Input Power Required: 10 mw design center. 
Maximum Input Power: IO0 mw. 
Output Monitor Accuracy: e 1 db. 
Output Attenuator Accuracy: + 2% of reading or 

Attenuator Range: 100 db. 
Output SWR: Approx. 2:1 at full output. Less than 1.5 

with attenuator set to 10 db or more attenuation. 
Input Flange: N-Band flat cover flange for WR-51 wave- 

guide. 
Output Flange: UG,-599/U flat cover flange for WR-28 

waveguide. 
Dimensions: 5'r high, 19" wide, 18" deep. 
Weight: Net 20 Ibs. Shipping 26 lbs. 
Accessories Avai lable : Waveguide Adapter NP292A, 

NK292A (one each furnished with @ 628A), MP292A, 
AC- 122P, P-Band flexible waveguide. 

0.2 
db whichever is greater. -- 

Price: @ 940A, $1,500.00. 
Complementary Equipment: @ 626A and 628A Signal 

GeneratQrs: @ 687C Electronic Sweep Oscillator. 

Data subject to change without notice. 

@ ?%EA %.$Ah0 

v * " b G Y # m L  I n I P T I n  

output with modulation frequencies from 40 to 4,000 cps, 
or 60 cps (power line frequency) FM output. In addition, 
pulsed output may be synchronized with external signals or 
output may be externally pulse or frequency modulated. 

F R  QUENCY 
DOUBLER 

Swept Frequency Output 

Swept frequency output may be obtained by driving the 
frequency doubler set with an @ 686C or 687C (see pages 
144, 1 4 j ) .  The 686C and the 687C provide a simple, flex- 
ible, broadly adjustable electronic sweep. Multiplying the 
sweep oscillator settings by 2 yields sweep rate and width. 
Both sweep width and rate of change of frequency are inde- 
pendently controlled, C W  or swept rf frequencies may be 
obtained over any part of the range, and sweep width may 
be adjusted instantly without interrupting operation. 

lNPdT OUTPUT 
FREQUENC" FREQUENCY 

Yi18 9 

Figure 2. Driving sources, single frequency. 
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MICROWAVE EQUIPMENT FOR WAVEGUIDE AND COAXIAL SYSTEMS 

Hewlett-Packard microwave test 
equipment is designed to provide acom- 
plete set of high-quality, low-cost in- 
struments for measurement of micro- 
wave parameters including power, im- 
pedancc, noise figure, attenuation, and 
frequency. In addition to a wide variety 
of coaxial slotted lines, bridges, detec- 
tors, mounts, etc., the equipment in- 
cludes complete instrumentation in the 
waveguide field. Each instrument has 
been designed for broad band coverage, 
high stability, broadest applicability, 
convenient size, and simplest possible 
operation. Highest quality metals, al- 
loys, components and dielectrics have 
been used in construction; and utmost 
care is taken during manufacture. All 
units are thoroughly tested before leav- 
ipg the factory and are warranted to 
conform with, or exceed, specifications. 

Letter Designations 

Model numbers of @ waveguide 
components are normally preceded by 
a prefix letter. This letter designates the 
waveguide size and frequency band of 
the instrument. Each @ waveguide in- 
strument of a given band will have this 
same prefix in its model number. Eleven 
designator prefixes are used: 

Fits 
Wdueguide Preq.  Range 

Band Size (In.) GC (KAZLCI 
“S” 3” x I?/*’‘ 2.6 to 3.95 “G” 2” x 1“ 3.95 to 5.85 “c” 1 . 7 1 8 ” ~  ,923’‘ 4.9 to 7.05 “J” 

1’/2” x 3 / ”  5.3 to 8.2 
7.05 to 10.0 
8.2 to 12.4 

“M” 3 5 0 ”  x ,475’‘ 10.0 to 15.0 
“P” .702” x ,391‘’ 12.4 to 18.0 
“N” ,590’’ x ,335’’ 15.0 to 22.0 
“K” ,500‘‘ x ,250‘‘ 18.0 to 26.5 
“R” .360” x ,220’’ 26.5 to 40.0 

Thus, an @ 370 Fixed Waveguide At- 
tenuator designed for use with 3” x 

guide is designated s370. The 
same instrument designed for the .702/‘ 
x .391” guide is designated P370. 

Many Hewlett - Packard instruments 
also have suffix letters in the complete 
model number. Normally an “A” suffix 
is used to identify the original instru- 
ment while “B,” “C” and other suffixes 
indicate a revised, modified or special 
version of the basic model. 

However, in the case of certain @ 
microwave elements, the szlfix letter in- 
dicates specific attenuation or coupling 

“H” 1%’‘ 5/“ “x” lr,xl,*,, 

factors. Six designator letters are used: 
“A” 3 db “D” 20 db 
“B” 6 db “E” 30 db 
“C” 10 db “F” 40 db 

Thus, the 20 db coupling version of 
@ 750 Cross-Guide Coupler will be 
designated as @ 750D. 

The model of the 750 built for 1” x 
1/2” waveguide systems wili, of course, 
have the size prefix designator “X.” 
Therefore, the complete model number 
of a 750 series Coupler with 20 db coup- 
ling for use with 1” x ?,$” equipment 
is @ X750D Cross-Guide Coupler. Use 
of this prefix and suffix code will sim- 
plify and speed inquiries and ordering. 

Flanges 
All @ waveguide equipment is equip- 

ped with plain A N  cover flanges. When 
it is desired to connect between Hewlett- 
Packard instruments and a choke flange 
system under actual operating condi- 
tions @ 290A Cover to Choke Flange 
Adapters may be used. 

K band (18 to 26.5 GC) and R band 
(26.5 to 40.0 GC) waveguide equip- 
ment is normally supplied with rectan- 
gular flanges. However, when specified, 
circular flanges may be obtained on 
most K- and R-band instruments at no 
extra charge. 

Waveguide Equipment 
Hewlett-Packard Broad Band Wave- 

guide Instruments are based on a time- 
proven design approach. The funda- 
mentals of this concept are: 
1. Each instrument is of simplest con- 

struction consistent with its basic 
function and covers the entire fre- 
quency range of its waveguide size. 

2.  An integrated set of instruments is 
available for each commonly used 
waveguide frequency from S to R 
band. 

3. Simple mechanical design, incorpo- 
rating novel electrical circuitry, in- 
sures high accuracy, stability, and 
quality, and yet makes possible 
quantity production at low cost. 

With @ waveguide equipment, you 
select the exact instruments you need. 
Each is designed in its most funda- 
mental form, yet is integrated mechani- 
cally and electrically with the complete 
@ waveguide line. You are assured 
maximum operating flexibi1itg;effi- 
ciency, convenience, and economy. 

Power, Impedance, 
Noise Figure Measurements 

General information and techniques 
for the use of Hewlett-Packard micro- 
wave test equipment in making power 
measurements are presented on pages 
151 to 153. A similar discussion con- 
cerning microwave impedance measure- 
ments appears on pages 163 to 165. A 
discussion on noise figure measurements 
appears on page 176. Instruments ap- 
propriate to each type of measurement 
are shown on the pages immediately 
following the discussion of that type of 
measurement. 

Attenuation Measu remen t 
Attenuation measurements are made 

by a number of different methods such 
as power ratio or either RF or IF sub- 
stitution. In the power ratio method the 
signal source is connected to a detector 
mount through a length of lossless 
transmission system in which place the 
unknown attenuator may be substituted. 
A reading is obtained on the output 
indicator with a section of lossless line 
in the circuit. The lossless line is then 
replaced by the attenuator being meas- 
ured. The power attenuation at the out- 
put indicator is a measure of the attenu- 
ation. This measurement requires first, 
that the law of the detector be known 
over the complete frequency range of 
the measurement; and second, that re- 
flection effects in the system be essen- 
tially the same both with and without 
the attenuator. 

The type .bf detecting equipment 
used will depend on the range of the 
attenuation measurement. A range of 
attenuation measurement up to 30 to 40 
db can be achieved with a detector 
mount employing a barretter, and @ 
415B Standing Wave Indicator (high 
sensitivity, tuned voltmeter). In this 
case, the signal source must be modu- 
lated, and the rf power level must be 
kept below 200 microwatts for square 
law detector characteristics. The attenu- 
ation in decibels may be read directly 
from the Model 415B. 

To  eliminate effects of reflections be- 
tween generator and attenuator, and 
attenuator and load, it is desirable to 
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use pads. Pads should be well matched 
to the transmission system.l 

The  homodyne method permits mea- 
suring attenuation as high as 100 db. In  
this system a signal generator furnishes 
local oscillator power to a mixer and at 
the same time drives a TWT amplifier 
which is modulated to produce an off- 
set frequency. The offset frequency is 
fed through the attenuator to be mea- 
sured, and combined with the local 
oscillator frequency. The difference fre- 
quency is amplified in a tuned amplifier 
and applied to an indicating meter. Be- 
cause the TWT amplifier is serrodyne 
modulated, the difference frequency 
from the mixer is constant and a nar- 
row-band tuned amplifier such as @ 
415B may be used even though the sig- 
nal generator frequency drifts.2 

RF substitution depends on substitut- 
ing aw RF attenuator of known char- 
acteristic for the unknown. For instance, 
a signal generator attenuator may be 
used. When using this method the out- 
put of the signal generator is fed to 
the attenuator being measured and then 
into the detector. The  attenuator being 
measured is removed, and a reading is 
obtained upon the detector. The  setting 
of the signal generator attenuator is 
noted. The  attenuator is then inserted, 
and the signal generator output is ad- 
justed to obtain the same reading as be- 
fore. The difference between the signal 
generator attenuator settings is the at- 
tenuation of the attenuator in db. Since 
the detector is always operated at the 
same level, detector law is no problem. 
The attenuator measurement may simi- 
larly be performed with an @ 382A 
Precision Attenuator  and  a s ignal  
source. 

The IF substitution method offers the 
highest accuracy in attenuation meas- 
urements since its substitution standard 
is a precise 30 M C  cutoff attenuator. 
The power change caused by removing 
the unknown RF attenuator is replaced 
by change of the precision I F  cutoff 
attenuator in the I F  stage of the detect- 
ing microwave receiver.l 

Cable Characteristics 
Two cable characteristics that fre- 

quently must be measured are attenua- 
tion and characteristic impedance. The  
following discussion indicates appro- 
priate procedures for these measure- 
ments. 

The  measurement of large values of 
cable attenuation can be made by the 

‘Request @ Application Note #38, Micro- 
wave Measurements for  Calibration Labora- 
tories, for further information. 
‘See or Request @ Application Note #6, 
Homodyne Generator and Delertion System. 

previously described methods. T h e  
amount  of  a t tenuat ion f o r  a given 
length of cable is measured in the same 
manner as described in the foregoing 
discussion of attenuation measurement. 

The measurement of small values of 
cable attenuation requires a different 
technique. In  this case, attenuation is 
calculated by measuring S W R  of a 
shorted cable and substituting into a 
formula  which relates S W R ,  cable 
length and attenuation. A recommend- 
ed arrangement for this measurement is 
shown in Figure 1. 

-hP-  413 
STANDING W I V E  

INDICATOR 

igure I. Suggested instrument arrangemei.. 
3r measuring small values of cable attenu- 

ation. Unknown cable is placed between 
slotted line and short. 

In  measurements on 50-ohm coaxial 
cable with this instrumentation, the 
procedure is as follows : 
1. Measure cable length. 
2 .  Measure SWR of shorted cable. 
3. Compute attenuation from this formula: 

1 

Tanh cy = Nepers 
SWR 

If aL is much smaller than 1, Tanh a L  is 
approximately aL,  and this formula reduces 
to .. 

1 8.686 db 
(YL = ~ Nepers or ~ 

SWR SWR 

For cables with a characteristic im- 
pedance of other than 50 ohms, a spe- 
cial technique must be employed which 
is beyond the scope of this discussion. 
See Terman & Pettit, “Electronic Meas- 
urements,” 2nd edition, page 189. 

Characteristic Impedance 

The value of the characteristic im- 
pedance of a cable can be computed 
from impedance measurements made 
with a bridge such as @ 803A VHF 
Bridge ( p d g e  174) .  Suggested proced- 
ure is as follows: 

A t  some specific frequency, measure 
the input impedance to the line with 
the output end of the line open. At  the 
same frequency, measure the input im- 
pedance of the line with the outputend 
shorted. Then compute the character- 
istic impedance with the formula: 

Zo V 2 s  (OP) Zs (sh)  
where 2, = characteristic impedance 

2. (op)  = input impedance 
with output end open 

2, (sh)  = input impedance 
with output end shorted 

(Reference: Skilling, “Electric Transmission 
Lines,” 1951, page 163.) 

Another useful method of determin- 
ing characteristic impedance in a coaxial 
cable is through the measurements of 
two constants of the cable-capacitance 
and velocity of propagation. The  char- 
acteristic impedance is then computed as 
follows : 

10 1,000 zo = -- vc 
where Z, = characteristic impedance 

V = velocity of propagation 
C = capacity in pf/foot 

The suggested procedure is as fol- 
lows : 
1. Measure cable capacitance at low 

frequencies with a standard capaci- 
tance bridge. 

2.  Measure velocity of propagation at ,  
some frequency (above 50 M C  to 
prevent “skin effect” errors). 

Figure 2 indicates equipment appro- 
priate to the measurement of velocity 
of propagation. 

I 
DETECTOR 

-hp- 

GENERATOR 
SIGNAL CAB1 E BEING MEASURED 

CONNECTOR 

Figure 2. Arrangement of instruments for 
measuring velocity of propagation. 

To measure velocity of progagation, 
a. Vary frequency of the signal gen- 

erator to obtain successive nulls 
on the staeaing wave indicator. 
Record frequencies of the nulls, - .  
f, and f,. 

b. Measure length of the cable in 
feet to the center of the tee con- 
nector. 

c. Compute velocity of propagation 
from the formula: 

Lfl 

where L = cable length in feet 
f, = recorded frequency 

v =  - 
2.46K 

2f 
f z  - f l  

K =  1 

3 .  Substitute the values of capacitance 
and velocity of propagation in the 
formula: 

101,000 
vc Zo = ~ = characteristic impedance 

(See Terman & Pettit, “Electronic Measure- 
ments,” 2nd edition, page 135.) 

I50 



POWER MEASUREMENT 

In  the microwave region, power 
measurements are considered to be more 
basic than current or voltage measure- 
ments. This is because power is invari- 
ant with position of measurement, while 
current and voltage (because of the 
distributed nature of the transmission 
system at these frequencies) are not. 

In the power range up to 10 milli- 
watts power measurements are custom- 
arily made by use of temperature-sensi- 
tive elements, such as bolometers. A 
bolometer is an element which con- 
verts rf power to heat, which in turn 
varies the resistance in proportion to the 
temperature change of the element. 
Bolometers are normally used in a 
br,idge configuration which allows the 
change of resistance in the bolometer 
to be determined by external audio or 
dc techniques. Unbalanced bridge con- 
figurations are used occasionally. How- 
ever, the more accurate bridges use ac 
substitution techniques which allow 
the resistance of the bolometer to re- 
main at a fixed value (100 or 200 
ohms) at all values of rf power. The 
audio power, which is removed to re- 
balance the bridge and keep the bolom- 
eter resistance constant, is a measure 
of the rf power being applied. 

In the range above 10 watts, power 
measurements are generally made using 
calorimeter techniques. Either a dry 
calorimeter or a water flow calorimeter 
is usually used, 

Between these low and high power 
ranges, measurements can be made 
using attenuators and low power bolom- 
eters. However, these measurements are 
somewhat clumsy and inaccurate. 

The @ 434A Calorimetric Power 
Meter makes direct, convenient and 

INPUT 

F I ,  F Z ,  F3.F4= 8.25MA 
FUSES 

Figure I .  Arrangement for using four instru- 
ment fuses in series-parallel combination in 

@ 476A. 

accurate measurements in the 10 mw 
to 10 watt range. This unique oil flow 
calorimeter fills the need for a conven- 
ient measuring device having high ac- 
curacy and wide bandwidth. 

Conventional B r i d g e  
T e c h n i q u e s  

Bolometers used for microwave meas- 
urements are of two general types: bar- 
retters-metallic wire or film in which 
the temperature coefficient of resistance 
is positive, and thermistors-semi-con- 
ductor material in which the tempera- 
ture coefficient is negative. Both barret- 
ters and instrument fuses are used as 
positive temperature coefficient bolom- 
eters. Barretters consist of a short length 
of very fine platinum wire suitably cap- 
sulated. Negative temperature coeffi- 
cient bolometers (thermistors) consist 
of a small bit of semi-conductive ma- 
terial suspended between two fine wires. 

In general, barretters are delicate, and 
readily burned out by too much power. 
Even if the overload is insufficient to 
burn out a barretter, it may still in- 
crease its cold resistance to the point 
where a self-balancing bridge meter 
cannot be zero set. Thermistors are 
much more rugged. Although they are 
rated at 25 mw maximum, they gener- 
ally burn out at about 400 mw and their 
characteristics change only slightly, if 
at all, upon overload. 

The bolometer element is used in 
conjunction with a power meter such as 
the @ Model 430C (pages 158, 159). 
This power meter is designed to operate 
with bolometer impedances of either 
100 or 200 ohms. 

The bolometer element itself must 
be mounted and well matched to the 
rf transmission system used and to the 
power meter. @ bolometer mounts 
feature low SWR through their operat- 
ing range and are available for coaxial 
and waveguide systems. Barretters are 
usually operated at 200 ohms, while 
thermistors usually operate at 100 or 
200 ohm levels. Series-parallel combi- 
nations of the bolometer elements are 
used in @ coaxial mounts. @ 476A 
Bolometer Mount, for example; -uses 
four instrument fuses, each operating at 
200 ohms and arranged to present 200 
ohms to a microwave power meter but 

only 50 ohms to the rf energy. (Fig. I. j 
The power measured by a bolometer 

mount also depends upon the relation- 
ship between the load and the source 
impedance. To obtain maximum avail- 
able power the load should present a 
conjugate match to source impedance. 
This can be achieved by properly ad- 
justing a double-stub tuner, a line 
stretcher, an E-H tuner, or a slide-screw 
tuner. These tuners transform the 
magnitude and phase of the source im- 
pedance in order to conjugate match it 
to the load impedance. Errors that result 
from generator and load mismatch have 
been discussed under the section of this 
catalog dealing with Signal Generators. 

@ 430C Microwave Power Meter 
will give direct instantaneous readings 
of microwave power when connected 
with a suitable bolometer mount. The 
bias current necessary to bring the 
bolometer to the correct operating resist- 
ance is furnished by the 430C Power 
Meter. This power meter circuit in- 
cludes a self-balancing bridge and an 
audio voltmeter to indicate the magni- 
tude of the bridge amplifier output, 
(Figure 2). The self-balancing bridge 
uses the external bolometer element (a 
non-linear resistor) as one of the bridge 
arms. A high gain amplifier is connected 
across the bridge as a detector, and the 
output of the same amplifier is con- 
nected as the driving source for the 
bridge. With sufficient gain, the bridge 
oscillates and audio power is furnished 
at an amplitude such that the bridge is 
almost balanc8d. When the rf power is 
applied to the element, the ampliture 
of oscillation decreases an amount nec- 
essary to maintain the element’s resist- 

A I 

Figure 2. Basic Circuit of Power Meter. 

ance constant. This audio power de- 
crease is equal to that power added by 
the rf source and can be read on the 
voltmeter which is calibrated in power 
units. 
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@ bolometer mounts have been de- 
signed for both coaxial and waveguide 
systems at frequencies between 10 MC 
and 40.0 GC(KMC). These mounts 
are extremely simple to use, have low 
SWR, and may be used with @ 430C 
Power Meter to provide direct reading 
measurements. @ bolometer mounts 
may be classified according to the type 
of bolometer element employed-ther- 
mistor, or barretter-and whether the 
mount is untuned (broadbanded) or 
tunable. 

@ fixed tuned thermistor mounts are 
exceptionally broad band bolometers. 
Model 477B Coaxial Thermistor Mount 
(page 160) covers the frequency range 
of 10 MC to 10 GC, while @ 487B 
( w a v e p i d e  series, page 162) are avail- 
able from 2.6 to 40.0 GC. No tuning is 
required and an extremely low SWR is 
maintained throughout frequency 
bands. 

Model 485B Detector Mounts (page 
161) employ a single tuning control to 
match the applicable waveguide to a 
barretter power detection element. In 
general, their SWR is less than 1.25 
over the rated frequency range when 
using barretters. This provides an ex- 
cellent match to the rf line and very 
low mismatch losses. 

@ 476A Universal Bolometer Mount 
(page 160) is a fixed tuned bolometer 
in the frequency range from 10 to 1,000 
MC. The bolometer element consists of 
8.25 ma fuses. 

In general, squarewave or pulse mod- 
ulated power can be measured accu- 
rately with either a barretter, fuse, or 
thermistor, subject to certain limitations 
which depend upon the characteristics 
of the bolometer elements in conjunc- 
tion with the bridge oscillator. How- 
ever, in @ 430C Power Meter, these 
limitations are not serious. 

New Temperature 
Compensated Power Bridge 

Conventional bolometer bridge tech- 
niques have a serious limitation in the 
lower power sensitivity regions because 
of thermal drift in the mount itself. 
Since the bolometer is a temperature 
sensitive element, power of all types, 

including ambient temperature change, 
causes a resistance change in the mount. 
In fact, typical power sensitivity of a 
thermistor mount to temperature 
change is such that 0.005” Centigrade is 
approximately equivalent to 1 micro- 
watt. Such a high temperature sensitivity 
seriously limits the low power sensi- 
tivity unless special techniques are em- 
ployed. 

The  new @ 431A Temperature 
Compensated Power Meter (pages 136, 
l J 7 )  represents a significant advance 
in stability and accuracy in power meas- 
urements. The power meter utilizes a 
dual bridge, temperature-compensated 
circuit arrangement which allows power 
measurements to be made down to a 
full scale sensitivity of 10 microwatts. 
Operation is essentially drift-free. 

Under laboratory conditions, for in- 
stance, long-term drift on the most sen- 
sitive range of 10 microwatts full scale, 
is typically 1 or 2 microwatts per 4 hour 
period. This extreme stability makes for 
a truly satisfying power measurement in 
the high sensitivity region and opens a 
new area of convenience to power meter 
users. Furthermore, power up to 10 
milliwatts may be measured directly on 
the same bridge. 

Time savings on zero setting alone 
are appreciable and further time savings 
are made by providing that the zero 
set be carried over for all power ranges. 
Previous conventional bridge tech- 
niques required that new zeroing be 
done whenever the power range switch 
was turned to a different range. 

Operation of the temperature com- 
pensated power meter depends on the 
use of two identical thermistor bridges. 
Thermally sensitive elements, the ther- 
mistors, are located in close thermal 
proximity to each other, but one ele- 
ment is placed so that it absorbs rf 
power from a transmission line while 
the other element is free from any rf 
influence. Special mount design and 
thermistor mounting procedures pro- 
vide the nearly identical thermal en- 
vironment, the coupling of rf power 
to one thermistor and the shielding-of 
the other. 

An increase or decrease of ambient 

temperature tends to change the oper- 
ating resistance of both thermistors. 
The unbalance, sensed by the temper- 
ature compensating thermistor bridge, 
is amplified and in turn reduces the 
audio power applied to both bridges, 
keeping both in balance. Thus, as long 
as the temperature sensitivity of the 
two thermistors tracks with temper- 
ature, and they are both maintained in 
close thermal proximity, temperature 
effects are essentially cancelled out. The 
rf power applied to the rf mount, how- 
ever, reduces the audio power drive to 
both bridges and, to maintain the tem- 
perature compensating bridge in bal- 
ance, a dc power is supplied from the 
electronics of the power meter. It is this 
dc power which is metered to indicate 
the rf power input. One feature of this 
bridging system is that both bolometer 
elements are maintained in a balanced 
condition, and since they are identical 
thermally there is a 1 to 1 translation be- 
tween the rf power supplied to the rf 
bridge and the dc rebalance power sup- 
plied to the compensating bridge. Thus, 
both elements are maintained at the 
same impedance over all power ranges. 
One of the advantages obtained from 
operating both bridges in a balanced 
condition is that 10 milliwatts of rf 
power can be measured. This is not true 
of some temperature compensated 
power meters which utilize an unbal- 
anced bridge as the metering drive. 

The  431A features a “zero carry 
over” which m5ans that the power 
meter may be balanced on the lowest 
range of 10 microwatts, and as the 
range is switched upward to 10 milli- 
watts no re-zoning need be done. 

--- 

High accuracy is realized in this 
meter by careful attention to switching 
resistors and bridge determining resis- 
tors. In addition, terminals are pro- 
vided on the rear of the unit for a dc 
calibration input to calibrate the mounts 
with precise dc standards for even 
higher accuracy. For better readability 
commensurate with the increased ac- 
curacy that can be obtained with precise 
dc calibration, a recorder output is pro- 
vided, A 3 or 4 digit digital dc volt- 
meter may be connected to the recorder 
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output and, in combination with pre- 
cise dc calibration, improves resolution 
and accuracy of power measurements. 
Hence, Model 431A provides an ex- 
tremely convenient automatic balancing 
bridge with excellent readability for use 
in Standards laboratories. 

The special bridge balancing arrange- 
ment in Model 431A achieves a new 
convenience in pulsed power measure- 
ments. Conventional bridges respond to 
the audio drive voltage and mathema- 
tically convert this to indicate power. 
At low repetition rates the bridge tends 
to follow the rf modulation, with the 
meter responding to average voltage 
rather than average power. Since Model 
431A meters a dc rebalance voltage pro- 
portional to power, true power averag- 
ing is obtained on amplitude modulated 
rf waves. 

A special series of coaxial and wave- 
guide thermistor mounts has been de- 
signed for use with this temperature- 
compensated power meter, and these 
mounts must be used because of the in- 
herent thermal matching problems in 
the mounts. These mounts are presently 
available in coax and X-band. The 
Model 478A ( p d g e  157) ,  which covers 
the frequency range from 10 mega- 
cycles to 10.5 GC, is an extremely com- 
pact thermistor mount which contains 
both thermistor elements in close ther- 
mal contact. It utilizes a dual set of rf 
thermistors, each operating at 100 
ohms so that it presents 200 ohms to 
the temperature compensated power 
meter while presenting 50 ohms to the 
rf line. The compensating elements are 
constructed in a similar manner. 

A second temperature compensated 
mount, Model X486A (page 157) ,  is 
available in X-band waveguide, which 
covers the frequency range from 8.2 to 
12.4 GC. Other waveguide mounts 
from 2.6 to 40 GC are being made 
available. Write for information. 

1 0  mw to 7 0  Watts 

The Model 434A Calorimetric Power 
Meter (see pages 154, 155)  automatic- 
ally measures average power from 10 
milliwatts to 10 watts, The instrument 
operates from dc to 12.4 GC. The oper- 

ator simply connects the source to the 
434A and reads the power. Power above 
10 watts may be measured by reducing 
it to the range of the 434A with cali- 
brated attenuators or directional coup- 
lers. 

Model 434A is ideally suited for 
highly accurate measurements because 
its overall accuracy is 5% which in- 
cludes rf efficiency and substitution er- 
ror. Also, it allows direct measurement 
of intermediate powers and thus elimi- 
nates the error in the power reducing 
attenuator which is required in bolom- 
eter techniques. 

The Model 434A, shown simplified 
in Figure 3, consists of a self-balancing 
bridge which has identical temperature- 
sensitive resistors (gauges) in two legs, 
an indicating meter and two load resis- 
tors, one for the unknown input power 
and one for the comparison power. The 
input load resistor and one gauge are in 
close thermal proximity so that heat 
generated in the input load resistor 
heats the gauge and unbalances the 
bridge. The unbalance signal is ampii- 
fied and applied to the comparison load 
resistor which is in close thermal prox- 
imity to the other gauge so that the 
heat generated in the comparison load 
resistor is transferred to its gauge and 
nearly rebalances the bridge. 

The meter measures the power sup- 

plied to the comparison load to rebal- 
ance the bridge. The characteristics of 
the gauges are the same and the heat 
transfer characteristics from each load 
are the same, so the power dissipated in 
each load is the same, and the meter 
may be calibrated directly in input 
power. 

TO provide swift balancing, an effi- 
cient heat transfer from the loads to the 
temperature gauges is accomplished by 
immersing the components in an oil 
stream. This gives full scale deflection 
in less than 5 seconds. 

The power measurement is accurate, 
because the flow rates through the two 
heads are the same and the head char- 
acteristics are the same. To  insure con- 
stant temperature and to bring the 
streams to nearly the same temperature, 
they are passed through a parallel-flow 
heat exchanger prior to entering the 
heads. 

The accuracy of Model 434A is one 
of its unique attributes. Since the 
power meter represents the most accu- 
rate method available for measuring 
high-frequency power the 434A may 
find much use as a laboratory standard 
power meter. Nominal accuracy is 5 % .  
However, higher accuracies can be 
achieved by employing techniques to 
minimize frequency and impedance mis- 
match effects. 

COMPARISON L O A D  

COMPARISON HEAD 

Figure 3. Simplified diagram, @ 434A Calorimetric Power Meter. 
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@ 4 3 4 A  CALORIMETRIC POWER METER 

Just Connect, Read Power 1 0  mw to 1 0  Watts 

Advantages: 

Simplest power measurements, 10 mw to 10 watts, Stated simply, the @ 434A Calorimetric Power Meter 
dc to 12.4 GC (KMC) offers you this : 

No barretter or thermistor needed 

No external terminations or plumbing 

Compact, entirely self-contained 

Direct reading in watts and DBW 

Uses: 

\ Measures power to 10 watts average, 1 K W  peak 

AM power measurement 

Pulsed, ac and video power 

Measure dc powers 

T h e  fastest, easiest lFzeanS yet devised to  measure powers 
accurately from 10 milliwatts to 10 watts between dc 
and 12.4 GC ( K M C ) .  

With the new 434A, measurement is literally as simple 
as connecting to a 50 ohm type N front panel terminal and 
reading power directly. The instrument has only two sim- 
ple front panel controls, and is ideal for use by non-technical 
personnel. 

Model 4344 fills the important range between bolom- 
eter-type microwave power meters such as @ 431A (pagFs 
156,157) and conventional calorimeters whose lower range 
is approximately 10 watts. But unlike previous cumbersome 
and costly equipment suggested for its range, the @ 434A 
is completely self-contained and requires no external detec- 
tors or plumbing of any type. 

Rapid Response Time 

Model 434A employs a self-balancing bridge and a high- 
efficiency heat transfer system to and from an oil stream to 
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provide a full scale response time of 5 seconds or less. This 
fast reaction, a fraction df the response time needed by ordi- 
nary calorimeters, means the 434A quickly follows small 
adjustments in input tuning circuits. Further, the use of twin 
power sensitive elements in one oil stream plus a feedback 
system makes the accuracy virtually independent of variations 
in oil flow rate or ambient temperature, and prevents fluctua- 
tions because of changes in oil temperature. 

Circuit Description 

Basically the Model 434A consists of a self-balancing 
bridge which has i.dentical temperature-sensitive resistors 
(gauges) in two legs, an indicating meter and two load 
resistors, one for the unknown input power and one for the 
comparison power. The input load resistor and one gauge 
are in close thermal proximity so that heat generated in the 
input load resistor heats the gauge and unbalances the bridge. 
The unbalance signal is amplified and applied to the com- 
parison load resistor which is in close thermal proximity to 
the other gauge so that the heat generated in the comparison 
load resistor is transferred to its gauge and nearly rebalances 
the bridge. 

The meter measures the power supplied to the comparison 
load to rebalance the bridge. The characteristics of the gauges 
are the same and the heat transfer characteristics from each 
load are the same, so the power dissipated in each load is 
the same, and the meter may be calibrated directly in input 
power. 

The power measurement is accurate, because the flow rates 
through the two heads are the same and the oil enters the 

1 1 

Figure I .  Basic arrangement of instrument circuitry. 

heads at nearly the same temperature, To insure constant 
temperature and to bring the streams to nearly the same 
temperature, they are passed through a parallel-flow heat 
exchanger just prior to entering the heads. Identical flow 
rates are obtained by placing all elements of the oil system 
in series. 

Specifications 

Input Power Range: Seven meter ranges, Full-scale read- 
ings of 0.01, 0.03, 0.1, 0.3, 1.0, 3.0 and 10 watts. Meter 
scale also calibrated from -10 to 0 DBW, providing 
continuous readings from -30 to +10 DBW. Power 
range can be extended upward with attenuators or direc- 
tional couplers. 

Peak Input Power: 1 kilowatt, maximum. 

Frequency Range: DC to 12.4 GC (KMC). 

DC Input Impedance: 50 ohms i- 5 ohms at type N input 

Input SWR: DC to 5 GC, less than 1.3. 5 to 12.4 GC, less 

jack. 

than 1.5. 

Meter Response Time: Less than 5 seconds for full scale 

Internal Calibrator: 100 mw dc +- 1% into 45 to 55  ohms. 

Accuracy: Within +- 5 %  of full scale. Includes dc calibra- 
tion and rf termination efficiency but not mismatch loss. 
Greater accuracy can be achieved through appropriate 
techniques. 

DC . . . . . . . . . .  Upper Ranges y2'/0 
Two Lowest Ranges 2% 

0 to 1 GC . . . . . . . .  Upper Ranges 1% 
Two Lowest Ranges 3% 

1 to 4 GC . . . . . . . .  Upper Ranges 2% 
Two Lowest Ranges 4% 

4 to 10 GC . . . . . . . .  Upper Ranges 3% 
,Two Lowest Ranges 5% 

10 to 12.4 GC . . . . . . .  Upper Ranges VO 
Two Lowest Ranges 5% 

Power Supply: 115/230 volts -t- lo%, 50/60 cycles, ap- 
proximately 155 watts with no input, 175 watts with 10 
watts input. 

Dimensions: Cabinet Mount: 203/f1 wide, 123/4ff high, 
14" deep. Rack Mount: 19" wide, 101/2" high, 13y2" 
deep behind panel. 

deflection. 

Estimated Attainable Accuracy: 

Weight: Net 49 lbs. Shipping 60 lbs. (cabinet mount). 
Net 44 Ibs. Shipping 59 Ibs. (rack mount). 

Price: @ 434A3, $1,600.00 (cabinet) ; @ 434AR, $1,585.00 
(rack mount). - *r 

Ddta subject to change without notice. 
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@ 431A POWER METER 

New Accuracy and Temperature Stability; Power Measurements 1 p w  to 1 0  mw 

Advantages: 

Drift less than 2 pw per degree Centigrade for a wide 
temperature range 

t 3% accuracy on all ranges. Even greater accuracy 
using simple external calibration procedures 

- 
One zero setting for all ranges 

Extremely easy to operate 

Grounded recorder output 

Portable operation (with optional battery pack) 

Continual zero-setting is a thing of the past , . . even on 
the 10 pw range, with the new @ 431A Power Meter. A 
drift stability of less than 2 microwatts per "C means that 
in typical laboratory environments one zero setting will hold 
for hours. In addition, only one zero adjustment is needed 
to calibrate the 431A for all ranges! Even in less favorable 
environments only occasional adjustment is necessary. 

The extreme temperature stability of this instrument makes 
possible (and usable) an additional sensitivity of 10 db over 
previously available equipment. Full scale readings of 10 
pw to 10 mw are covered in 7 ranges. The meter face is also 
calibrated in dbm with 5 db between ranges. Direct-reading 
accuracy is t 3% of full scale. 

Newly-designed temperature-compensated thermistor 
mounts are required for operation with the @ 431A. The 
new @ 478A Coaxial Mount covers 10 MC to 10 GC 
(KMC) and the new 486A Waveguide Mount is being 
made available for the various waveguide bands. 

Microwave standards measurements can be made to high 
accuracy and resolution with the Model 43 1A by using the 
automatic bridge as a transfer device. A dc calibration input 
jack permits precise dc calibration of the thermistor mount. 
The grounded output jack will then drive an appropriate 
digital voltmeter for increased resolution. 

The @ 431A also has an optional rechargeable battery 
pack which will give up to 24 hours of completely portable 

Uses: 

Instantaneous microwave power measurements with 
higher accuracy 

MicrOwave stadards measurements with appropriate 
techniques 
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operation. A front panel control selects ac operation with 
trickle-charge, battery operation, or battery charge alone. 

Circuit Description 

Two balanced bridges are employed in the @ 431A.  One 
arm of each is a temperature-sensitive element. The ther- 
mistor units are in close thermal proximity in the dual mount. 
One bridge is made sensitive to a combination of rf power, 
audio power, and power supplied by ambient temperature 
change. The other bridge element is made sensitive to audio, 
temperature, and dc power. By suitable design of the ther- 
mistor mounts, the thermal characteristics are made virtually 
identical. In this way, dc power in one bridge is made equal 
to rf'power in the other. The  dc power is metered. Both 
bridges are continuously maintained in a balanced condition 
so both thermistor elements have similar heat transfer char- 
acteristics at all times. 

This unique circuit approach gives a self-balancing device 
for both rf power and temperature changes, with all critical 
components located within a feedback loop. If thermistors 
and mounts were available that tracked identically with 
temperature, no zero setting would ever be necessary. The  
new @ 4 7 8 A  and 486A dual thermistor mounts use ex- 
tremely high heat-conductivity metals and selected ther- 
mistors for exceedingly close tracking, even in the presence 
of thermal shocks. 

Specifications \ 

@ 437A 

Power Range: 7 ranges. Full scale readings from 10 pw to 10 
mw. Also calibrated in dbm from -30 dbm to + l o  dbm. 
Accuracy: t 3 C / c  of full scale on all ranges. 
Overall Thermal Drift: Less than 2pw/"C (includes meter 

Operating Impedance: 100 or 200 ohms, negative, for 

Recorder/Voltmeter Output: Phone jack on rear with 1 ma 

Calibration Input: Binding posts on rear for calibration of 

Power: 1% watts, 115/230 v i l o%,  50-1,000 cps. 
Dimensions: 7%'' wide, 61/2" high, 121/2" deep. 
Weight: Net, approximately 10 Ibs. 
Accessories Furnished: 5-foot interconnection cord for @ 

temperature-compensated thermistor mounts. 
Accessories Available: Rechargeable battery pack. 
Price: @ 431A,  $345.00. 

@ 4 7 8 A  THERMISTOR MOUNT 
Newly-designed model 478A Thermistor Mount, a wide- 

range, temperature compensated device, contains two ther- 
mistor pairs for use with the dual bridge @ 4 3 1 A  Power 
Meter. Frequencies from 10 M C  to 10 C C  (KMC) are 
covered with this one broadband unit, and no tuning is 
required. 

Very similar thermal environments are provided for the 
two thermistor pairs. Excellent tracking is achieved, even 
when thermal shocks are applied. When used with the @ 
431A Power Meter, Model 478A gives high accuracy and 
virtually drift-free operation. 

and 478A/486A mounts). 

operation with @ 478A/486A.  

into maximum of 2,000 ohms. 

bridge with precise dc standards. 

@ 4 7 8 A  with @ 437A 

Frequency Range: 10 M C  to 10 GC. 
SWR: Less than 1.5 (less than 1.3 - 50 M C  to 7 G C ) .  
Power Range: 1 p w  to 10 mw. 
Elements: Four 100 ohm, negative temperature coefficient 

Price @ 4 7 8 ~ 4 ,  $145.00. 
thermistors permanently installed. 

@ 4 8 6 A  WAVEGUIDE 
THERMISTOR MOUNT 

X-band power measurements can now be made with high 
accuracy and new operating convenience. New @ 4 8 6 A  is 
a temperature-compensated 1 pw sensitivity mount contain- 
ing two thermistor elements i n i a  mounting scheme pro- 
viding very similar thermal environments. Extremely &se 
temperature tracking is achieved, even with the application 
of thermal shocks, making the instrument remarkably free 
from drift. 

Model 486A covers X band, with no tuning required. 
Temperature-compensated waveguide mounts  f o r  o ther  
bands are also being made available. Request latest price and 
delivery information. 

Specifications 
@ 4 8 6 A  with $8 431A 

Frequency Range: 8.2 to 12.4 GC. 
Power Range: 1 pw to 10 mw. 
SWR: Less than 1.5.. 
Elements: Two permanently installed 100-ohm negative co- 

efficient-thermistors. 
Waveguide Size: 1 x ?h inches. 
Pr'ice: @486A,  $145.00. 

Data subject to change without notice. 
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@ 430C MICROWAVE POWER METER 

Direct, Automatic, Instantaneous Pulsed or CW Power Readings 

Advantages: 

Reads direct in dbm or mw; 
no tedious calculations 

Wide power range; nominal range 
extendable with directional 
couplers and attenuators 

Automatic operation; usable 
with many different bolometers 

Uses: 

Instantaneous microwave power 
measurements, pulsed or C W  

Use on waveguide or coaxial system 

This @ Microwave Power Meter gives you instantaneous 
rf power readings direct in dbm or mw-and completely 
eliminates tedious computation and troublesome adjustments 
during operation. The instrument may be used at any fre. 
quency for which there are bolometer mounts-and meas. 
urements are entirely automatic. 

In measuring power, @ 430c  uses either a negative or 
positive temperature coefficient bolometer at 100 or 200 ohm 
levels. Power is read direct in milliwatts, 0.01 to 10 mw, or 
in dbm from -20 to +lo. Higher powers may be meas- 
ured by adding attenuators such as @ 370, 380 or 382A 
series to the system. Directional couplers such as @ 750 or 
@ 752 may also be used to sample energy. 

When used in an appropriate bolometer mount, instru- 
ment fuses are generally satisfactory for measuring CW, 
pulsed, square- or sine-wave modulated power at frequen- 
cies up to 4 GC (KMC). Barretters and thermistors can be 
used for these measurements at much higher frequencies; up 
to 12.4 GC for barretters (in @ mounts) and up to 40.0 
GC for certain thermistors. 

Hewlett-Packard waveguide bolometer mounts for the 
430C are available covering, collectively, the frequency spec- 
trum from 2.6 to 40.0 GC. Each bolometer mount covers a 
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complete waveguide band. In addition, three coaxial bolom- 
eter mounts cover the frequency spectrum from 10 MC to 
10 GC. Model 430C Microwave Power Meter will furnish 
dc bias current for all bolometer mounts which require up 
to 16 ma bias current. Fine as well as coarse control of the bias 
current permits exact balancing of the bolometer element in 
the bridge over wide range ambient temperature variations. 

a 
o, 
C 

-W 

c 
- Q, 
a 

- 

- 2 '  - 

Circuit Description 

i@ 430c consists of an audio bridge, one arm of which 
is a power-sensitive element. The bridge is initially balanced 
with no rf power in the element. As rf power is applied, the 
equivalent in audio power is automatically removed, so the 
bridge remains in balance. The change in audio power level 
indicates directly on a VTVM calibrated to show rf power in 
the sensitive bridge arm. 

C O A X I A L  S Y S T E M S  
* 4 7 7  6 b 

Olmw 
t o  IO mw -476 A 8 

Y 

4 * c 4758 

IO MC 1 GC 4 GC I O G C  

W A V  EGU I DE S Y S T E M S  

Specifications @ 4 3 0 C  
Power Range: 5 ranges, front panel selector. Full scale 

readings of 0.1, 0.3, 1, 3 and 10 mw. Also continuous 
readings from -20 to +IO dbm. ( 0  dbm = 0.001 
watt). Power range may be extended with attenuators or 
directional couplers. 

External Bolometer: Frequency range depends on bolometer 
mount. Bolometers can operate at resistance levels of 100 
or 200 ohms and can have positive or negative tempera- 

ture coefficients. Any dc bias current up to 16 ma is avail- 
able for biasing positive or negative temperature coeffi- 
cient bolometers. DC bias current is continuously adjust- 
able and independent of bolometer resistance and power 
level range. 

Suitable bolometers are: 

Instrument fuses: @ G-28A 1/100 amp fuse. 

Barretters: Sperry 821, Narda N821B or N610B, PRD 
6lOA, 614, 617 or 631C. 

Thermistors: W. E. D166382 and 32A3, V. E. Co. 32A3, 
32A5, Narda 333, 334. 

Accuracy: t 5 %  of full scale reading. 

Power: 115/230 v _t lo%, 50/1,000 cps, 90 watts. 

Dimensions: Cabinet Mount: 7?/zf' wide, 11?/2" high, 14%" 
deep. Rack Mount: 19" wide, 7" high, 13Y8'' deep be- 
hind panel. 

Net 18 lbs. Shipping 30 Ibs. (rack mount). 

$6.50; AC-16D Cable Assembly, $3.50. 

(rack mount). 

Weight: Net 14 Ibs. Shipping 19 Ibs. (cabinet mount). 

Accessories Available: AC-16K Video Cable Assembly, 

Price: i@ 430C, $250.00 (cabinet); @ 430CR, $255.00. 

Data subject t o  change without notice. 



@$ BOLOMETER, THERMISTOR MOUNTS 

@ 4778 Thermistor Mount 
This thermistor mount provides full frequency coverage 

10 MC to 10 GC with SWR of less than 1.5. It requires 
no tuning, and employs long time-constant elements assur- 
ing measurement accuracy even for low duty cycle pulses. 
The instrument is not susceptible to burnout even at power 
levels as high as 1 watt. 

@ 477B is designed for use with the @ 430C Micro- 
wave Power Meter and can also be used with other bolom- 
eter bridges providing negative temperature coefficient oper- 
ation at the 200 ohm level. Approximately 13 ma of bias is 
required. 

Specifications 

Frequency Range: 10 MC to 10 GC (KMC). 

SWR: Less than 1.5 (less than 1.3-50 MC to 7 GC) .  

Power Range: 0.01 to 10 mw (with @ 430C Microwave 
Power Meter). 

Element: 200 ohm, negative temperature coefficient ther- 
mistor included. 

Accessories Available: AC- 16K Video Cable Assembly, 
$6.50. 

Price: @ 477B, $75.00. 

@ 4 7 6 A  Universal Bolometer Mount 
Used with @ 430C Microwave Power Meter, this uni- 

versal bolometer mount measures power from 10 to 1,000 
MC and gives instantaneous, automatic power readings from 
0.02 to 10 milliwatts. No tuning or adjustment is necessary. 
Higher powers may be measured by use of attenuators and 
directional couplers in conjunction with Model 476A. SWR 
is low, and reflected power is less than 0.1 db under most 
conditions. 

Specifications 

Nominal Impedance: 50 ohms. 

Maximum SWR: Less than 1.15, 20 to 500 MC. 
Less than 1.25, 10 to 1,000 MC. 

Maximum Power: 10 milliwatts. 

Bolometer Element: Four 8.25 ma instrument fuses, spe- 

Accessories Available: AC-16F RF Cable Assembly, $15.00; 

Price: @ 476A, $85.00. 

cially selected and treated. ( @  G-28B.) 

AC-16K Video Cable Assembly, $6.50. 

Ddta subject to change without notice. 
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@ 485 DETECTOR, BARRETTER MOUNTS 

Simple Devices for Measuring or Detecting RF Power 

Specifications 
Hewlett-Packard offers three basic 485 series Mounts, each 

ideally designed for its function and frequency range. 
@ S485A, 2.6 to 3.95 GC (KMC), is offered in the S 

band range only. This instrument uses a Sperry 821 or Narda 
N821 barretter and requires no tuning. SWR is less than 
1.35 over the entire waveguide band. 

@ 4858 series, for higher waveguide frequencies (3.95- 
12.4 GC), is tuned by a variable short adjustable to SWR 
of less than 1.25 full range. For power measurements this 
results in a reflection loss of less than 0.1 db. @ 485B 
Mounts employ either a Sperry 821 or Narda N821 barret- 
ter. Or, for maximum sensitivity a IN21 or a 1N23 silicon 
crystal may be used. Detector elements can be quickly inter- 
changed. 

@ 485D Waveguide Barretter Mounts are available in S, 
G, and J bands covering 2.6 to 8.2 GC. These instruments 
are supplied with factory-installed $21-type barretters tested 
for SWR, frequency response and square-law characteristics. 
Sensitivity is 0.2 v/mw, SWR ranges from 1.35 to, 1.5, 
response is + 1 db and variation from square-law character- 
istic is less than & 0.5 db. N o  tuning required. @ AC- 
60K Barretter Matching Transformer is required to inter- 
connect the 485D with @ 416A Ratio Meter (pages 172, 
173). 

All models have BNC output connectors mating with 
UG88/U plugs. 

IDetector not supplied. *SWR increases to 1.5 a t  5.2 GC. 
All mounts accept either barretter or crystal except -hp- S485A, which employs 

barretter only. 
'From 5.2 to 7.5 GC. Increases to approximately 2.0 at  8.2 GC. 
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Figure I .  Typical SWR vs. Frequency, @ 485, when used 
with barretter. 

Data subject to change without notice. 



@ 487 WAVEGUIDE THERMISTOR MOUNTS 

Low SWR, No Tuning. Covers Full Waveguide Frequency Range 

Hewlett-Packard 487 series Waveguide Thermistor 
Mounts are dependable, accurate and convenient instruments 
that materially simplify setups and save operator time in 
microwave power measurement. 

Series 487 instruments collectively cover all frequencies 
from 2.6 to 40.0 GC (KMC). 

Each 487 series mount covers the full frequency range of 
its waveguide band and requires no tuning. The long time 
constant of the mount makes it ideal for measuring average 

power of low duty cycle pulses. Since t..ormistors have in- 
herent overload protection, and since the majority of power 
is reflected during overload conditions, burnouts are virtu- 
ally impossible. 

Model 487 mounts are equipped with cover flanges and 
BNC output connectors. They are designed for use with 
microwave power meters such as @ 430C or other instru- 
ments responsive to negative temperature coefficient bolo- 
meters operating at the 100 or 200 ohm level. 

Specifications 

Thermistor: Permanently installed 100-ohm negative coefficient ther- Accessories Avai lable:  AC-16K Cable Assembly, $6.50. 
1K and R-band units with UG425/U and UG381/U flanges are  

Data subject t o  change without notice. 

mistor. (K487C and R487B use 200-ohm thermistors.) 

Thermistor Time Constant: Approximately 1 second when cooling on available; specify K487BC or R487BC. 

an open circuit. 



IMPEDANCE MEASUREMENTS 

k . 
-hp- -hp- -hp- 

LOAD 
UNDER 
T E S T  

SIGNAL - 360 - SLOTTED - 
GENERATOR LOW PASS SECTION 

FILTER 

Of all the possible measurements to 
be made in design and production, prob- 
ably the most important is impedance. 
With distributed parameters impedance 
varies with the position of measure- 
ment. Hence all impedance measure- 
ments must be referred to some refer- 
ence plane. Since impedance determines 
reflected energy caused by the load, in- 
formation concerning a load can often 
best be obtained by de termining  the  
magnitude of the reflection coefficient. 

The value of the reflection coefficient 
can be determined by using a slotted sec- 
tion of a transmission line and measur- 
ing the standing wave ratio, (ratio of 
maximum to minimum voltage in the 
system feeding the load). It also can be 
measured directly with a reflectometer 
by sampling the incident and reflected 
waves and obtaining their ratio which 
is equal to the reflection coefficient. T h e  
reflectometer method will be explained 
following the discussion of the slotted 
line. 

b 

Slotted Line Measurements 

A typical setup for making slotted 
line measurements is shown in Figure 1. 
The transmission system contains the in- 
cident wave and a reflected wave which 
is proportional to the mismatch of the 
load. These two waves will alternately 
cancel and add, setting up  a standing 

wave pattern along the line. By insert- 
ing a probe into the slotted section and 
sliding it along the line the resultant 
voltage pattern may be measured. The 
usual practice is to amplitude modulate 
the signal source and to use a crystal 
or bolometer to  detect the rf at the 
probe. The  detected output of the probe 
is connected to a high sensitivity, tuned 
voltmeter, such as @ 415B Standing 
Wave Indicator. Using this procedure, 
the SWR and the position of maxima 
and minima of the load can be deter- 
mined. The  load is then replaced by a 
short circuit and the shift of the mini- 
mum is recorded. By entering this in- 
formation on  a Smith Chart, the meas- 
ured impedance can be transformed 
back to the point of interest. In this 
way, one can determine the value of 
the reflection coefficient and the im- 
pedance in magnitude and phase. 

Slotted Line Techniques 

In measuring with this setup there 
a re  several places where  errors  may 
occur. A proper operating technique 
will eliminate or minimize these errors. 
Errors may arise from the following 
causes : probe loading, generator mis- 
match, detector characteristics, harmon- 
ics, FM, and other spurious signals. 

Harmonics  and  spurious signals 
should be minimized by use of low pass 

SQUARE WAVE 

STANDING 

DETECTOR 
PROBE 

I I 

Figure I. Typical setup for impedance measurements. 

filters such as Hewlett-Packard 360 and 
362A series (page 186) .  Proper modu- 
lation techniques are explained in  the 
signal generator section of this catalog 
(pages 127-147). Of special impor- 
tance is the fact that modulation should 
not be attempted by very short pulses 
or poor quality square waves. When 
modulating klystrons in such a manner 
the resulting FM tends to obscure the 
nulls of the standing waves. To avoid 
FM, modula t ion  of klystron s igna l  
sources should be by square wave. 

Since the ratios of different voltage 
levels are being measured with slotted 
lines, it is essential that the detection 
follow the same law for all levels. If 
barretters are operated at levels less than 
200 microwatts and crystals at power 
levels of less than 20 microwatts, the 
characteristics are closely square law. It 
is for this condition that the @ 415B 
meter scale is calibrated. This condition 
will be adequately met in the setup 
shown in Figure 1 (for standing wave 
ratios of 10 to 1 or less), if the probe 
coupling is reduced to a point where 
the standing wave minimum is 5 to 10 
d b  above the system noise level. 

T h e  sampl ing  probe  wi l l  extract 
some power from the line to supply the 
indicating devices and in addition will 
set up  reflections in the line from the 
probe itself. Both errors become greater 
as the probe insertion is increased. It is 
therefore  impor tan t  i n  s lot ted l ine 
measurement to keep the probe penetra- 
tion at a minimum. 

The  power extraction by the probe 
can be explained by considering the 
probe as admittance shunting the line. 
This admittance is kept small by coup- 
ling as loosely as possible (small pene- 
trations) and by using a high sensitivity 
detector in conjunction with a source 
output of one milliwatt or more. If the 
coupling between the probe and the line 
is not small, shunt admittance intro- 
duced by the probe will cause the mea- 
sured SWR to be lower than the true 
SWR (as  shozm ia Figure 2 )  and will 
shift both the maximum and the mini- 
mum from their natural position. 
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Figure 2. Effect of probe penetration 
on measured SWR. 
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An exception to this minimum pene- 
tration rule occurs when it is desired to 
examine in detail the minimum point 
on the standing wave ratio pattern. For 
this work a greater probe penetration 
can be tolerated because the voltage 
minimum corresponds to the lowest im- 
pedance point on the line. 

In addition to extracting power from 
the line, the penetration of the sam- 
pling probe into the slotted section 
gives rise to reflections from the probe 
itself. These reflections travel back to- 
wards the generator. If the generator 
is mismatched, these reflections are re- 
reflected. When the probe is moved un- 
der these conditions, the phase of its 
reflection is changed and errors result. 
However, reflections from the genera- 
tor are a second-order effect, important 
only when measuring low standing 
wave ratios ( 2  or less). In this case, 
a moderately good match between the 
generator and load is desirable. In gen- 
eral, the match of an @ signal genera- 
tor is sufficient for this purpose, provid- 
ing the cables and connectors do not 
introduce additional reflection. How- 
ever, when klystrons drive a waveguide 
network directly, the match is poor. 
Therefore, the klystron should always 
be followed by a pad or an isolator. 

Impedance Measu rements 
With VHF Bridge 

Below 500 MC, slotted sections be- 
come exceedingly long; and other tech- 
niques for impedance measurements are 
more desirable. For these frequencies, 
@ Model 803A VHF Bridge is ideal. 
(See  Figure 3.) 

The VHF bridge provides a conven- 
ient means of measuring impedances, 
reading directly both magnitude and 

4% -hp- 
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VHF BRIDGE SHIELDED 
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phase angle. The  bridge is operated 
simply by tuning two controls until a 
sharp null is obtained. At the null, one 
dial reads unknown impedance in ohms 
and the other dial shows phase angle. 

Because of the null nature of the 
measurement, the voltages measured are 
very small. Therefore, to avoid any 
effects from extraneous voltages, lines 
connected to the bridge should be ade- 
quately shielded. The signal source sup- 
plying this bridge should be capable of 
delivering several milliwatts of power 
for a well defined sharp null to be ob- 
served. The detecting equipment should 
have high sensitivity, as does the @ 
4 1 7 A  VHF Detector which is designed 
primarily to be used with Model 8 0 3 A  
Bridge. 

The bridge is basically an unbalanced 
device; and in many cases it is desirable 
to measure balanced systems. This can 
be accomplished by the use of a balun. 
A half wavelength balun is equivalent 
to a 4 to 1 impedance transformer. 
Hence, impedances measured at the in- 
put of the balun should be multiplied 
by 4 to obtain the actual impedance. 

Reflectometer Measurements 
The reflectometer is the most useful 

impedance measuring technique for 
fast, comprehensive production meas- 
urements. The reflectometer will indi- 
cate magnitude of impedance but will 
not provide phase information as will 
a slotted line measurement. However, 
in the typical production situation an 
SWR measurement alone is quite ade- 
quate, and phase information is not 
needed. 

With the availability of the 938/940 
Frequency Doubler Sets (see pages 146, 
147)  which are capable of providing 
swept frequency rf power in K and R 
bands, reflectometer capabilities are ex- 
tended to 40 GC (KMC). A typical 
reflectometer setup is shown in Figure 
4. This arrangement determines the 
magnitude of the reflection coefficient 
by using two directional couplers to 
sample the incident power to a load and 
the reflected power. The couplers drive 
detectors which are connected to a 1,000 
cycle ratio meter (@ 41 6A, pages 172, 
173)  where a ratio measurement is 
made. Since the @ 416A is calibrated 
for square law detectors the resultant 
ratio of the two sampled powers is in- 
dicated directly as reflection coefficient 
on a front panel meter. Model 416A 
also provides a dc output to an X - Y  
recorder for making permanent records. 

The  reflectometer method is most 
practical for measuring reflection coeffi- 
cients up to approximately 0.5 (SWR 
3.0). When used with swept frequency 
techniques and calibrated with a fixed 
short circuit at loo$& reflection, accu- 
racies of approximately 2 .02 may be 
obtained for reflection coefficients of 0.1 
(SWR of 1 .22 ) .  For reflection coeffi- 
cients of 0.4 (SWR of 2.3) accuracies 
of approximately t .04 may be obtain- 
ed. The potential accuracy of the reflec- 
tometer, however, is greatest at low 
SWR's when used at a fixed frequency. 
A rather simple calibration procedure, 
using a slide screw tuner, a moving 
load, and a slidir?g short circuit, cancels 
out ambiguity caused by the reverse 
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coupler directivity. Under ideal condi- 
tions errors of less than t .005 in re- 
flection coefficient are attainable; this is 
equivalent to a slotted line measurement 
in a line with a residual SWR of 1.01. 

@ reflectometers are  available to  
measure reflection coefficients rapidly 
and with good accuracy in all @ wave- 
guide frequencies, as well as for a wide 
frequency range in coaxial cable sys- 
tems. 

The table below lists the required 
components needed to set up a reflec- 
tometer in any given frequency range, 
both coaxial and waveguide. In the K 
and R band frequency regions some 
overlap of dr iv ing  generators  is re- 
quired. 

Al though electronically swept  rf 
sources provide faster measurements, 
they are not an absolute necessity. Very 
satisfactory measurements may be made 
with any manually-tuned signal source 
and an X-Y recorder at the output of 
the ratiometer. It is only necessary to 
sweep manual ly  through the  ent i re  

SWEEP VOLTAGE 

ADJUST POWER LEVELTO -hp- 
APPROXIMRIELY IMW MAX 116A 

INTO 7520, RATIO METER- -- 
'\ - hp- 

-hp- '% 421A YTAL DETECTORS 

\ -hp- 1 5 2 C  
- -- - /' 

/ -hp-lniA 2 0 0 8  DlRECTlONAL COUPLER' 'IODB DIRECI IONAL COUPLER 
WAVEGUIDE-COAX ADAPTER 

F O R W A A D  REVERSE 
SAMPLE SAMPLE 

Figure 4. Typical reflectometer setup. Wri te  for  @ Application Note  Number 42, APPLICA- 
T I O N S  OF T H E  416A RATIOMETER.  for  a full description of $he reflectometer technique, 
including error analysis. Also request Hewlett-Packard Journal, Vol. 12, N o .  4, Improt,ed 
Sweep Frequencr Techniques for  Broadband Microu~ave Testing. 

range to get a plot of reflection coeffi- 
cient. In  the frequency range from 36 to 
40 GC for instance, the 628A Signal 
Generator may be used in a manual 
sweep mode. 

A series of @ application notes is 
available on request to provide detailed 

informat ion  on  certain microwave 
measurements, techniques; for instance 
#21 Microwave Standards Prospectrls, 
#27 Basic Microwave Measurements, 
# 3 8  M i c r o w a v e  Measuremeii ts  for 
CaLibration Labs, aiid #39 Statzdards 
Calibratioiz Procedures. 

Table I. Equipment for reflectometer systems, coaxial and waveguide, using '@ 416A Ratio Meter 

COAXIAL 
2 I6 - 450 MC 

Band 

M- 10.0- 15.0 M421A (matched)  

K - 18.0-26.5 K422A (matched)  K7 

'Requires AC-60K Barretter Matching Transformer. 
*764D - 767D are dual directional couplers, only one required. 
Supplementary equipment for greater convenience: Oscilloscope, long persistence CRT, @ Models IZOA, 122A or 1308 with P-7 phosphor. 
X-Y Recorder, F. L. Moseley M o d e l  2D. 
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@ 4158 STANDING WAVE INDICATOR 

Reads Direct in SWR and db 

Specifications 
Frequency: 1,000 cps A 2% (315 to 2020 cps on special order). 
Sensitivity: 0 . 1 , ~ ~  at a 200 ohm level for full scale deflection. 
Noise Level: Less than 0.03 pv ref. to input operated from a 200 

Amplifier 9: 25 * 5 .  
Calibration: Square law. Meter reads SWR, db. 
Range: 70 db. Input attenuator provides 60 db in 10 db steps. 

Accuracy * 0.1 db per 10 db step. Cumulative error * 0.2 db. max. 
Scale Selector: “Normal,” “Expand,” and ”- 5 db.” 
Meter Scales: SWR: 1-4; SWR: 3-10; Expanded SWR: 1-1.3; db: 

0-10; Expanded db: 0-2. 
Gain Control: Adjusts to convenient reference level. Range at least 

i o  db. 
Input: “Bolo” (200 ohms). Bias provided for 8.7 ma boIometer or 

1/100 amp. fuse; or 4.3 ma low current bolometer. 
“Crystal.” 200 ohms for crystal rectifier. 
“200,000 ohms.” High impedance for crystal rectifier as null 
detector. 

Output: Jack for recording milliammeter having 1 ma full scale 
deflection, internal resistance of approx. 1,500 ohms. 

Power: 115/230 v * lo%, 60 cps (other frequencies available on 
request), 5 5  watts. 

Dimensions: Cabinet Mount: 7%” wide, 11%“ high, 12%” deep. 
Rack Mount: 19” wide, 7“ high, 11” deep behind panel. 

Weight: Net 13 Ibs. Shipping 19 Ibs. (cabinet mount). Net 17 
lbs. Shipping 29 Ibs. (rack mount). 

Accessories Furnished: 1 41A-16E Cable Assembly. 
Accessories Available: Plug-in Filters (specify frequency) ; 415B 

42B (315-700 cPS), $60.00. 415B-42C (700-2020 CPS), $50.00. 
AC-16K Video Cable Assembly, $6.50. AC-16D Cable Assembly, 
$3.50. 

Price: @415B, $200.00 (cabinet); 9 415BR, $205.00 (rack mount), 
Data subject to change without notice. 

ohm resistor. 

The @I 415B is designed for use with @ slotted lines 
and detector mounts for the measurement of standing wave 
ratio or as a null detector for bridge measurements. Consist- 
ing of a high gain amplifier with very low noise level, the 
instrument operates at a fixed audio frequency and presents 
amplifier output on a square law calibrated meter reading 
direct in SWR or db. Features include a 5 db attenuator to 
allow all measurements to be made in the more readable 
upper portion of the meter scale, an expanded SWR scale 
for accurate measurements of very flat systems, and a re- 
corder output terminal for making permanent SWR records. 
A simple gain control adjusts the instrument to a convenient 
level. 

Input Arrangements 
Three input arrangements are provided. A switch selects 

(1) a 200 ohm termination with bias of 4.3 or 8.7 ma for 
bolometers, ( 2 )  an unbiased 200 ohm termination for crys- 
tals, ( 3 )  a 200,000 ohm load for null measurements. A jack 
and monitor cable are provided for connecting an external 
milliammeter to measure bolometer current. 

The instrument is normally supplied for operation at 
1,000 cps. However, on special order it is available equipped 
for operation at any filter frequency from 315 to 2,020 cps 
(should not be harmonically related to power line fre- 
quency). Units for converting the 415B to operation at any 
frequency in the above range can be obtained at nominal 
charge and installed in the field. 



@ 805C/D SLOTTED LINES 

" Parallel-Plane" Design Gives Utmost Electrical Stability 

The @ 805 Slotted Line incorporates a different structural 
design with precision manufacture, resulting in an instru- 
ment of unvarying accuracy for the measurement of micro- 
wave circuits. 

lanes and a rigid This instrument employs two parallel 
central conductor, offering important a a vantages over the 
standard slotted section. 

For exam le, the parallel planes are rigid; insuring greater 
accuracy ancfa rigid probe carriage. The  central conductor is 
proportionately larger and more rigid, with less tendency 
to bow. Depth of probe penetration is inherently less criti- 
cal, and carriage inaccuracies are minimized. Leakage is also 
low because the effective slot opening is small. SWR of the 
basic section is less than 1.02. 

The probe circuit is tunable 500 to 4,000 megacycles. 
Depth of probe penetration can be quickly and easily ad- 
justed. 

Two versions of the @ 805 are offered; the 805c,  pro- 
vided with Type N connectors, and the 805D with con- 
nectors suitable for mating to RG44/U stub supported co- 
axial cable. 

Basic slab sections of @ 805C/D and @ 872A Coaxial 
Slide Screw Tuners ( see  Puge 187)  are identical. Two con- 
nectors can be eliminated when flattening a coaxial system 
by mounting both an 8 0 5 c  or D and 872A on one slab sec- 
tion. In this arrangement, the lower frequency limit becomes 
approximately 1,000 MC. 

Specifications 
@ 805C 

Frequency Range: 500 MC to 4,000 MC (minimum frequency 
determined by usable length of 14% inches). 

Character ist ic Impedance: 50 ohms. (For use with any 50 ohm 
cable using Type N connector.) 

Connectors: Type N. (One male; one female.) Special fittings 
designed to mate with Type N connectors, provide a minimum 
SWR. Connectors compensated so that either end may be con- 
nected to the load. 

Residual SWR: 1.04. 
Cal ibrat ion:  Metric, calibrated in cm and mm. Vernier permits read- 

ing to 0.1 mm. 
Detec tor  Probe: Tunable robe provided for entire frequency range. 

Detector element may [e 1N21B crystal (supplied with instru- 
ment), Sperry 821 barretter, Narda N821 barretter, or selected 
1/100 amp. instrument fuse. 

Weight :  Net 18 Ibs. Shipping 30 Ibs. 
Accessories Furnished: 1 803A-76G shorting plug; 1 8A-76H short- 

ing jack. 
Accessories Avai lable:  AC-16F rf Cable Assembly, $15.00; 475B- 
34V Barretter Adapter, $2.00; AC-16K Cable Asembly, $6.50. 
814-45 Carrying case 29" long, 71/2'' high, 71/2 wide, $65.00. 

Price: @805C, $525.00. 
@ 805D 

supported coaxial cable. 78'' outside diameter. 
Character ist ic Impedance: 46.3 ohms. For use with RG 44/U stub 

Connections: (One male, one female UG 45/U and UG 46/U.) 
Residual SWR: 1.02. 
Accessories Furnished: 1 8B-76G shorting plug. 
Accessories Avai lable:  8B-76H shorting jack, $6.00; AC-16K; 475B- 

Price: @ 805D, $600.00. 
34V; 8A-45, as described above. 

(Other specifications same as 805C) 

Data subject I O  change without notice. 



@ 8098/814B UNIVERSAL PROBE CARRIAGES 

Low Cost, Precision Tools for Microwave Readings to 40 GC (KMC) 

Advantages: 

Universal mounting for different slotted sections 

Slotted sections interchange in 30 seconds 

Broad usefulness, 3 to 40 GC (KMC) 

809B carriage operates with waveguide or coaxial 

Models 809B and 814B Universal Probe Carriages are 
precision-built mechanical assemblies designed to operate, 
respectively, with @ 810B series and 815B series slotted sec- 
tions. The combination of 809B Carriage and 810B series 
sections covers 3.95 to 18.0 GC. Model 814B Carriage and 
815B series sections cover 18.0 to 40.0 GC. 

sections 

Precision accuracy, highest stability 

Simple operation, compact, low cost 

Use T o  Measure: 

Characteristics of rf waveguide systems or coaxial 
transmission lines 

Standing wave magnitude and phase 

Impedance 

System flatness, connector reflection 

Degree of antenna match 

Percent of transmitted or reflected power 

These Universal Probe Carriages greatly simplify meas- 
urements involving a number of waveguide bands, and elim- 
inate the cost of a special probe for each band. There is an 
appreciable saving on engineering time since waveguide sec- 
tions can be interchanged in seconds. Manufacture of both 
carriages is of highest quality throughout to assure mainte- 
nance-free service, positive mechanical positioning of inter- 
changeable waveguides, and precise installation of the mating 
@ probes (see pages 170, 171) .  @ 809B has a vernier scale 
permitting readings to 0.1 mm and provision for mounting 
a dial gauge for greater accuracy. @ 814B has a dial indi. 
cator which may be read directly to 0.01 mm. 

@ 810B Waveguide Slotted Sections. (for 809B) are 
accurately machined sections of waveguide in which a small 
longitudinal slot is cut. They fit the 809B Carriage in a 
precisely indexed position. A traveling probe mounted on 
the 809B samples the waveguide’s electric field along the 

i$ 8098 with i$ 
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@ S810A Waveguide Slotted Section 

Conventional waveguide slotted section with probe car- 
riage mounted directly on waveguide. Will accept @ 442B 
or 444A Probes. 

Frequency Range: 2.6 to 3.95 GC. 

Slope and Irregularities: 1.01 SWR. 

Residual SWR: Less than 1.01. 

Waveguide Size: 3” x 

Length: 12%’‘. 

Price: @ SslOA, $450.00. 

slot, and permits precise plotting of variations throughout 
the length of probe travel. Slotted sections are accurately 
machined from normalized aluminum castings to insure a 
uniform cross-section. Ends of the slots are tapered to re- 
duce slot reflection to less than 1.01 SWR. 

@ 8066 Coaxial Slotted Section (for 809B). This in- 
strument provides continuous coverage from 3 to 1 2  GC. 
Impedance is 50 ohms to match flexible coaxial cables. The 

broadband sect i on  
has spec ia l  fittings 
mating with Type N 
connectors to assure 
minimum SWR. 

@ S8 I OA Waveguide Slotted Section. This instrument 
is a conventional slotted waveguide complete with a probe 
carriage mounted directly on the section. Model S810A is 

- available in the 3” x 
1%” (2.6 to 3.95 GC) 
S band frequency range 
only. It uses @ Broad- 
band Probes and De- 
tector Mounts shown 
on pages 170, 171. 

rl 

@ 8 158 Waveguide Slotted Sections (for 814B). Avail- 
able in K and R bands (18.0 to 40.0 GC) ,  these waveguide 

slotted sec t ions  are 
carefully machined for 
time - saving accuracy 
in measurement. 

Specifications 

@ 8 0 9 B  Universal Probe Carriage 

Carriage: Mounts all @ 810B Waveguide Slotted Sections 
and @ 806B Coaxial Slotted Section. 

Probe Required: @ 442B Broadband Probe in combina- 
tion with @ 440A Detector or @ 444A Untuned Probe 
(see pages 170, 171) .  

Probe Travel: 10 centimeters. 

Calibration: Metric. Vernier permits readings to 0.1 mm. 
Provision for dial gauge installation. 

Accuracy: When used with waveguide sections, SWR of 
1.02 can be easily read. Slope error of slotted sections 
may be eliminated by adjustment. 

Dimensions: 8” long, 6$”” wide, 5” high. 

Price: @ 809B, $175.00. 

($3 8068 Coaxial Slotted Section 

Carriage: Fits @ 809B Universal Probe Carriage. 

Frequency Range: 3 to 1 2  GC. 

Connections: Type N, one male, one female. Special fit- 
tings provide minimum SWR. Either end may be con- 
nected to load. Includes shorting connectors, male and 
female, for phase measurements. 

Approximately 1.06, 8 to 10 GC. 
Approximately 1.1, 10 to 1 2  GC. 

Pickup Error: Probe pickup variation along line is less than 
0.1 db except at extreme ends where variation is less than 
0.4 db. 

Residual SWR: Less than 1.04, 3 to 8 GC. 

Length: 10”. 

Price: @ 806B, $200.00. 

($3 8146  Universal Probe Carriage 

Carriage: Mounts all @ 815B Waveguide Slotted Sections. 

Probe Required: @ 446B Untuned Probe (see pages 170, 

Probe Travel: 4 centimeters. 

Calibration: Metric. Dial indicatqr reads direct to 0.01 

Accuracy: SWR of 1.02 can be read. 

Dimensions: 634‘’ long, 6%’’ wide, 6%’’ high. 

Price: @ 8143, $225.00. 

171) .  

mm. 

’$3 8108/8158 Slotted Sections 

Discontinuity due to slot results in SWR of less than 1.01. Slope a n d  irregu- 
larities: 1.01 SWR. 

Data subject to change without notice. 
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DETECTOR MOUNTS 

@ 4 2 0 A  Crystal Detector 
@ 420A couples a Type N coaxial line to a modified 

IN26 silicon diode for the detection of rf signals from 10 
MC to 12.5 GC (KMC). Careful engineering and construc- 
tion keep SWR low and give a flat frequency response over 
the three-decade frequency range. The polarity of the out- 
put signal is negative. 

Specifications 
Frequency Range: 10 MC to 12.5 GC. 
Sensitivity: Approximately 0.1 v/mw. 
Frequency Response: * 3 db. 
Maximum SWR: 3. 
Input Connector: Type N Male. 
Output Connector: BNC Female. 
Detector Unit: Modified 1N26 crystal, installed. 
Size: %” diameter, 3” long; shipping weight 1 Ib. 
Price: @ 420A, $50.00. 

@ 4208 Coaxial Reflectometer 
Crystal Mount 

Model 420B is similar in construction to the 4 2 0 A  but 
is designed specifically for applications where good square- 
law characteristics are desired. The 420B contains a video 
load resistor selected to give optimum square-law response. 
For use in reflectometer systems the 420B is available in 
matched pairs. A matched pair of 420B’s have identical 
individual specifications but the differences in frequency 
response and deviations from square-law combined are held 
within +- 2 db for the pair over the 1 to 4 GC range. 

. Specifications 
Same as Model 420A except: 
Frequency Response: Single unit same as 420A. Pairs matched within * 1 db from 1 to 4 GC. 
Square-law Characteristic: 2 1 db maximum variation from square- 

law over 1 to 4 GC and 0 to -40 dbm. 
Matched Pairs: Difference in frequency response and square-law 

characteristics combined (but excluding basic sensitivity) does 
not exceed t 2 db for the pair. 

Detector Unit:  Selected crystal with matched video load, factory in- 
stalled. 

Price: (2 420B, $75.00. Matched pair, $150.00. 

@ 4 2 1 A  Crystal Detectors 
These crystal detectors are accurate square-law devices 

for waveguide systems from H through P band, 7 to 18 GC. 
Each detector employs a crystal and video load resistor selec- 
ted for optimum square-law characteristics. Models 42 1 A 

are broadband instruments which have a flat frequency 
response and low SWR over the full waveguide band. Since 
tuning is unnecessary, measurements may be made at dif- 
ferent frequencies rapidly. For reflectometer applications 
Model 42114 Crystal Detectors are available in matched pairs. 

Specifications 
Sensitivity: Approximately 0.05 v/rnw. 
SWR: 1.5 maximum. 
Frequency Response: * 2 db. 
Square-law characteristic: * 1 db from 0 to - 40 dbm. 
Detector Unit: Modified 1N26 crystal and video resistor, installed. 
Matched Pairs: Differences in frequency response and square-law 

characteristics combined (excluding basic sensitivity) do not 
exceed t 2 db for the pair. 

Price: H421A X421A M421A P421A 

Single Unit: $ 95.00 .$ 75.00 $125.00 $130.00 
Matched 
Pairs: 210.00 170.00 270.00 280.00 

7 to 10 G C  8.2 to 12.4 G C  10 to 1 5  GC 12.4 to 18 G C  

@ 4 2 2 A  Crystal Detectors 
These new crystal detectors for K and R band waveguide 

systems (18 to 40 GC) combine high sensitivity and flat 
frequency response with accurate square-law characteristics. 
High sensitivity is obtained by mounting an @-developed 
silicon diode within the waveguide, and flat response is 
achieved by making the resonant frequency high. The crystal 
is mounted at the end of a tapered section of waveguide 
which matches the crystal to the waveguide impedance to 
keep SWR low over the entire waveguide band. Models 
422A are furnished with an @ AC-67D Feed-Thru Termi- 
nation consisting of a shunt resistor selected for optimum 
square-law characteristics. This termination may be removed 
for greater sensitivity. 

Model 422A Detectors are available in matched pairs for 
reflectometer systems. Differences in frequency response plus 
square-law characteristics (excluding basic sensitivity) do 
not exceed 2 2 db in a matched pair. 

Specifications 
Sensitivity: 0.05 v/mw. 
S W R :  2 5 maximum 
Frequency Response: * 2 db. 
Square-law Characteristic: f 1 db from -3 to -40 dbm. 
Maximum Power: 100 mw. 
Prices: K422A (18 to 26.5 G C ) ,  $ZOO.Oa!  

Matched pair $420 00. 
R422A (26 5 to 40 G C ) ,  $200.00. 

Matched pair $420.00. 
Data subject t o  change uithout notice. 
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SLOTTED LINE PROBES, DETECTORS 

@ 4 4 0 A  Detector Mount 
A simple, easily used instrument for detecting rf energy 

in coaxial or waveguide systems. In coaxial use it covers all 
frequencies 2.4 to 12.4 GC(KMC). Uses either IN21 or 
IN23 silicon crystal, 1/100 ampere instrument fuse or Sperry 
821 barretter. Simple single stub tuning. Type N rf input 
connector. BNC output jack. With @ 442B (below) be- 
comes sensitive, easily tuned detector for slotted waveguide 
sections. (Detector element not furnished as part of instru- 
ment.) @ 440A, $85.00. 

@ 442B Broadband Probe 
@ 442B is designed to be used with the 810 series of 

slotted waveguide sections, the 806B Coaxial Slotted Line 
and the 809A Universal Probe Carriage. The probe consists 
of a small antenna and housing which samples the rf field in 
the slotted section. Sampled rf appears at a female Type N 
connector, permitting connection to a receiver, spectrum 
analyzer or other equipment. Probe penetration is variable 
and the probe can be locked in place with a friction-type lock- 
ing ring. Spurious resonances are prevented by poly-iron 
inserts and the antenna probe is shielded. 

A sensitive detector for slotted line measurements is 
formed when the 442B is used with the 440A Detector 
Mount. @ 442B, $40.00. 

@ 444A Untuned Probe 
Model 444A Untuned Probe consists of an antenna and 

crystal detector in a convenient housing which mounts in an 
809B Universal Probe Carriage. Probe penetration into a 
slotted section can be varied quickly and easily, and a lock- 
ing ring fixes penetration. The detector is located near the 
rf pickup, minimizing residual reactances. Hence the in- 
strument has high sensitivity and flat response over a wide 
range of frequencies from the middle of S-band through P- 
band. Poly-iron inserts damp spurious resonances, 

S pec i f icat i o ns 
Frequency Range: 3 to 18 GC. 
Output Connector: BNC. 
Detector: Modified 1N26 Silicon Diode installed. 
Replacement Detector: dpi44A-2 5E crystal. 
Price: @ 444A, $40.00. 

c. 

I 

@ 4468 Untuned Probe 
Model 446B is a broad band detector and probe which 

covers K arid R-band waveguide frequencies without tuning. 
It is designed for use with @ 814B Universal Probe Car- 
riage and K and R-band 815B Waveguide Slotted Sections. 
The detector is a modified 1N53 silicon diode mounted in a 
housing carefully designed to eliminate spurious resonances. 
Penetration of the probe into the waveguide is quickly and 
easily adjusted. 

Specifications 
Frequency Range: 18 to 40 GC. 
Detector: Modified 1N53 silicon diode, installed. 
Mounts in: 814B Universal Probe Carriage. 
Price: @ 446B, $145.00. 

Data subject to change without fzotice. 
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@ 416A RATIO METER 

Ease and Accuracy for Reflection Coefficient Measurements 

Advantages: 

Makes waveguide reflection coefficient 
measurements practical 

Allows continuous swept-frequency 
oscilloscope presentation 

Eliminates amplitude-variation error 

Operates accurately over 20/1 

incident power level range 

Simplifies reflectometer setups for faster 
production checks, wide band system 
alignment and laboratory investigation 

For: 

Fast reflection coefficient measurements 
over broad frequency range 

SWR measurement independent of 
rf power level 

Reflection coefficient measurements with a reflectometer 
setup are recognized as an ideal method of evaluating wave- 
guide system performance. The reflectometer setup can save 
engineering time by eliminating tedious SWR measurements 
with slotted lines, and when driven by a swept oscillator 
(such as @ 682C-687C Electronic Sweep Oscillators, pages 
144, 145),  such setups make possible direct and continuous 
oscilloscope presentation of reflection coefficient over a wide 
frequency range.1 

The @ 416A Ratio Meter eliminates the two major draw- 
backs heretofore present in the reflectometer setup by elimi- 
nating adjustments to correct for source amplitude variations 
and eliminating necessity for measuring separately the for- 
ward and reverse power. 

@ 416A automatically combines forward and reverse 
signals and displays their ratio directly, irrespective of 
amplitude variations. 

The instrument also is an excellent standing wave indi- 
cator for conventional slotted line measurements, and in 
this application again eliminates the inconvenience of adjust- 
ments due to power source amplitude variations. 

See @ Application Note 42, "Applications of the 416A Ratio 
Meter." 



Reflectometer Setup 

Arrangement of a typical reflectometer setup with @ 416A 
Ratio Meter is shown in Figure 1. (See pages 163-165 f o r  
further details i n  table “Equipment Required fo r  Waveguide 
for Repertometer Systems, Coaxial and Waveguide.”) This 
setup provides continuous and direct oscilloscope presenta- 
tion of the reflection coefficient of an unknown load at vary- 
ing frequencies. A swept oscillator supplies power through 
directional couplers mounted back-to-back, One coupler sam- 
ples forward power, the other reverse or reflected power. 
Both couplers are terminated in waveguide detector mounts 
such as @ 421A which demodulate system power and pro- 
vide 1,000 cps signals to the ratio meter. The oscilloscope 
presents frequency on its horizontal axis vs. reflection coeffi- 
cient on the vertical axis. Thus a continuous visual study can 
be made of reflection coefficient at any frequency within the 
system’s range. 

Specifications 
Accuracy: -+ 3% full-scale for 20 to 1 range of incident 

or reference rf power. 
Calibration: Square-law. 
Frequency: 1,000 cps rt 40 cps. 
Input Voltage: Incident or Reference Channel: 3 mv to 100 

mv rms. Reflected or Probe Channel: 3.0 pv to 100 mv 
rms for full scale deflection. (Square or sine-wave.) 

Input Impedance: Approximately 75 K ohms, both chan- 
nels. 

“Excess Coupler Loss“: Includes provision for increasing 
sensitivity of Incident Channel by 10 db for reflectom- 
eter setups employing couplers with different coefficients. 

Output: Connectors for oscilloscope and high impedance 
recorder. 

Adjustments: “Set to Full Scale” control for initial calibra- 
tion with 100% reflection, or at SWR peak, 

Internal Check: “Eye” tube continuously monitors input 
amplitude (and frequency indirectly) to assure proper 
operating range for instrument and crystal detectors. 

Power: 115/230 v -+ lo%,  50/60 cps, 115 watts. 
Dimensions: Cabinet Mount: 203/4ff wide, 12Xff high, 

14y2” deep. Rack Mount: 19” wide, 10l/,lf high, 14” 
deep behind panel. 

Weight: Net 36 lbs. Shipping 47 Ibs. (cabinet mount), 
Net 28 lbs. Shipping 41 Ibs. (rack mount). 

Accessories Available: AC-16K Video Cable Assembly, 
$6.50. AC-60K Barretter Matching Transformer, $80.00. 

Price: @ 416A, $550.00 (cabinet); @ 416AR, $535.00 
(rack mount). 

-f$- 130 B 
RATIO METER D.C. SCOPE 

UNKNOWN LOAD 

Figure I .  Typical Reflectometer Setup. Note use of two directional 
couplers back-to-back, with individual detectors, for simultaneous 

evaluation of incident and reflected powers. 

Simple Operation 

The @ 416A operates in an exceptionally straightforward 
manner. An rf power monitor on the panel indicates the 
proper power level and modulating frequency. The system 
is calibrated by employing a short in place of the load to 
establish the point of 100% reflection. Also, standard reflec- 
tions such as @ 916 (see page 190)  may be employed to 
established calibration. 

When the ratio meter is used as an SWR indicator, a 
similarly simple adjustment is all that is required to estab- 
lish unity SMR at a voltage maximum point on the slotted 
line. 

Extreme Accuracy 

Model 416A is capable of the highest accuracy-exceed- 
ing that of the best-slotted line sections-when measure- 
ments are made at a single frequency. Using a slide-screw 
tuner such as @ 870A (see page 187)  to compensate for 
the small directivity deficiency of @ 752 Directional Coup- 
lers, accuracy of better than t_ 0.005 can be expected. This 
is equivalent to a residual SWR of approximately 1.01. For 
swept frequency operation, accuracies of t 0.015 can be 
expected with loads having small SWR. Even with loads 
having high SWR, accuracies of 0.05 can be expected. 

-- 

@ AC-6OK Matching Transformer 

This instrument consists of two step-up transformers and 
appropriate bias circuitry for impedance matching between 
@ 485 series Barretter Mounts and the @ 416A Ratio Meter. 
Designed specifically for reflectometer application, @ AC- 
6OK matches 200 ohm barretters such as Sperry 821  or Narda 
N821B. An 8.75 ma bias is supplied from the 416A Ratio 
Meter. The AC-60K measures 4Xft x 4”, and is 3?12’, 
high. Weighht- is 2 Ibs. The instrument i s  supplied with three 
cable assemblies for connection to @ 416A. $80.00. 

Data subject to change without notice. 
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@ 8 0 3 A  VHF BRIDGE 

Reads Any Impedance Directly Between 52 and 500 MC 

Advantages: 

Direct reading, 
2 to 2,000 ohm impedances 

-90° to +90° phase angle 

Wide range, 52 to 500 megacycles 

Simple, easy operation 

Faster than slotted lines 

Compact size 

Standard Type N connector 

Uses: 

Determines characteristics of: 
Antennas 
Transmission lines 
RF chokes 
Resistors 
Condensers 

Measures : 
Connector impedances 
Standing wave ratios 
% reflected power 
VHF system flatness 

Model 8054 vhf Bridge provides direct impedance meas- 
urements in the vhf range. It measures impedance by sam- 
pling the electric and magnetic fields in a transmission line. 
Two attenuator systems are controlled simultaneously. One 
responds to the electric field in the transmission line, and 

PHASE IALANCE 

the other responds only to the magnetic field 
in the transmission line. The combination is 
adjusted for equal output from each attenu- 
ator. These two signals are applied to oppo- 
site ends of a transmission line. Phase is 
determined by finding their point of cancel- 
lation. (See diagram.) This method effec- 
tively overcomes the narrow frequency limi- 
tations of conventional bridges, and permits 
@ Model 803A to make readings at fre- 
quencies up to 1,000 MC and down to 5 
MC. 

Simple to Operate, Direct Reading 

In operation, the instrument is similar to 
a standard bridge, much simpler to use and 
more compact than a slotted line. Two con- 
trols are simultaneously tuned until a sharp 
null is obtained. At the null, one dial reads 
unknown impedance direct in ohms, and the 
other dial shows phase angle. 



Impedances between 2 and 2,000 ohms are read directly, 
and higher or lower values may be readily determined by 
using a transmission line of known length as an impedance 
transformer. Phase angles up to t 90’ can be measured at 
frequencies as low as 52 MC. Calibration of phase angle 
is direct in degrees at 100 MC, and angles at other fre- 
quencies can be readily determined by multiplying angle 
read by frequency in MC and dividing by 100. 

Broad Usefulness 

Virtually all measurements which can be made with a 
slotted line can be made more easily and swiftly with the 
compact Model 803A vhf Bridge, The instrument is ex- 
tremely useful for determining rf resistance-even at fre- 
quencies as low as 5 MC or high as 1,000 MC. It also offers 
fast, accurate determination of antenna and transmission line 
characteristics and impedances, capacity, inductance, etc. Its 
broad usefulness makes this equipment a real time saver to 
engineers working in the vhf band. 

Specifications 
@ 8 0 3 A  

Measurement Range: Impedance magnitude, 2 to 2,000 
ohms. Higher and lower values may be measured by 
using a known length of transmission line as an imped- 
ance transformer. 
Phase angle from -90’ to +90° at 52 MC and above. 

Phase angle: Directly in degrees at 100 MC. May be readily 

Phase angle (actual) = Phase Angle (read) x Frequency 

Accuracy: (Over range 52 to 500 MC.) Impedance 

Calibration: Impedance: Directly in ohms. 

computed at other frequencies. 

(MC) / 100. 

) %  
Frequency, MC 

Frequency, MC 
( 5 +  500 

magnitude, better than t 

Phase angle better than t ( 3 +  500 )degrees. 

Charts are provided with each instrument so that im- 
pedance readings may be corrected to better than 2% 
and phase angle to better than & 1.2’ over the entire 
frequency range. 

Frequency Range: Maximum accuracy 52  to 500 MC. Use- 
ful down to 5 MC and up to 1,000 MC. Maximum meas- 
urable phase angle at 5 MC is -8.8’ to +8.8’. 

External rf Generator: Requires an AM signal source of 
at least 1 mw. High signal level is desirable. ( @  Model 
608C vhf Signal Generator, pages 134, 135, is ideal for 
this purpose.) 

RF Detector: Requires a well-shielded vhf receiver of good 
sensitivity. (@ Model 417A vhf Detector is designed 
for this use.) 

Dimensions: Cabinet Mount: 14%” wide, 15%” high, 9” 
deep. 

Weight: Net 28 Ibs. Shipping 39 Ibs. 
Accessories Furnished: 1 803A-16D Cable Assembly; 1 

803A-16E Cable Assembly; 1 803A-76G Shorting Plug. 
Price: @ 803A, $900.00. 

@ 417A VHF DETECTOR 

This @ instrument is a super-regenerative (AM) re- 
ceiver covering all frequencies between 10 and 500 MC in 
5 bands. Designed for use with the @ 803A Bridge, Model 
417A provides a high sensitivity of approximately 5 micro- 
volts over the entire frequency band. It is designed for fast, 
simple operation, and has a single, convenient frequency 
control directly calibrated in megacycles. 

The instrument is thoroughly shielded and is suitable for 
general laboratory use, including the determination of ap- 
proximate frequency, noise, interference, etc. It is light- 
weight for portability, sturdily built, and compact to occupy 
a minimum of bench space. 

Specifications 

@ 41 7A“ 
/ 

Frequency Range: 10 to 500 MC, continuous coverage, 5 
bands. Directly calibrated in MC. 

Sensitivity: Approximately 5 microvolts over entire fre- 
quency range, 

Power: 115/230 v -C lo%, 50/60 cps, 35 watts. 

Dimensions: Cabinet Mount: 91/” wide, 1234” high, 9” 
deep. 

Weight: Net 18 Ibs. Shipping 31 lbs. 

Accessories Available: AC-16B Cable Assembly, $5.50; 
AC-16K Cable Assembly, $6.50; 803A-16E Input Cable 
Assembly, $9.00. 

Price: @ 417A, $400.00. 

Data subject to change without notice. 
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NOISE FIGURE 

In microwave communications, the 
weakest signal thit can be detected is 
usually determined by the amount of 
noise added by the receiving system. 
Thus, any decrease in the amount of 
noise generated in the receiving system 
will produce an increase in the output 
signal-to-noise ratio equivalent to a cor- 
responding increase in received signal. 
From a performance standpoint, an in- 
crease in the signal-to-noise ratio by re- 
ducing the amount of noise in the re- 
ceiver is more economical than increas- 
ing the received signal level by raising 
the power of the transmitter. For ex- 
ample, a 5 db improvement in receiver 
noise figure is equivalent to increasing 
the transmitter power by 3 : 1. 

The noise appearing at the output of 
a receiver or an amplifier is the sum of 
the noise arising from the input termi- 
nation (source) and the noise contrib- 
uted by the receiver or amplifier itself. 
The noise factor is the ratio of the ac- 
tual output noise power of the device 
to the noise power which would be 
available if the device were perfect and 
merely amplified the thermal noise of 
the input termination rather than con- 
tributing any noise of its own. Noise 
figure is noise factor expressed in db. 

The noise figure of a receiver may be 
measured by using a signal generator in- 
put and an output power (square law) 
detector. However this method is time 
consuming and has the added disadvan- 
tage that the effective power gain-band- 
width characteristics of the device must 
be determined. Moreover the available 
signal power may be difficult to deter- 
mine accurately at the low levels in- 
volved. 

Automatic noise figure measurements 
utilizing standard broadband noise 
sources which supply a noise spectrum 
of known power, flat with frequency, 
overcome the drawbacks of the signal 
generator method. At intermediate and 
low radio frequencies temperature limit- 
ed diodes are suitable as excess noise 
sources, while at microwave frequencies 
gas discharge tubes in suitable wave- 
guide sections are both accurate and re- 
liable. Hewlett - Packard Noise- Figure 
Meters utilize the noise source tech- 
nique. 

Automatic noise figure measurements 
with Hewlett-Packard Noise Figure 
Meters depend upon the periodic inser- 
tion of a known excess noise power at 
the input of the device under test. Sub- 
sequent detection of the noise power in 
later IF stages of the device results in a 

pulse train of two power levels. The 
power ratio of these two levels contains 
the desired noise figure information. For 
instance, in the simplified diagram of 
Figure 1, the various contributions of 
noise power to the output pulse ratio 

Figure I .  Automatic noise figure measure- 
ment of microwave device (Composition of 

Noise Power). 

kToB is the available noise power 
from the reference load where: 

k = Boltzmann's constant 
To = Temperature of reference load 

in degrees Kelvin. 
B = Bandwidth of measuring system 

Excess noise power added by the noise 
source is based on the effective fired 
temperature of the source. An argon 
gas discharge, for instance, is 15.2 db 
above the reference temperature power. 
Then the total noise power output of the 
receiver with noise source "OFF" is: 
Ni = GkTaB + RCVR (1) 
where G is receiver power gain 
and total noise power output of the 
receiver with noise source "ON" is: 

Noise factor is defined above as: 
Nz= GkToB + RCVR EXCESS x (G)  ( 2 )  

GkToB + RCVR , or F =  
GkToB ( 3 )  

(Total noise output from device) 
(Output power if noiselessly amplified) 

SO : 

RCVR = (F - 1) GkToB (4 )  
which is noise output power contributed 
by the RCVR. 
Also the excess noise power from the 
gas discharge at the input is: 

EXCESS =( v) kToB ( 5 )  

where T, is the effective fired tempera- 
ture of the noise source. 

Then the ratio at the output: 2 = 

GkTaB+ (F-1)iGkToB + (--)-,kToB 

GkToB + (F - 1 ) GkToB 
( 6 )  

by substitution 
from (I), ( 2 ) ,  (4 ) ,  & ( 5 )  

( 7 )  

And 

F =  

( Nzi N1 1 
Note that the gain-bandwidth factor 
(GB) has disappeared. 
Finally (8) 

F d b  =1010g($ - 1 ) - 1 o l O g ( s -  1 )  

The first term is a known quantity and 
expressed in db of excess noise ratio. 
For an argon discharge excess noise 
ratio is 15.2 db: 
Then: 
Fdb =15.2 - - l O l O p ( ~  - 1) ( 9 )  

Thus the ratio * contains the de- Nl 
sired noise figure information. Hew- 
lett-Packard Models 340B, 342~4, and 
344A Noise Figure Meters measure 
noise figure as a function of this ratio. 

Model 340B requires a 30 or 60 
megacycle input from the device under 
test. Input circuitry of the 342A fea- 
tures a vhf converter which provides 
for 5 input frequencies: 30, 60, 70, 105 
and 200 megacycles. 

The  new @ 344A transistorized 
Noise Figure Meter has been specifi- 
cally designed for radar system ap lica- 
tions where time-shared noise [gure 
measurements are extremely important 
to assure that radar sets are operating at  
peak performance. Sensitivity has been 
made very high to permit noise sources 
to be decoupled by as much as 20 db 
from the main transmitter line. Alarm 
circuitry for remote indication of ex- 
cessive noise,,figure, as well as remote 
metering of noise figure, is available in 
the 344A. 

Hewlett-Packard noise sources are 
available for all frequencies between 10 
megacycles and 18,000 megacycles to 
allow measurements on all rf devices 
in this range. Sources have been speci- 
fically designed for very low fired and 
unfired SWR to lower coupling am- 
biguities of the excess noise ratio into 
the device under test. Waveguide 
sources have been loaded with reso- 
nance suppressing polyiron loads to 
eliminate high SWR at points in the 
band caused by the insertion of the 
noise tube in waveguide. 

For further information on automatic 
noise measurements, write for @ Jour- 
nal Vol. 9, No. 5 and Vol. 10 No. 6-7. 
Application Note #43 describes radar 
system noise measurements. 

.- 
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@ 3 4 4 A  NOISE FIGURE METER 

Measure, optimize on operating radar receivers 

Continuous noise figure measurement on operating radars 
is simple and reliable with the @ 344A Noise Figure Meter. 
Usable with radar receivers in any rf range for which noise 
sources are available, the 344A permits optimizing the noise 
figure during operation because of its fast meter response. 
High sensitivity permits decoupling the noise source up to 
20 db from the main transmitter line to minimize degrad- 
ation of the system. 

Model 344A is used with a remote modulator (such as 
@ 344A-78A Modulator pictured) and noise source so that 
high voltage slip-rings are unnecessary. During radar scan 
the 344A termination is passive, to eliminate spurious re- 
flections appearing as targets. Designed for pulse rep rates 
of 90 to 500 pps, the 344A may also be used with high 
resolution, high prf radar sets at rates up to 3,000 pps by 
employing sampling techniques. 

This automatic instrument is transistorized, compact, rug- 
ged and militarized for reliability. Optional alarms indicate 
noise figure above pre-set level or failure in noise source 
current. 

Data subject to change without notice. 

Spec if icati o ns 
Input Frequency: 2 5  or 30 MC as specified 
Bandwidth: 1 MC. 
Input Sensitivity: Requires 35 db f 5 db of gain between the noise 

Input Impedance: 75 ohms nominal. Passive termination during 

Return Loss: 20 db from 20 to 40 MC. (During radar scan time.) 
Accuracy: f ?/z db, o to 12  db; t 1 db, 12  to 20 db. Does not in- 

Repetition Rate: Any rate from 90 to 500 pps as specified. (Tech- 

Acceptable Repetition Rate Variation: Specified rate 1. 25%. 
Measurement Duty Cycle: 0.075 minimum (measurement time/repe- 

Total Duty Factor: 0.075 f (100 psec) (prf). 
Input Trigger: 3 volt positive pulse, 3 psec duration minimum. 
Noise Figure Alarm: (Optional] Front panel lamp indicates when 

noise figure exceeds preset value. Contact closure for remote alarm. 
Source Alarm: [Optional) Front panel lamp indicates improper noise 

source current. Contact closure for remote alarm. 
Output: 100 pa into 2,000 to 3,000 ohms at full scale meter reading 

for remote metering. 
Remote Modulator Operation: Maximum separation depends on 

total resistance between modulator and Noise Figure Meter. The 
trigger path must be less than 13 ohms, the dc supply and ground 
path must be less than 0.5 ohm. 

Modulator Output: Sufficient to fire any @ gas-discharge noise source 
through 6 ft. cable. 

Temperature Range: 0 to 52” c. 
Humidity: 9570. 
Dimensions: Rack mount: 19” wide, ;;A’’ high. 10,?78’’ deep including 

cable allowance. Modulator: 478 wide, 378‘ high, 49”” deep. 
Power: 115 volts t lo%, 50 to 1,000 cps. 20 to 40 watts depending 

on noise source and duty cycle. Mating connector: MS-3106R- 
IOSL-3s. 

Price: @ 344A (cabinet) or 344AR (rack mount) approximately 
$1,600.00 including one @ 344A-78A Modulator. (Depends on 
options and modifications.) @ 344A-78A Modulator, $250.00 each. 
(Not available in Western Europe.) 

source and @ 344A input. 

radar scan time. 

clude excess noise accuracy. 

niques available for operation above 500 pps.) 

tition period). 



@ 3 4 0 8 / 3 4 2 A  NOISE FIGURE METER 

Direct-Reading Automatic Instrument Speeds Noise Figure Measurements 

Advantages: 

Gives direct noise figure readings 
while equipment is being operated 

Cuts receiver alignment time to minutes 

Completely automatic measurement 

Easily used by non-technical personnel 

No  periodic recalibration needed 

Fast response; ideal for recorder operation 

Receiver and component aligizment jobs that once took 
skilled engineers a full hour are IZOW doite in 5 m i w t e s  by 
a semi-skilled worker. Receiver noise figure can of ten be 
improved over the best adjustment previously possible. For 
instance, a 3 d b  improvement in receiver noise figure is 
equivalent to doubling transmitter output. Since accurate 
alignment is easy, equipment is better maititailzed at2d peak 
performance enjoyed regularly. 

Above are some of the time-saving, cost cutting advan- 
tages of Hewlett-Packard noise figure measuring equipment, 
Models 340B and 3 4 2 ~ 4 ,  plus a variety of coaxial and wave- 
guide noise sources. 

Model 340B Noise Figure Meter, when used with an @ 
noise source automatically measures and continuously dis- 
plays the noise figure of IF  or rf amplifiers tuned to 30 or 60 
MC and of radar or microwave receivers with intermediate 
frequencies of 30 and 60 MC. Collectively, @ noise sources 
cover frequencies from 10 MC to 18 GC (KMC) . 

These Noise Sources are described and specifications given 
on page 179. 

Uses: 

Measure noise figure and optimize performance in 
microwave or radar receivers, rf and IF 
amplifiers 

Select components, crystals, T - R cells and focal 

Five - Frequency Operation 

Model 342A Noise Figure Meter is similar to @ 340B 
except that it operates on five frequencies between 30 and 
200 MC. Four of these frequencies are 60, 70, 105 and 200 
MC; the fifth is the basic 342A tuned amplifier frequency 
of 30 MC. 

oscillators for minimum noise 

Compare unknown noise sources against known 
noise levels 

Design IF amplifiers, crystal mixing circuits, wide 
band traveling wave tubes, etc. 
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In operation, a noise source such as a gas discharge tube 
is connected to the input of a receiver under test. The re- 
ceiver’s IF  amplifier output is connected to the 340B or 342A. 
The Noise Figure Meter pulses the gas discharge tube. When 
the tube is ignited the noise level is that of the receiver plus 
the discharge tube. When the tube is off, the noise level is 
that of the receiver and its termination. The Noise Figure 
Meter automatically compares these two conditions and pre- 
sents noise figure directly on a front panel meter. Rate of 
response is such that changes in noise figure are constantly 
indicated on the meter. 

@ Noise Sources 
@ 343A V H F  Noise Source. Specifically for I F  and rf 

amplifier noise measurement, a temperature-limited diode 
source with broadband noise output from 10 to 600 MC. 

@ 345B I F  Noise Source. Operates at either 30 or 60 MC, 
as selected by a switch. Another selector permits matching 
50, 100, 200 and 400 ohm impedances. 

@ 347A Waveguide Noise Source. Argon gas discharge 
tubes mounted in waveguide sections. For all frequencies 
2.6 through 18.0 GC, provide uniform noise throughout 
range; maximum SWR 1.2. 

@ 349A U H F  Noise Source. Argon discharge tubes pro- 
viding 15.2 db excess noise for automatic noise figure read- 
ings on scatter communications receivers, L-band radars, 
parametric amplifiers, or other devices 400 to 4,000 MC. 
Also available with 18.2 db excess noise. 

Specifications 
@ 3408 Noise Figure Meter 

Frequency Range: Depends on noise source used. 
Noise Figure Range: 3 to 30 db, indication to cc with 

Waveguide Noise Source. 0 to 15 db, indication to a 
with IF  Noise Source. 

Zero Offset: Permits low values to be read on sensitive 
external meter. 

Accuracy [excluding source accuracy): -t 0.5 db, 10 to 25 
db; .t 1 db, 3 to 10 db; 25 to 30 db with Waveguide 
Noise Source. +- 0.5 db, 0 to 1 5  db with IF  Noise Source. 

Input Requirements: -60 dbm to -10 dbm (noise source 
on) .  Corresponds to system gain before 340B of approxi- 
mately 40 to 90 db with 347A or 349A noise source; ap- 
proximately 50 to 100 db with 343A or 345B noise source. 

Input Frequency: 30 and 60 MC. Other frequencies be- 
tween 10 and 70 MC on special order. 

Bandwidth: 1 MC minimum. 
Input Impedance: 50 ohms, nominal. 
AGC Output: Nominally 0 to -6 volts from rear binding 

posts. 
Recorder Output: Maximum of 1 ma into maximum of 

2,000 ohms to operate a recorder or remote meter. 
Power Input: 115/230 v, t 1070, 50/60 cps, 185-435 

watts depending on line voltage and noise source. 
Power Output: Sufficient to operate @ 347A, @ 349A, 

@ 345B, or @ 343A Noise Sources. 
Dimensions: Cabinet Mount: 2074’’ wide, 12%’’ high, 

14y2” deep. Rack Mount: 19” wide, loy2” high, 13%’’ 
deep behind panel. 

Weight: Cabinet Mount: Net 40 lbs. Shipping 5 1 lbs. 
Rack Mount: Net 34 Ibs. Shipping 49 lbs. 

Accessories Furnished: @ 340A-l6A, 6’ cable connects @ 
340B to an @347A or 349A Noise Source. 

Price: @ 340B, $715.00 (cabinet); @ 340BR, $700.00 
(rack mount). Add $25.00 for special frequencies be- 
tween 10 and 60 MC. (Not available in Western Europe.) 

@3 3 4 2 A  Noise Figure Meter 
(Same as 340B except as shown below) 

Input Frequency: 30, GO, 70, 105 and 200 MC. 30 MC 
plus any four frequencies between 38 and 200 MC on 
special order. Frequency selector switch. 

Price: @ 342~4, $815.00 (cabinet); @ 342AR, $800.00 
(rack mount). (Not available in Western Europe.) 

@ 3 4 3 A  VHF Noise Source 

Frequency Range: 10 to 600 MC. 
Excess Noise: 5.2 t 0.1 db, 10 to 200 MC. 

5.2 f 0.25 db, 200 to 400 MC. 
5.2 t 0.35 db, 400 to 600 MC. 

Source Impedance: 50 ohms, SWR less than 1.1, 10 to 400 
MC; less than 1.3, 400 to 600 MC. 

Dimensions: 2%” wide, 2y2“ high, 5” deep. 
Weight: Net 3/4 Ib. Shipping 2 lbs. 
Price: @ 343A, $100.00. 

@ 3 4 5 B  IF Noise Source 
(Same as 343A except as shown below) 

Spectrum Center: 30 or 60 MC, selected by switch. Other 

Excess Noise: Nominally 5.2 db into conjugate load. 
Source Impedance: 50, 100, 200 and 400 t 4% ohms as 

Price: @ 345B, $100.00. Add $25.00 for special frequencies. 

@3 3 4 7 A  Waveguide Noise Source 

frequencies between 10 and 60 MC on special order. 

selected by switch. Less than 1 pf shunt capacitance. 

Approx. Price Range. 6C Excess 
(KMC) Noise, db l ength  

Model 

22‘/2” $300.00 15.2 
- + 0.5 S347A 2.6 - 3.95 

19” 285.00 15.2 
- + 0.5 G347A 3.95 - 5.85 

J347A 5.3 - 8.2 13” 250.00 15.2 
2 0.5 

H347A 7.05 - I O  16“ 225.00 15.2 + 0.5 

X347A 8.2 - 12.4 14?4*‘ 200.00 

P347A 12.4 - 18 143/“ 250.00 - 

15.2 
0.5 . 

Y 

15.2 * 0.5 

SWR all models, fired or unfired, 1.2 max., less than 1.1 average. 

@ 3 4 9 A  UHF Noise Source 

Frequency Range: 400 to 4,000 MC; wider with correction. 
Excess Noise: 15.2  t 0.5 db, including insertion loss 
SWR: Up to 2,600 MC: less than 1.35 (fired); less than 1.5 

2,600 to 3,000 MC: less than 1.5 (fired); less than 1.5 

3,000 to 4,000 MC: less than 2.0 (fired); less than 3.0 

(Source terminated in coaxial load with less than 1.05 

(unfired) 

(unfired) 

(unfired) 

SMR.) 
Dimensions:- ~ 1 5 ”  long, Y’wide, 2” high. 
Weight: Net approximately 3%’’ Ibs. Shipping 6 lbs. 
Price: @ 3 4 9 4  $325.00. 

Ddta subject to change without notice. 
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@ VARIABLE, BROADBAND ATTENUATORS 

@ 3 8 2 A  Waveguide Attenuators 
Operation of these direct-reading precision attenuators 

depends on mathematical law instead of the resistivity of 
attenuating material. Accurate, stable attenuation from 0 to 
50 db is assured full range, despite varying temperature and 
humidity conditions. The instruments feature high power 
handling capacity and large, easily read dials. Insertion loss 
at zero setting is less than 1 db, and SWR is less than 1.15. 
Accuracy is i 2% of reading or 0.1 db, whichever is greater, 
including both calibration and frequency error. 

Specifications 

Price Capocity Lcngth 
Model GcR%GCc) Watts (in.) 

~~ 

C382A 4.7 - 7.05 

X382A 8.2 - 12.4 

P382A 12.4 - 18.0 

For all models: Calibrated range, 0 to  50 db. Phase shift, less than 3' 
variation from 0 t o  50 db. Attenuation a t  zero setting, less than I db. 

Data subfect to change wrthout notzce 

@ 3 9 3 A / 3 9 4 A  Coaxial Attenuators 
These multi-purpose instruments provide a convenient 

means of obtaining accurate attenuation in high power co- 
axial systems in the 500 to 1,000 MC range ( @  393A) and 
the 1,000 to 2,000 MC range ( @  3944) .  They are designed 
to provide precise, continuously variable attenuation as high 
as 120 db. Good directivity in the 10 to 40 db range makes 
the instruments valuable for directional coupler power samp- 
ling in high power systems, or for variable isolated coupling 
of local oscillators in mixer applications. 

Dials are direct-reading over the full frequency range. 
Two low power loads are furnished ( @  908A) for oper- 
ating levels up to 0.5 watts. 

Spec if i cat i o ns 

X382A 
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@ 3 7 0 / 3 7 2 / 3 7 5 A / 3 8 0 A  WAVEGUIDE ATTENUATORS 

@ 370 Fixed Waveguide Attenuators 
These attenuators are waveguide sections providing fixed 

amounts of attenuation. They are useful in reducing power 
flowing in a waveguide system, reducing reflection of loads 
or sources, or isolating parts of a waveguide system. They 
consist of rectangular waveguide sections containing a rigidly 
mounted resistive strip. The resistive strip has been care- 

over the full waveguide band. Accuracy over the band is 
within 

@ 375A Variable Flap Attenuators 
Variable flap attenuators provide a simple, convenient 

means of adjusting waveguide power level, or isolating source 
and load. They consist of a slotted section in which a matched 
resistive strip is inserted a variable amount. The degree of 
strip penetration determines attenuation. A dial shows aver- 
age reading over the frequency band, and a dust cover with 
shielded braid reduces external radiation and eliminates hand 

bration is accurate within & 1 db from 0 to db, -+ 2 db  
from 10 to 20 db. 

designed to keep SWR low and attenuation constant capacity effects, Attenuation is variable 0 to 20 db. Dial Cali- 

20% of the nominal attenuation. 

@ 372 Precision Attenuators @ S380A Calibrated Variable Attenuator 
Model S380A, for setting exact power level or measur- 

ing attenuation, consists of a waveguide section with an 
attenuating Plate Parallel to the narrow face Of the wave- 
guide. A micrometer adjustment moves the plate across the 
waveguide, increasing attenuation from 0 to 10 db. Maxi- 
mum average power is watt, peak power, kilowatt; fie- 
quency range 2+60 to 3.95 G~ (KMC), insertion loss less 
than 0.5 db. Calibration accuracy is -+ 0.3 db at 3 GC. Cali- 
bration for other frequencies available on request. Price 
$260.00. 

Model 372 Precision Attenuators are rugged, ultra-depend- 
able, broad band instruments, which remain precisely 
brated regardless of humidity, temperature or other ambient 
conditions-or aging of the instmment. Models with either 
10 or 20 db of attenuation are offered. (See table.) Calibra- 
tion within & 0.ldb may be obtained at 10 points across the 
band. (Extra cost option.) SWR is 1.05:1; mean attenuation 
is within -+ 0.4 db (* 0.7 db for K and R-bands) from nom- 
inal; variation across band is less than f. 0.5 db from mean. 

Specifications, @ 370, 372, 375 Attenuators 
Model 370' Model 372. Model 375A 

Power Frea. Nominal Fits Power Power 

Watt8 (in.) (KMC) uatlon (db) S h e  ( In . )  watts 
Yodel Diroipatlon Lenpth Prioe Model GC Atten- Waveguide Dissipation Pries Modef Ditripation Lennth Pries 

X372 8.2 - 12.4 10/20 

J370 1.0 
H370 1.0 
X370 1.0 

M375A 0.s 7 p  
I .o 7 /4 
0.5 4% K370 0.5 

R370 0.5 I' iiz::: R372 26.5 -40.0 10/20 0.360 x 0.220 0.5 275.00 R37SA 0.5 4% 

80.00 P372 12.4 - 18.0 10/20 0.702~ 0.391 I 125.00 P375A 
K372 18.0 -26.5 10/20 '/t x % 0.5 240.00 K375A 

P370 1.0 ;;/a 

Maximum SWR 1.15 for, all models. ('Note: Model number suffix indicates d b  attenuation of 370 and 372 series attenuators. Suffix "A " 3 db. Suffix " B , "  6 db. Suffix 
"C " 20 db. Model 372's are available in IO and 20 d b  models only. K and R-band units are available with circular'flanges (UG-425/U for K-band. 
UG-381/U for R-band)'. Specify by adding suffix "C" to model number; i. e., R370CC i s  a I O  d b  attenuator wi th UG-38i/U flanges for 26.5 t o  40 G C  range. 

IO db. Suffix "D 

Data subject to change without notice. 
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@ 5 3 2 / 5 3 6 A  FREQUENCV METERS 

Precision General-Purpose Meters for Lab or Production Use 

Spec if i cat i o ns 

536A 0.14 

G532A 0.065 

b 3 2 A  0.065 

H532A 0.075 

X532B 0.080 

M532A 0.085 

P532A 0.100 

K532A 0.110 

R532A 0.120 

Model 532 and 536A Frequency Meters are wide band, 
Model ACCUnCY RanOe direct reading instruments offering quality construction, con- 

venience and outstanding value at low cost. Frequency is read 
directly in GC (KMC) with high accuracy as indicated on 

Overall FrbPuenoY 

No. (%) GC (KMC) 

3.95 - 5.85 0.033 

5.30 - 8.20’ 0.033 

7.05 - 10.0 0.040 

the adjoining table. No interpolation or charts are required. 
Overall accuracy includes a temperature variation of t loo 
C from 23’ C and t 0.02% for 0 to 100% humidity 
change. 

The instrument comprises a special section mounting a 
high Q resonant cavity tuned by a choke plunger. No sliding 
contacts are used, and the waveguide section transmits virtu- 
ally full power at resonance. A 1 db or greater dip in output 

8.20 - 12.4 0.050 

10.0 - 15.0 0.053 

12.4 - 18.0 0.068 

18.0 - 26.5 0.077 

26.5 - 40.0 0.083 

K and R band models available with circular flange adaptors: specify K532AC indicates Tuning is by a precision lead screw, 
and R532AC respectively. 

*Because of the wide frequency range of the J532A, frequencies from 7.6 to 

spring-loaded to eliminate backlash. Readability is enhanced 
by a long, effective spiral scale length and a scale calibrated 
in small frequency increments. For example, Model X532B 
has an effective scale length of 77” and is calibrated in 5 MC 
increments. Resettability is 0.01% (1 MC at 10 GC), 

8.2 GC can excite the TE,12 mode when the dial i s  set between 5.3 and 5.6 GC.  

Data subject to chaizge without notice. 

For measurements of 1 to 4 GC on coaxial circuits, @ 
536A Coaxial Frequency Meter is offered. Specifications of 
this high resolution, broadband, direct reading instrument 
are listed in the table. 

@ P532A @ 536A 
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@ 760D/761 D DUAL DIRECTIONAL COUPLERS 

New Two-Octave VHF-UHF Instruments; Also Single Octave Couplers 

For power monitoring, mixing and power sampling with 
tightly controlled coupling, new @ 760D/761D Dual Direc- 
tional Couplers offer very broad band coverage of the vhf- 
uhf frequencies. Model 760D covers 250-1,000 MC; Model 
761D, 1 to 4 GC (KMC). High directivity and flat frequency 
response make these units ideal for reflectometer systems. 

With a power capacity of 50 watts C W  and 10 kw peak, 
and low insertion loss, @ 760D/761D Couplers can be in- 
stalled permanently in coaxial systems for power monitoring. 
Since they are dual devices, the power meter or detector 

may be connected to either the “incident” or “reflected” 
terminals to simplify maximizing forward power. 

Compact size and rugged aluminum construction add to 
the usefulness of these instruments. 

@ 764D/767D Dual Directional Couplers 
Similar specifications are available in single octave cover- 

age in the @ 764D/767D Couplers. Four instruments col- 
lectively cover frequencies from 216 to 4,000 MC for ap- 
plications requiring less bandwidth. 

Spec if icat i ons 

Price Frequency Mean Coupling tivity Primary Secondary 
Range Coupling Varlation mum1 SWR (moxl SWR (marl Model 

$200.00 760D 250- 1,OOO MC 20 +. ‘/2 db f 1/2db 35 db I .20 1.25 

761D 1 - 4  G C ( K M C )  20 f 1/2db 2 1/2db 30 db 1.25 I .30 185.00 

7640 216-450 MC 20 f 1/2 db f I d b  30 db 1.10 1.20 160.00 
~ ~ ~ - ~ _ _ _ _ _  ~~~ 

7650 450 - 945 MC 20 * r/l db f I d b  30 db 1.15 1.20 t 60.00 

766D 940 - 1,975 MC 20 f 1/2 db f I db 26 db 1.20 I .30 150.00 

767D 1.9-4.OGC 20 * 1/2 db f I d b  26 db 1.25 I .50 150.00 

Power handling capacity: all couplers 50 watts CW, I O  kw peak. 
Type N connectors throughout. All couplers include @ 803A-766 Shorting Plug for reflectometer calibration. 

Data subject to change without notice. 
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@ 752/750 DIRECTIONAL COUPLERS 

Easy-to-Use, Precision Couplers Simplify Waveguide Measurements 

Directional couplers such as @ 752 and @ 750 are im- 
portant tools in waveguide measurements. They may be used 
to monitor power, measure reflections, mix signals or isolate 
signal sources or wavemeters. 

Ideally, power flowing in one (the forward) direction of 
the main guide is coupled to the output of the auxiliary 
guide while power flowing in the other (reverse) direction 
is not coupled to the output of the auxiliary guide. The ratio, 
expressed in db, of forward power in the main guide to the 
power out of the auxiliary guide is the “coupling factor.” 
Example: 20 db couplimg meaits a ratio of powers of 100.1. 

In practice, some reverse power in the main guide is 
coupled to the output of the auxiliary guide and the ratio, 
also in db, of the powers out of the auxiliary guide from 
equal forward and reverse powers in the main guide is the 
coupler’s “directivity.” 

@ 752 Multi-Hole Couplers 

In this @ Coupler, the broad faces of two waveguides 
are joined together. Coupling is obtained from a series of 
graduated holes. (Figure 1 .) These holes are accurately 
machined along the broad faces of the waveguides. Power 
flowing down the primary guide couples through the holes, 
exciting waves which propagate in both directions in the 
auxiliary. Directivity is explained by reference to the two- 
aperture coupler. (See Figure 2 . )  The coupling holes are 
spaced ‘/4 wavelength apart, and thus waves traveling in the 
reverse direction are out of phase and cancel each other. 
Waves traveling in a forward direction reinforce each other. 
The power coupled into the auxiliary arm by a wave travel- 
ing in the main guide in the opposite direction is absorbed 
by a resistive termination. 

The auxiliary guide of Model 752 is terminated in a low 
reflection load at one end and in a precision cover flange at 
the other end. Detection of power in the auxiliary arm can 
be achieved readily by connecting a crystal detector or bolom- 
eter mount to the open end. 

Figure I.  Construction, @ 752 Directional Couplers. 

t+i 
Figure 2. Cross-section, two-aperture coupler. 



Q 752 has an overall directivity of better than 40 db 
(including reflection from built-in termination and flange) 
over the entire range of the guide. The coupling factors are 
3, 10, and 20 db; accuracy of mean coupling level is -+ 0.4 
db (k 0.7 db for K and R band instruments) and frequency 
sensitivity of coupling is t 0.5 db over the waveguide fre- 
quency range. 

52 I I I I 1 1  

8 2  9 4  104 114 124 
*...,* 

TYPICAL OVER& DIRECTIVITY TYPICAL GCCOUPLING 
OF COUPLER 
~ ~ ~ ~~~~~ 

Figure 3. Characteristics, @I 752 Coupler - 10 db model. 

U s e s  and Advantages 

Because of its high directivity (Figure 3) this equipment 
is particularly suited for measurement of very small reflec- 
tions, for rapidly adjusting transmission line flatness over 
the entire frequency range of the guide or for broadband 
reflectometer applications. (See pages 163-1 65 for discus- 
sion of reflectometer measurements.) With Model 75 2, a 
single oscilloscope presentation of SWR vs. frequency is 
easily made. In this operation, output of the auxiliary arm 
of the coupler is detected, amplified and applied to the verti- 
cal plates of the oscilloscope tube. The frequency applied to 
the system is swept and a voltage proportion to this fre- 
quency is applied to the horizontal plates of the oscilloscope. 
The resulting trace is a plot of reflection vs. frequency. 

@ 750 Cross-Guide Couplers. For many applications 
the precision multi-hole coupler is not required. An inexpen- 
sive and compact instrument suited to numerous laboratory 
tests is @ 750 Cross-Guide Coupler. 

It consists of two waveguide sections joined at right angles 
across their broad faces. Coupling factors of 20 or 30 db are 
available and connections may be made to both ends of the 
main and auxiliary guides, This provides a "four-terminal" 
network of maximum usefulness and versatility. The unit is 
well suited for power monitoring, for isolation and mixing 
powers. 

S peci f i cati on s 
@ 750 Cross-Guide Couplers 

S75OE 30 2.6-3.95 3 x l c  9 x 9  18 150.00 
G75OD 20 3.95 - 5.85 2 x I 6 x b  7 120.00 
C7H)E 30 3.95 - 5.85 2 X I 6 x6 7 120.00 
J750D 20 *5.85 - 8.20 1 %  X % 5 X 5 4 m 
J750E 30 *5.&5=&20 4 V a X 3  6 X . S - ,  4 .00 

aa 7.05 - 10.0 1% x ys 4 x 4  3 73.00 
30 7.05 - 10.0 1% x K 4 x  4 3 75.00 
20 8.2 * 12.4 I x 'h 3 x 3 2 b0.00 
30 8.2 - 12.4 I X Vz 3 x 3 2 60.00 

Directivity: Approximately 20 d b  o r  more. 
Coupling Accuracy: Less than &- 1.7 db variation f rom nominal value 

over entire frequency range of guide. 
'5750 couplers usable t o  5.2 GC. Directivity same as above. Coupling 

wifhjn *3 dC o f  nominal value. u' 

@ 752 Multi-Hole Couplers 

Main Guide 

25-9/16 E - P I l b  

16-11/16 15-11/16 15-11/16 4 

K t  18.0 - 26.5 soo x .250 
R I  26.4 - 40.0 360 x .220 

I. When order.ing,.specify suffix letter t o  indicate nominal coupling: A for 3 db ,  C for IO db ,  D for 20 db. (Example: S-band, 3 db coupling, Model S752A.l 
2. Mean coupling i s  the average of the maximum and minimum coupling values i n  the fated frequency range. 
3. Coupling variation over rated frequency range i s  not more than -t 0.5 d b  about mean coupling. 
4. Directivity i s  a t  least 40 db. * J752 couplers operate t o  5.2 G C  with reduced performance. 

Circular flange (UG425/U for K-band, UG381/U ;or R-band) model available. Speiify by adding suffix "C" t o  mode lwcd ihw i ie . ,  X752cc. 
Directivity: Greater than 40 d b  5.85 t o  5.5 GC. greater than 36 db ,  5.5 t o  5.2 GC. 
Variation of Coupling f rom nominal value. not'more than -1.2 d b  a t  5.5 G C  not more'than -2 d b  a t  5.2 GC. - 

Data subject to change without notice. 



@ 281A/290A/292A ADAPTERS, 3 6 0 / 3 6 2 A  LOW PASS FILTERS 

@ 28 I A Waveguide-Coax Adapter, for convenient trans- 
mission between waveguide and coax systems. Power may be 
fed in either direction. SWR less than 1.25 over full range 

other. Simulates actual operating conditions when inserted 
between @ waveguide test equipment and choke flange 
system having a non-precision cover flange. 

Y v 

of each adapter. Probes with low-loss dielectric sheath tra&- 
form waveguide impedance into coax cable impedance. Type 
N and plain AN flange connections. 

@ 292A Waveguide to Waveguide Adapter, tapered 
lengths of waveguide to connect a given size waveguide to 
the next size larger or smaller. Five models provide band 

@ 290A Cover to Choke Flange, a short waveguide sec- 
tion with precision cover flange on one end, choke flange on 

interchange as invdicated on chart. Prefix lettershdicate band 
mating. 

@ 281A Adapters 

H281A 30.00 H290A 35.00 1% 7.05 - 10.0 2% 15.0 - 18.0 40.00 

X281A 25.00 X290A 20.00 '/I 8.2 - 12.4 1 x YZ NK292A 1.05 2% 18.0-22.0 40.00 
P290A 30.00 1% 12.4 - 18.0 .702 x .391 

'SWR 1.30 from 5.3 to 5.5 GC 

@ 360 Low Pass Filters, eliminate harmonics, permit trans- 
mission of energy at a single known frequency, 700 to 4,100 
MC. No spurious responses up to 3 times cut-off frequency. 
Type N fittings. 

@ 362A Waveguide Low Pass Filters, eliminate harmonics, 
permit transmission of energy at a single frequency, 8.2-40 
GC(KMC). 

Cut-Off Frequency: Model 36OA, 700 MC; 360B, 1,200 MC; 360C, 

Insertion Loss: Not over 3 db throughout pass band. 
Rejection: 50 db or more attenuation at 1.25 x (Cut-Off Frequency). 
Nominal Impedance: 50 ohms through pass band. Should be matched 

for optimum performance. 
SWR: Less than 1.6:l to within 100 MC of cut-off for 360A and 

360B, 200 MC of cut-off for 360C, 300 MC of cut-off for 360D. 

2,200 MC; 360D, 4,100 MC. 

Physical Dimensions: 
M o d e l  N o .  360A, 360B 360C 360D 
Lenath Overall 10% 7-7/32" IO-25/32" 7%" 
O u t e r  Diameter ya" 5/g" qai' 
Center Line to  M a l e  End 2-5/16" 2-5/16" 
Center Line to  Female End 21/4'' 21/4" 

RF Cable Assembly, $13.00. 
Accessories Available: AC-16F RF Cable Assembly. $15.00: AC-16C 

Price: @ 360A/B, $60.00; @ 360C/D, $50.00. 

Price Model Pass Band Stop Band Length 
(GC)  (GC) (in.) 

X362A 8.2 - 12.4 I6  - 37.5 5-1 1/32 $325.00 

M362A I O  - 15.5 I9 - 41 4- 15/32 350.00 
P362A 12.4- 18 23 - 54 3-11/16 350.00 

N362A I5 -21  21 - 63 3-1/32 350.00 
K362A 18 -26.5 31 - 80 2Y8 385.00 
R362A 26.5 -40 41 - 120 1-2 I /32 385.00 

SWR (pass band) :  1.5. 
Pass Band Insertion Loss: Less than 1 db (1.5 db for R362A) 
Stop Band Rejection: At least 40 db. 
Flange: Flat cover. 

Data subject to change w?thoztt notice. 
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@ 8 8 5 A  WAVEGUIDE PHASE SHIFTERS 

Precision Phase Variation for J, X and P-Band Systems 

Hewlett-Packard 885A Phase Shifters provide accurate, 
controllable phase.variation in the J, X and P-band fre- 
quency ranges. They are particularly useful in measurement 
of transmission, attenuation and impedance in a microwave 
system, in introducing differential phase shift and in other- 
wise studying design of microwave systems and antennas. 
For example, the 885A Phase Shifter can be used to optimize 
performance of an antenna array, or to vary the directivity 

characteristics. 
The instrument has a high accuracy over its entire phase 

range of -360 to +360 electrical degrees, has low power 
absorption, is simple to operate, and requires no charts or 
interpolation. It is sturdily built, comprising two rectangu- 
lar-to-circular waveguide transitions with a dial driven cir- 
cular waveguide mid-section. The instrument is housed in a 
cast aluminum container for rigidity and durability. 

Specifications 

All models. SWR (maximum): 1.35. For small phase differences accuracy i s  as tabulated or IO%, whichever i s  less 

Data subject to change without notice. 



@I WAVEGUIDE, COAXIAL TERMINATIONS 

@ 91OA/B Low Power Termination 
Model 910 is designed for terminating waveguide systems 

operating at average powers of about 1 watt. The termina- 
tions are carefully designed to absorb virtually all of the 
applied power and assure a low SWR. They may be used 
wherever a matched load is required, as in the measurements 
of reflection, discontinuities or obstacles in waveguide sys- 
tems. They are also for use with directional couplers or hy- 
brid tees. 

@ 912A High Power Termination 
This termination is similar to Model 9lOA but is designed 

for waveguide systems operating at high powers. Since these 
terminations readily absorb large amounts of power, they are 
useful as dummy loads in testing vscuurn tube characteristics, 
transmitter output, etc. Model 912A Terminations contain a 
high loss material which absorbs power and is carefully 
tapered to keep SWR low. Power is dissipated by cooling 
fins. When the termination is operated at 50% or more of 
rated power, fins should be forced-air cooled. 

($3 9 0 8 A  Coaxial Termination 
Model 908A is a low reflection load for terminating 50 

ohm coaxial systems in their characteristic impedance. From 
dc to 4,000 MC, its SWR is less than 1.05, facilitating use in 
terminating coaxial devices during most SWR measurements, 
or as a production line impedance standard. 

@ 908A is also a useful accessory for the @ 185A 1,000 
MC Oscilloscope and @ 411A RF Millivoltmeter. When 
used with the T adapters available for those instruments, it 
allows the observation of waveforms or the measurement of 
voltage at the end of a cable with Type N fittings. 

Specifications 
Impedance: 50 ohms. 
SWR: Less than 1.05. 
Frequency Range: DC to 4,000 MC. 
Power Rating: 1/2 watt. 
Connector: Type N male. 
Size: Length 2” .  

Weight: 3 02. 
Price: $35.00. 

Data Iubject t o  change withouf notice. 

@ 908A 

I89 



@ WAVEGUIDE, COAXIAL LOADS 

@ 914A/B Moving Loads 
Model 914 Moving Load consists of a section of wave- 

guide in which is mounted a sliding, tapered, low-reflection 
load. A plunger controls the position of the load which is 
variable at least ‘/z wavelength at the lowest waveguide fre- 
quency. This permits reversing the phase of the residual 
reflection so that this reflection can be separated from the 
other small reflections in the waveguide system. 

In Model 914A the reflection of the load is less than 0.5% 
(1% for K and R-bands) over the full frequency range of 
the waveguide. The X914B, K914B, R914B are similar to 
the 916 series. 

Spec if icati o n s 
Approx. 

Frequency Fits Overall Average Ship Inq 
Model Ran e Wave side Length Power W&ht Pdce 

GC(K&CI s i u  7in.1 tin.) (watts) (~br.) 

5914A 2.60 - 3.95 
G914A 3.95 - 5.85 
J914A 5.30 - 8.20 
H914A 7.05 - 10.0 
X914B 8.20 - 12.4 

M914A I O -  15 
P914A 12.4 - 18.0 
K9148’ 18.0 -26.5 
R914B’ 26.5 -40.0 

3 x  I’/l 
2 x  I 

I % x  % 
1 %  X % 
I x Yz 

.E50 x .475 

.702 x .391 

.500 x .250 
,360 x .220 

25% 2 21 f lOO.00 
17 2 I O  75.00 

2 9 70.00 13% 
11% I 4 60.00 
10 I 3 50.00 

8-1/16 I I 65.00 
9% v2 I 55.00 
8% YZ I 250.00 
7 Y2 I 250.00 

‘Circular flan er (UG-425/U for K-band UG-381/U for R-band) are available. 
Specify K914IC or R914BC rerpectivel;. 

@ 916 Standard Reflections 
Model 916 Standard Reflections are precision loads used 

to set up exact reflections for standardizing SWR measuring 
setups. 

The instruments consist of a precision machined aluminum 
casting whose inside wide dimension is the same as that of 

a standard X-band waveguide but whose inside narrow 
dimension is reduced by the exact amount necessary to estab- 
lish the required power reflection at the junction of the wave- 
guide. 

Spec if i cat i o ns 

*X9lbA i s  replaced by the X914B (see table opposite). 

Waveguide Size: 1” x yz”, OD flat cover flanges. 
Frequency Rang;: 8.2 to 12.4 GC(KMC). 
Dimensions: ly8 
Weight :  Shipping 2 Ibs. 

x 178’’ x 8%” long. 

$9 9 0 6 A  Coaxial Load 
@ 906A Sliding Coaxial Termination is a movable, low 

reflection load for terminating 50-ohm systems in their 
characteristic impedance. The load moves at least ‘/2 wave- 
length at its lowest rated frequencj., to reverse the phase of 
the reflection and separate it from other reflections in a 
system, Model 906A includes adapters for Type N male or 
female connectors, and features a movable center conductor 
which insures proper seating in the mating conductor. An 
attractive storage case is provided. 

Specifications 
Frequency Range: 1 to 12.4 GC(KMC). 
Load S W R :  Less than 1.05. 
Power Rating: 1 watt. 
Travel: Greater than ‘/z wavelength at 1 GC. 
Size: 3 / “  diameter, 31” long. 
Weight :  Net weight, 2 Ibs. 
Price: @ 906A, price on request. 

Data sublect to change without notice. 
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@ WAVEGUIDE SHORTS 

@ 920 Adjustable Shorts @ X 9 3 0 A  Shorting Switches 

Adjustable shorts are convenient instruments for intro- 
ducing a variable element in waveguide systems. In con- 
junction with a slotted section, they can be used to provide 
a variable short-circuit reference point. With a waveguide 
tee section, they can form a stub-transformer or tuner pro- 
viding variable reactance. They may also be used as a conven- 
ient tuner for crystal or bolometer mounts. 

Mechanically, @ 920A Shorts are a waveguide section 
containing a movable low-loss contacting finger wiper.” 
Position of the short is varied by a fine tuning control. 

Model 

S920A 
G92OA 
J92OA 
H92OA 
X920A 
M920A 
P920B 
K92OA/BC** 
R920A/BC** 

Specifications 

Approx. 
Length 

(in.) 

10-7/16 
7-13/16 

6‘/4 
4% 
4% 

4-13/16 
5% 
5% 
4% 

Frequency 
Range 

GC (KMCI 

2.60 - 3.95 
3.95 - 5.85 
5.30 - 8.20 
7.05 - 10.0 
8.20 - 12.4 
10.0 - 15.0 
12.4 - 18.0 
18.0 - 26.5 
26.5 - 40.0 

Fits 
Wavepuide 
Size (in.) 

3 x  1% 
z x  I 

I % X %  
1% X % 
I x Yz 

.E50 x ,475 
.702 x .391 
.500 x 250 
.360 x ,220 

Shipping 
Weight 
(Ibs.) 

10 
4 
3 
2 
2 
2. 
2 
2 
2 

Price 

Sl50.00 
125.00 
100.00 
75.00 
75.00 
75.00 

125.00 
155.00 
155.00 

The @ Waveguide Shorting Switch is a time-saving means 
of establishing a removable short-circuit in a waveguide 
system. It is especially useful in power measuring setups 
where it can temporarily interrupt the power flowing into a 
bolometer mount for zero-setting a Microwave Power Meter 
such as the @ 430C. It can also be used to establish a refer- 
ence reflection coefficient of 1.00 for calibrating Ratio Meters 
such as the @ 416A. The low insertion loss and SWR of the 
@ X 9 3 0 A  make it adaptable to nearly all measuring applica- 
tions of this type. 

Specifications 
SWR: Less than 1.02 in “open” position; greater than 125 

Insertion Loss: Less than 0.05 db in “open” position. 

Waveguide: 1” x 1/2”, RG-52/U; Flanges UG-39/U. 

Frequency Range: 8.2 to 12.4 GC (KMC). 

Length: 3 - 11/16”. 

Shipping Weight: Approximately 2 lbs. 

in “short” position. 

Price: @ X930A,  $160.00. 
* In  the P ,  K ,  and R bands a choke-type short is employed. Position of the choke 

is varied by a micrometer adjustment. 
“Airo available with circular flanger, UG 425/U for K-band, UG 381/U for 

R-band, specify K920BC or R9206C. Data subject to change without notice. 
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@ ACCESSORIES 

@ AC-6OA/B Line Matching Transformers 

Model AC-60A is specifically designed to connect a bal- 
anced system to @ 200 series audio oscillators, 400 series 
vacuum tube voltmeters, or similar equipment, for carrier 
current or other measurements between 5 and 600 KC. With 
@ 200CD it provides fully balanced 135 or 600 ohm output 
with attenuator in use. With an @ 400 it provides voltage 
measurements on either a 135 or 600 ohm balanced line 
without grounding one side, and permits bridging or ter- 
minated voltage measurements on both 135 and 600 ohm 
lines. Maximum level + 22 dbm. Shipping weight 2 lbs. 
$60.00. 

Model AC-60B is similar to the AC-60A except that it 
is for use in audio systems, being specifically designed for 
connecting @ 330 Noise and Distortion Analyzer to a bal- 
anced line. Frequency range is 20 cps to 45 KC; maximum 
level is + 1 5  dbm. Shipping weight 6 Ibs. $80.00. 

@ AC-1OC/D Binding Posts 

Designed by @, these posts insure a positive connection 
that can be changed quickly and easily. The recess for “ban- 
ana” plugs is in the main body of the post to eliminate exces- 
sive contact resistance. The cross-hole for permanent connec- 
tion may be used even when a plug is inserted. The posts 
have a nylon insulated ferrule. AC-1OC (black), 6.40; AC- 
1oD (red), S.40. 

@ A C - 5 4  Insulators 

These binding post insulators are of four standard de- 
signs. All insulators are Y4’’ thick. Holes are spaced %’’ 
apart, have a minimum diameter of 0.190” and a 7 O  taper. 
AC-54C and AC-54G are made of nylon, others are poly- 

styrene. Black only. AC-54E, F, G and H are similar, re- 
spectively, to AC-54A, B, C and D, but have locating pins 
to prevent the bodies of the AC-10 Binding Posts from 
turning. 

@ 24 Waveguide Stand 
Model 24 Waveguide Stands are cast and machined from 

aluminum alloy. They are designed for @ 25 Waveguide 
Clamps and lock the clamps at any height from 23/”  to 
5%”.  Model 24 is 21/2rf high and its base measures 4%’‘ in 
diameter. $3.00 each. 

@ 25 Waveguide Clamps 
These clamps consist of a rubber molding with a steel 

insert. They are offered in 8 sizes to fit waveguide equip- 
ment covering frequencies from 2.6 to 40.0 GC (KMC). 
They are designed for use with @ 24 Waveguide Stand, and 
when mounted in the Stand can be adjusted upward or 
downward to conform with a waveguide setup. When order- 
ing, specify waveguide size. Model S25, 3” x Model 
G25, 2” x 1”; Model 125, 1Y2” x %”; Model H25, 1%” 
x 5/”; Model x25, 1” x Y2”; Model P25, .702” x ,391”; 
Model K25, .500” x ,250”; Model R25, .360” x ,220”. 
$2.50 each. 

@ AC-76A BNC-to-Binding-Post Adapter 
This @ adapter mates with a BNC receptacle, providing 

an easy method of connecting clip leads, banana plugs or 
wires to instruments having BNC receptacles. The nylon 
ferrule of the center conductor binding post is colored red; 
the other ferrule is black. Spacing between the banana jacks 
is 3 /4 ” .  $5.00 each. 

Data subject to chaizge umithout notice. Prices f.0.b. factory. 
c Ouaiititj discoufzt prices 011 request. 
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AC- 16A Cable Assembly. Equipped with two dual banana 
plugs, this assembly is a section of RG-58C/U 50 ohm coax- 
ial cable measuring 44 inches overall. Plugs are for binding 
posts spaced 3/4 inch between centers. Each, $4.50. 

A C - I  68 Cable Assembly. Identical with AC-16A except 
has dual banana plug ( 3 / 4  inch center) on one end and 
UG-88/U Type BNC male connector on other end. Length 
overall, 45 inches. Each, $5.50. 

A C - I 6 C  Cable Assembly. This cable consists of 6 feet 
of RG-9A/U 50 ohm coaxial cable terminated on one end 
with UG-21B/U Type N male connector and UG-23B/U 
Type N female connector at opposite end. For use at fre- 
quencies below 4,000 MC. Each, $13.00. 

A C - I 6 D  Cable Assembly. This cable consists of 44 inches 
of RG-58C/U 50 ohm coaxial cable terminated on one end 
only. Termination is UG-88/U Type BNC male connector. 
Each, $3.50. 

A C - I 6 E  Cable Assembly. A short cable of 9 inches length 
consisting of RG-58C/U 50 ohm coaxial cable terminated on 
both ends with UG-88/U Type BNC male connectors. Each, 
$5.50. 

A C - I 6 K  Cable Assembly. This cable consists of 4 feet of 
RG-58C/U 50 ohm coaxial cable terminated on each end 
with UG-88/U Type BNC male connectors. Each, $6.50. 

A C - l 6 F  Cable Assembly. For use at frequencies below 
4,000 MC. Consists of 6 feet of RG-9A/U 50 ohm coaxial 
cable terminated on each end with UG-21B/U Type N male 
connectors. Each, $15.00. u‘ 

A C - 1 6 9  Cable Assembly. For use at frequencies above 
4,000 MC. Consists of 6 feet of specially treated RG- 9A/U 
50 ohm coaxial cable terminated on each end with UG- 
21D/U Type N male connectors. The cable is designed for 
low SWR in the 4,000 to 12,400 MC range. Each, $18.50. 

I 

AC- 16s Test Leads. Dual banana plug to alligator clips. 
Five feet long, one red lead, one black lead. Each, $7.50. 

A C - I 6 T  Test Lead. Dual banana plug to probe and alliga- 
tor clip. Five feet long. Each, $10.00. . ~ i_ 

Prices f.0.b. factory. 

Data subject to change without fzotice. 
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@ CABINETS AND MOUNTING METHODS 

Most @ instruments are available either factory mounted 
in @ portable cabinets or ready for mounting in standard 
EIA* relay racks. Basic dimensions are indicated below. 
Rack-mounting models are also available with telescoping 
slides at slight additional cost. 

ElA* Modular (Rack) Mounting 

In addition, most rack-mounting @ instruments which 
have 10%” by 19” panels may be quickly converted to bench 
use by installing the instrument in an @ AC-44 Cabinet or 
by attaching @ AC-17 End Frames. 

@ AC-PA/B Dual-Mounting Modular Adapter 

@ instruments which are normally supplied with either 
7” x 19” control panels (for standard EIA modular mount- 
ing) or 9.875” x 7 ”  panels (for small portable cabinets) can 
also be mounted side-by-side in @ AC-zA/B Adapter Panels. 
These panels measure 10.5” high x 19” wide. Thus instead 
of the 14” height of two conventional 7“  high rack mount 
instruments, the same two @ instruments in “cabinet” con- 
figuration can be rack-mounted side by side at a height sav- 
ing of 3.5“. 

New Instrument Packaging 

Beginning with the calendar year 1961 many new @ in- 
struments will be packaged according to a system derived 
from EIA Standard SE-102. The basic intent of this system 
is to provide a new degree of versatility in mounting, as well 
as improve compactness and interior accessibility. 

These trim, efficient-looking new instruments are ideal for 
bench use, either singly or stacked; they are easily rack- 
mountable, either with or without extension slides; and they 
are conveniently portable for field applications. 

*Electronics Industries Association (formerly RETMA) 
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These instruments fall into two classes: 

1. Those units which, by reason of control panel area, vol- 
ume, and thermal dissipation, lend themselves to the full 
EIA rack width. This class is directly mountable in racks 
through the addition of the two brackets and a filler-strip 
which are provided. Or, if preferred the included feet 
and tilt-stand may be attached for bench use. See Figure 1. 

2. Those units which dictate a greater height-to-width ratio 
than the first group, but do not justify the full rack width. 
A convenient 6-31/32” high modular adapter ( @  AC- 
146A) is available for mounting these units in racks. See 
Figures 2A and 2B. These modular adapters can also be 
used for combining instruments neatly on the bench, 
merely by attaching the feet provided. 

The @ AC-146A Modular Adapter is supplied with two 
partitions so that three instruments 5%‘‘ wide or two instru- 
ments 7%” wide may be placed side by side. 

Any unused space in the Modular Adapter may be con- 
verted into a convenient storage compartment by adding one 
or more standard accessory drawers. 

INSTRUMENT 

MOUNTING BRACKETS 
Figure I .  Rack Mounting Instrument. 

Mounting brackets detach and feet are added for bench use. 

Figure 2A. AC-146A Modular Adapter 
with two partitions for instruments 5 %  inches wide. 

Figure 2B. AC-146A Modular Adapter 
with one partition for instruments 7% inches wide. 



CATALOG OF SYSTEMS 
AND INSTRUMENTS, 1961 

Programmable Systems for Data Handling, Component 

Testing, Automatic Measurement and 

Control Applications 

Dymec’s digital instrumentation design concepts based upon “off-the- 
shelf” building-block modules provide reliable, inexpensive systems to 
quickly meet your exact requirements. Units are available to accept input 

signals from most types of transducers. Output information is available on 
punched cards or tape, typewritten or printed record, or visual display as 
required for most convenient analysis and handling. 

RF and Microwave Checkout Equipment for Production, 

Maintenance, Field Support 

Program controlled doppler radar simulators, signal generators, receiver 
testers and complete system check-out devices are designed and built by 
Dymec to prove operational readiness of missiles, satellites, ground support 
and airborne systems. Hewlett-Packard- and Dymec-developed advanced 
engineering techniques for signal generation, modulation, frequency con- 
trol and attenuation are combined to provide reliability and accuracy, 

Special Purpose Instruments for Test, Measurement 

and Performance M o n i to ri n g 

Dymec digital and RF system building-blocks are available to you for 
specialized applications. In addition, Dymec produces a variety of special- 
purpose test sets and broadcast monitors for performance monitoring. 
These devices, described on the following pages, feature the same high 
reliability and economy available in “off-the-shelf” Dymec and Hewlett- 
Packard equipment. 

c 



DYMEC DIGITAL SYSTEMS @3? 
Engineered Assemblies of “Bu i I d i ng - Block“ Units 

Assure Economical, Reliable Data Handling Systems 

Dymec builds digital systems for automatic data logging, 
component testing, missile/aircraft checkout, and many other 
applications. Building-block assembly and a unique digitizing 
method provide high accuracy and design flexibility at mini- 
mum cost. 

Size, cost and complexity of a Dymec system depend on the 
functions to be performed. A simple data processing system 
may include only a digital voltmeter, a coupler/translator, and 
a tape punch or electric typewriter. Total cost-a few thousand 
dollars. A more elaborate system, such as an automatic com- 
ponent test set, may include automatic scanning, programming, 
multiple measuring devices, buffer storage, tolerance compara- 
tors and high speed output recording equipment. Total cost- 
depends on requirements. 

In every case, Dymec will provide you with a system to 
meet your specific needs. 

Elements of Dymec Systems 
Essential elements of a Dymec digital system are shown in 

the diagram below. Basic system elements are (1) input scanner, 
( 2 )  programmer, (3) digital voltmeter or analog-to-digital 
converter, (4) output coupler/translator, and (5)  recorder. All 
or any combination of these elements may be included for your 
individual system, depending on the exact measurements to be 
made. 

Dymec Input Scanners accept one or more assorted electrical 
inputs in the form of dc or ac voltage, current, resistance, time 
or frequency. 

Dymec Digitizing Equipment will count an input frequency 
directly, or convert an input voltage, current or resistance to a 
precisely proportional frequency which can then be counted. 
Dymec systems provide accurate and versatile data processing 
because all inputs are converted to frequency to take advantage 
of the inherent accuracy provided by any of a wide range of 
Dymec or @ standard counters. 

Dymec Output Coupler/Translators receive information 
from counters and other digitizing equipment and translate it 
to the proper form for direct recording. 

Output Devices such as remote Digital Displays and Digital 
Comparators are also supplied. 

Recorders, including electric typewriters, printers or adding 
machines, tape and card punches and magnetic devices are availa- 
ble with Dymec systems. 

Programming of system operation is done by built-in circuitry 
in standard Dymec system counters and scanners. For more 
complex operations, custom programmers are designed and 
furnished, 

. . . . -. - - ___ - 
FROGRAMMING 

_I.._______ .. . .- . . . .. - 

MULTIPLE 
ASSORTED 
INPUTS - 

DC Volts 
AC Volts 
Frequency 
Period or time 

Interval 
Current 
Ohms 

I I 
I I 

bUTOMATIC SCANNING: SCANNER FUNCTlON SELECTION FOR SELECTION OF GATE T I M E  
PROCEEDS TO NEXT INPUT POINT EACH :NPU- CHANNEL F3R EbCw INPUT CHANNEL 
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COMPARISON 
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COMPARATOR CONTROL SIGNALS 
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DYMEC VARIABLE GATE-TIME COUNTER 
PROVIDES DIGITAL OUTPUT IN DESIRED 
UNITS OF MEASUREMENT OR PERCENT- 
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I , N  RECORDING SOME CASES DEVICES T N O  

‘ COUPLING/TRANSLATING ’$ - 
Elements of Dymec Automatic Digital Systems for Data Handling. Other systems for component testing and 
various measurement and control functions are assembled from the same basic building-block components. 
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DYMEC DATA HANDLING SYSTEMS 
Dymec Digital Systems will measure and process any information which can be 

transduced into an electrical quantity. Input information can correspond to temperature, 
pressure, speed, size, volume, position, or virtually any measuring parameter. The de- 
sired data, after being digitized within the system, can be recorded on a printer, type- 
writer, punched paper tape or cards, or magnetic tape for efficient handling and analysis. 
Local or remote visual displays are also available for conveniently monitoring system 
measurements. The Dymec system may include programming to control automatically 
such factors as speed and sequence of data accumulation, Because problems of data 
handling and recording are seldom identical, most Dymec systems are tailored to the 
specific use. The two typical systems shown below are indicative of the approach used 
for data handling applications. 

A Simple, General -Purpose Data Recording System 

Digital records of voltage variation can be main- 
tained accurately and reliably with the simple digital 
system shown in Figures 1 and 1A. Consisting of 
only four building-block instruments, the system 
accepts a dc input voltage, digitizes the value, 
translates the digital information and couples it to 
a tape punch or printer to obtain a permanent re- 
cord. Using Dymec’s proven voltage-to-frequency 
converter and a standard counter as the digitizing 
element, the system provides accurate measurements 
essentially unaffected by input noise, By appropriate 
choice of building blocks, the system can provide 
four-or-five digit resolution with overall accuracy 
to within 0.02%. Additional building blocks can 
be added to permit accumulation of data from more 
than one input, recording of other information 
such as time with measured data, and programming 
of the measurement and recording sequence. Price 
of the basic DY-5552 system, including voltage-to- 
frequency converter, counter, output coupler, 
cabinet, and tape punch is about $3,600.00. 

Figure I .  Simple data logging sys- 
tem for collecting digital records of 
an analog variation. Voltage-to-fre- 
quency converter and counter pro- 
vides high accuracy at less cost than 
other digitizing techniques. (See also 
Figure 1 -A alongside.) 

Data Logging System with Automatic Totalizing 

In many applications, records are needed not only on the variations in magnitude 
of a variable but also on the accumulated value of the variable over a specific time 
interval. A typical example of this is in rocket engine tests where both total thrust 
developed and variation of thrust with time are important. A simple logging system 
based on the integrating capability of the Dymec voltage-to-frequency converter provides 
both of these desired results automatically and accurately. 

In such an application, Figures 2 and 2A, a varying dc voltage proportional to the 
rocket engine’s thrust is developed by a force transducer and applied to a Dymec voltage- 
to-frequency converter. Two counters are connected across the converter output. One 
samples the converter frequency output for short intervals so that the thrust vs. time 
curve can be derived. The other counter accumulates the total number of pulses generated 
by the voltage-to-frequency converter during the test to indicate the total thrust devel- 
oped during the burning interval. A digital printer provides a record of -thrust 
variations during the test; when the test is completed the printer records the stored 
reading on the totalizing counter. Cost of this straight-forward system, including voltage- 
to-frequency converter, two counters, printer, and cabinet, is less than $4,500.00. 

D C  VOLTAGESb)  
(0-1 V,O-IOY, 0- IOOY, 0- 1000 V I  

I 

I 

Figure I-A 

THRUST FORCE 
TRANSDUCER 

---- 
- 0 T O I V O L T D C  

VOLTAGE-TO- 
FREQUENCY 
CONVERTER 

o ro 100.000c~s 

0. I SEC. GAT E 

Figure 2-A 

Figure 2. Integrating principle of Dy- 
mec voltage- to-frequency converters 
provides simple, accurate means for re- 
cording both rate-of-change and total 
change in applications such as thrust 
measurement. ( S e e  also Figure .?-A 
above.) 
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Examples of 
DYMEC DIGITAL SYSTEMS 
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Automatic programmable component 
testing system speeds reliability studies on resistors, 

capacitors, diodes, Zener diodes. 

OUTPUT FROM LOAD CELLS 
(GROSS WEIGHT) 

CONTROL SIGN4LS FOR 
SELECTION OF ROLLING MILLS 

1 
DIRECT-READING 

O I S P L A I  Of 
NETBILLETWEIGHT 

BIN A RY/DEC I MAL 

4 
RECORD OF WEIGHING5,COMPLETE 
WITH T I  ME-OF-DAY-INFORMATION 

Dymec voltage-to-frequency converter 
automatically provides net weight information 
to process control computer. 

Automatic Component Testing 
By automatically measuring and recording component values, 

Dymec component testing systems provide important time and 
money savings for manufacturers and users of electronic com- 
ponents. Human errors are eliminated, high measuring accu- 
racies are easily achieved and component test rate is sharply 
increased, Using the same “building-block” approach as for 
simple data logging systems, automatic component test sets can 
be programmed to make a wide variety of tests and measure- 
ments on resistors, capacitors, diodes and other basic electrical 
components. 

The system shown here is one of two designed for reliability 
studies on large numbers of components. Up to 200 individual 
components are mounted on etched-circuit boards which are 
inserted into the test set. Test voltages and currents, and 
GO/NO GO limits are set manually, and the desired testing 
sequence is programmed on the control panel. The complete 
test sequence is then performed automatically at the rate of 
about one component per second. Both measured data and 
pre-established identification data are recorded on punched 
cards. 

Component testing systems utilizing similar techniques can 
automate production test and incoming inspection activities of 
any component manufacturer or user. 

Digital Control System Automates Rolling Mill 
High measurement accuracy, simple operation and convenient 

handling of output data are key reasons why Dymec Digital 
Systems are used in process control installations. Since Dymec 
systems are assembled from modular units, individual require- 
ments of each installation can be met quickly without excessive 
costs for special engineering. 

A typical application of Dymec digital techniques in a proc- 
ess control system is shown here. The Dymec equipment assists 
in computer control of rolling mill Qperations by automatically 
providing net weight in digital form for each steel billet passing 
over a weighing table. The digital information is supplied to 
a computer that determines which rolling mill the billet must 
pass through to meet predetermined size requirements. Com- 
bined dc voltage output of load cells in the weighing table is 
converted to frequency in a Dymec voltage-to-frequency con- 
verter. A zero offset feature included in the voltage-to-frequency 
converter automatically subtracts the tare weight of the table 
from the gross weight information supplied by the load cells. 
The frequency output of the converter is counted by a Dymec 
computing counter to provide an output reading directly in net 
weight. The weight information is supplied to the control com- 
puter and also printed on paper tape with a record of the time 
the measurement was made. 

- _  
The systems shown here are working examples of  the hundreds of Dymec package combinations possible to meet 
your needs for  data logging, component testing, system checkout, and process control. Ask Dymec or a Dymec 
representative to show you how these “designrd-for-systems” units can be assembled to meet your needs. 



Dymec data handling systems will accept electrical in- 
puts in the form of dc voltage, ac voltage, frequency, 
time interval or period, resistance, and current. Up to 100 

inputs are accommodated by standard system components; 
specially engineered input devices can be provided when 
more inputs are needed. Output information is furnished 
in any format needed for visual display or for operation 
of tape punches, card punches, digital printers, electric 
typewriters, or magnetic tape recorders. 

Any desired measurement sequence can be programmed 
into the system. In  addition, Dymec systems can be pro- 
grammed to provide necessary scaling, normalizing and 
ranging of measured quantities. 

Input Types and Ranges 

DC Voltage: From a few millivolts to 1000 volts or higher. 

AC Voltage: From a fraction of a volt to 500 volts rms, 20 cycles 
to 100 KC or more. 

Frequency: DC to 10 megacycles or more. 

Time Interval or Period: From less than a nanosecond to 100 days. 

Resistance: Fractions of an ohm to 100 megohms or more. 

Current: From 10-9 amperes to 10 amperes or more. 

Programmable Functions 

Scaling: Separate multiplying factor can be supplied for each 
measurement to provide digital readings in desired measuring 
units. (psi, gpm, rpm, etc.) 

Scale Expansion: Zero off set provides high measurement resolution 
by utilizing full accuracy of voltage-to-frequency converter on 
each range. 

Ranging: Measuring equipment can be set automatically to de- 
sired range for each channel measured. 

Normalizing: Separate multiplying factor can be supplied for each 
channel to equate all measurements to some par value. 

Sequence: Channels can be measured in any desired sequence or 
omitted from any measurement cycle. 

Other Features 

'olarity: Automatic indication of positive or negative input. 

:hannel Identification and Auxiliary Data: Channel identification 
codes are automatically generated and recorded with each meas- 
urement. Additional manually entered data may be recorded 
simultaneously. 

nterlocked Operation: System building blocks are synchronized 
to conserve time and assure reliability. 

nput Connections: Convenient-access input connectors accept 
any electrical input given above including very low level input 
signals. 

. -  . ... . .. 22 

Major savings in equipment costs are obtained by connecting 
u p  to 100 inputs to a single set of digitizing equipment with 
DY-2901/2/3/4 Input Scanners. Model DY-2901 scanner ac- 
cepts up  to 23  inputs, and Models DY-2902/3/4 scanners may 
be added and operated in combination as slave scanners. Ex- 
pansion capability of the DY-2901 lets you add more channels 
as needed, if fewer than 100 inputs are connected initially. 
Built-in programming in the DY-2901/2/3/4 gives you addi- 
tional savings in system cost. Channels to be measured are 
selected by front-panel push buttons, and an internal pin board 
selects the desired sequence and timing of the measurement 
cycle. Scanning sequence can be controlled manually or auto- 
matically, and the scanning cycle can be initiated locally or re- 
motely. 

Accurate and dependable operation, even with very low level 
inputs, is assured by high quality features such as gold-plated 
stepping switch terminals and premium-quality connectors for  
input signal connections. 

ations 

Scanning Modes: 1. Continuous 
2. Single 25-point cycH 
3. Manual step 
4. External step 

c 

Scanning Rate: Controlled by the measuring/recording equipment 
through a fully closed loop interlocked operation or manual corn. 
mand. Programmable delay circuit allows for stabilization of ampli- 
fiers and ac measuring devices in system. 

Inputs: Accepts types and ranges of inputs indicated at left. Any combi- 
nation of input types and ranges may be used. 

Scanner Advance: Steps to next programmed channel automatically on 
command. 

Stepping Switch Levels For: 
Floating Signal pairs and shield 
Control of channel identification lamp on front panel 
Scan-control circuit 
External programmer or internal pin board 
Programmed delay of read command 
Plug-in bQards which provide channel identification codes to the 
system 

Dimensions: 19" wide x 7" high x 16%'' deep. (Excluding connectors.) 
Price: Typically $1950.00 for DY-2901 master, $1750.00 for DY- 

2902/3/4 slave units, depending on application. 
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DYMEC DIGITIZING 

DY-221 I A R / B R  (Rack  Mount) 

Advantages: 

I 

I 

Provides accurate, inexpensive digital voltmeter with any 
gated counter. 

Inherent noise averaging characteristic assures accuracy, 
even in presence of noise or hum. 

Converting voltage to frequency provides high accuracy, 
good resolution in digital system applications. 

Operating principle permits direct integration of input to 
measure “area under the curve.” 

Models DY-2210 and DY-2211AR/BR Voltage-to-Fre- 
quency Converters are all-electronic measuring instruments 
which average out noise or hum on the input to provide high 
accuracy voltage measurements at lower cost than with other 
conversion techniques. 

An input dc voltage is converted to a proportional frequency 
of constant amplitude, which is applied to a gated electronic 
counter. The counter provides a direct digital indication of the 
input analog voltage. 

Voltage-to-frequency converters are useful both individually 
and as a basic building block for digital systems. On an individ- 
ual basis they are used with any electronic counter to provide 
an inexpensive digital voltmeter. As part of a digital system they 
convert the electrical input into a precisely proportional fre- 
quency which is easy to count with proven and inexpensive 
electronic techniques, The combination of a voltage-to-frequency 
converter and electronic counter is an all-electronic digitizing 
method which is accurate, has high resolution, and is compatible 
with all types of display and recording equipment. 

All three Dymec voltage-to-frequency converters operate on 
the basic principle of continuously integrating the applied input 
voltage to produce an output frequency always instantaneously 
proportional to the input. The output frequency is sampled over 
a precisely controlled counter gate time to provide a digital 
measure of the input voltage. 

Models DY-2210 and DY-2211AR have full scale frequency 
output of 10 KC to provide four-digit resolution when used 
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DEVICES 

DY-2210 (Cabinet Mount) 

Brief Specifications 

DY-221 I A R / B R  DY-22 IO/22 I OR 

0 - 1  0 - . 1  0 -  1 0 - .1 Volt* 
0 - 1 0  0 -  1 0 -  10 

0 -  1000 0 -  100 

0 - 1 0  KC 2211AR 0 -  10 KC 
2211BR 0 - 100 KC 

0.06% 2211AR 0.02% 
2211BR 0.0370 

7%“ wide, 111/4’’ high, 111/2” deep. 
19” wide, 3-15/32” 
high, 10-3/16” deep 

13 lbs. 26 lbs. 

DY-2210, $660.00 (cabinet) DY-221 lAR/BR 
DY-2210R, $650.00 (rack) $1,250.00 (rack) 

19” wide, 3-15/32” 
high, 19%‘’ deep 

u‘ 

*Available at extra cost. - 
i Accuracy is affected by frequency and accuracy of calibration, line volt- 
age variations, temperature changes, and accuracy of multi-range input 
attenuators. Figures given are typical of performance under norma1 
operating conditions. 

with a 1 second counter gate, OK three-digit resolution with a 
0.1 second gate. Model DY-2211BR has full scale output of 
100 KC to provide an additional digit of resolution, 

The integration principle of Dymec voltage-to-frequency 
converters provides two major advantages over other types of 
analog-to-digital conversion. First, because applied voltage is 
measured for a discrete time interval, as determined by the 
counter gate time, the reading obtained is an average rather 
than an instantaneous value. The reading is therefore largely 
independent of noise or hum level on the applied signal. A 
second major advantage of integration is that a record of total 
input voltage (integral of voltage with respect to time) can be 
obtained in addition to the usual record of .input variations. 



Voltage to Frequency Converters W Digital Voltmeters 

Range and Sampling Rate Programmable for Systems Flexibility. 
Input Guard Circuitry Gives High Common Mode Rejection. 
Automatic Noise Averaging Through Integration 

New Model DY-240 I Integrating Digital Voltmeter provides 
more measuring convenience, greater measurement capability, 
and higher realizable accuracy in systems than any previously 
available digital measuring instrument. 

A unique measurement advantage of the DY-2401 is that 
it reads the average value of voltage applied over a definite, 
selected sample period, This is especially important since it helps 
to increase accuracy in system use where noise and hum pick-up 
are likely to be encountered. 

Range, sample period and sample rate of the DY-2401 are 
externally programmable by contact closures to assure maximum 
flexibility in system applications. 

The DY-2401 is also an extremely versatile laboratory instru- 
ment. Its high accuracy and contact-closure control features as- 
sure a high order of flexibility in lab bench set-ups. 

Applications of the DY-2401 are even further extended by 
the dual nature of the instrument which is actually two instru- 
ments combined in a single package. A voltage-to-frequency 
converter similar to those described on the opposite page con- 
verts the applied analog voltage to a precisely proportional fre- 
quency which is counted by a transistorized 300 KC electronic 
counter. The DY-2401 becomes a standard multi-purpose 5 -  
digit electronic counter simply by setting the convenient front 
panel control to FREQ. 

Input guard circuitry greatly reduces the effect of common 
mode ac pick-up between the signal source and the DY-2401. 
Both the input signal pair and the guard circuit may be operated 
at up to 500 volts above chassis ground to permit voltage meas- 
urements referenced above instrument ground. 

Over-ranging measurements of up to 300% of nominal full- 
scale value can be made on all but the highest voltage range. 
The input circuit is automatically opened when the input voltage 
exceeds 350% of full scale to prevent damage to the digital 
voltmeter. 

Model DY-2410 converts acaolts, resistance, and dc volts to 
a proportional dc voltage with 1 volt nominal full-scale-output. 
Function and range are selected by illuminated front panel 
pushbuttons. The instrument also features complete external 
selection of function and range by contact closures. All meas- 
urement circuits are floating and guarded for rejection of com- 
mon mode ac pick-up. Programmable dc attenuator optionally 
available for measuring dc voltages with DY-2210/2211. At- 
tenuator not needed if DY-2410 is used with DY-2401. 
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DYMEC DIGITIZING DEVICES 
Automatically translates Digital Data to De- 
sired Measurement Units (psi, gpm, fps, etc.) 

Variable gate-time provides computing func- 
tion to furnish data in most usable form. 

Dual inputs permit ratio measurements. 

Numerous options and simple modifications 
reduce system costs. 

Pulse rate information from transducers or voltage-to-fre- 
quency converters is counted and displayed in any desired meas- 
uring units by the DY-2500 Computing Counter. For example, 
rotational speed can be measured and read directly in rpm or 
i-ps. Information on flow, volume, or pressure can also be read 
directly in desired units such as gallons per minute or psi. With 
data supplied in standard engineering units, subsequent han- 
dling is simplified and transcribing errors are eliminated. 

The DY-2500 is particularly well suited for measuring rota- 
tional rate or speed in conjunction with the DY-2504 Photo- 
electric Tachometer or other tachometer generators rnanufac- 
tured by Dymec and Hewlett-Packard. For measuring other 
analog quantities, the DY-2500 is often used with a Dymec 
Voltage-to-Frequency Converter and a suitable transducer. 

Visual and Electrical Readouts 

The DY-2500 provides visual readout plus electrical outputs 
to drive digital recorders such as the @ 560-4. With auxiliary 
Dymec units, the output of the DY-2500 can be coupled to 
other recording devices such as tape punches, card punches or 
typewriters, 

Variable Gate-Times 

Application of the DY-2500 is more flexible than that of 
standard electronic counters which have a limited selection of 
gate times in decimal ratios of one second. The DY-2500 gate 
time is adjustable by front panel controls in unit steps of one 
from 00001 to 99999. For systems applications, the counter 
gate time can be externally programmed by providing decade 
contact closures to the front-panel receptacle. Thus, the read- 
ing for each input channel to the system can be recorded in the 
appropriate measuring units, or normalized. Only a simple 
preliminary computation is needed to determine the proper 
setting of the front panel controls to provide output information 
in the desired engineering units. 

Ratio Measurements 

Efficiency of a machine or process can be determined directly 
by utilizing the ratio measuring capability of the DY-2500 
Computing Counter. This is done by applying two different 
frequencies simultaneously and displaying their ratio. If, for 
example, the two inputs represent fuel flow and engine speed, 
the DY-2500 will provide output information in the form of 
revolutions per gallon which is indicative of engine efficiency. 

second increments. 
Outputs: Staircase and BCD. 
Power supply: 115/230 v * 1070, 50/60 cps, 260 watts. 
Dimensions: Cabinet Mount: 2034" wide, 121/2" high, 14%' 

deep. Rack Mount: 19" wide, lo+$'' high, 141/2" deep. 
Weight: Cabinet Mount: 50 Ibs. net, shipping weight 95 lbs 

Rack Mount: 45 lbs. net, shipping weight 90 lbs. 
Price:DW+?500-4, cabinet mount, ,$l350.00; rack mount, $1330. 

DY-2500-5, cabinet mount, $1425.00; rack mount, $1405. 
See DY-2500 Data Sheet for complete list of options, detai 
specifications and prices. 
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Computing Counters Accessory Equipment 

Typical of special - purpose computing counters 
using DY-2500 Techniques. 

Speeds, Simplifies Measurement of Telemeter- 
ing Sub-carrier Signals. 

The DY-2503BR is typical of the special-purpose counters 
which Dymec can furnish by using the basic principle of the 
DY-2500 Computing Counter. In this case the front panel push- 
buttons simply select a predetermined gate time calculated to 
provide a reading in percent of period of any one of 18 IRIG 
(RDB) channel mid-band frequencies. Model 2503BR also 
provides the flexibility of front panel gate time selector dials so 
that the counter can be used for other applications or for: meas- 
uring other than the standard RDB channels. 

.0001 to 0.9999 
times of 1 and 1 

Price: DY-2503B 

Computing Counters for individual Applications 

Dymec manufactures large or small quantities of variable or 
fixed gate counters similar to the DY-2500  for  specific measure- 
ment requirements. T h e  measuring system shown below, and 
the DY-2503BR special-purpose counter described above are 
typical of requirements met  in the past. Dymec’s field engineers 
or your Dymec engineering representative will be glad to discuss 
your individual application. 

Computing counter with multichannel programmer to provide diffetent 
gate time foi each measurement channel as might be required in a sys- 
tem application. 

Shaft rotational speed from 0 
rpm to 10,000 rpm, and accumu- 
lated shaft rotation can be meas- 
ured easily and accurately with 
the DY-2504A Photoelectric Ta- 
chometer. Low friction and low 
moment of inertia of the DY-  
2504A assure extremely light 
loading of the driving shaft to provide rapid response to speed 
changes, even with low input torque. 

Rotational speeds are measured by counting the number of 
pulses produced by the tachometer within a specified time in- 
terval. Accumulated shaft rotation is determined by counting 
the total number of pulses from a specified starting point. (Sev- 
eral options are available to provide from 60 to 360 constant 
amplitude and duration pulses for each shaft rotation in either 
direction.) 

Accurate time information in seconds, minutes and hours is 
provided by the DY-2508A Digital Clock. The instrument pro- 
vides both an easily read in-line visual readout and multiple 
electrical contacts to drive standard data recording devices, This 
permits precise time information to be recorded along with 
data from any Dymec or Hewlett-Packard electronic counter or 
digital voltmeter. Time information from the DY-2508A is 
also used for programming system functions. 

Time signals can be obtained from line-frequency or optional 
crystal-controlled time bases, or from external sources. Numer- 
ous options are available to meet individual requirements for 
accuracy, number of outputs, and type of output code (staircase, 
ten-line, BCD). Price range is typically $1,600.00 to $2,000.00, 
depending on options selected. 
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DIGITAL SYSTEM OUTPUT DEVICES 
Output information from Dymec Digital Systems may be in 

any form desired for fast, convenient handling and analysis of 
data. Dymec’s flexible output couplers will operate electric type- 
writers or digital printers where a written record only is needed; 
or they will drive card or tape punches where data is to be 
entered into a computer or transmitted to a remote location for 
further processing. Display panels are also available for con- 
venient visual readout. For control applications, output data can 
be compared against predetermined or programmed HI-LO 
limits to furnish GO/NO-GO signals. In most cases a combina- 
tion of output handling devices can be operated simultaneously. 

Output Couplers and Accessories. Five standard output 
couplers are used in Dymec systems to meet the many code and 
format requirements of different output devices. They provide 
the necessary translations and conversions to operate typewriters, 
digital printers, card punches or tape punches, and accessory 
devices such as visual readouts and comparators. 

Model DY-2540 Coupler transfers information from paral- 
lel four-line binary data sources to serial-entry recorders. Up to 
50 digits of information can be accepted from as many as six 
sources by one DY-2540 Coupler. More digits and data sources 
can be accommodated by using additional couplers connected 
on a master/slave basis. Two recording devices normally can be 
operated simultaneously even though they require different 
codes. Price of the DY-2540 Coupler depends on the number of 
inputs and outputs, code and format, and on the programming 
desired. Prices range typically from $1,200.00 to $2,500.00. 

Model DY-2542 Tape Punch Set electronically scans and 
translates information from a digitizing device to punched paper 
tape at a rate of up to 60 characters per second. Model DY-2542 
operates from a staircase voltage input (one-line) and provides 
any 5-, 6-, or 7-level perforating code to the tape punch. Price 
of the DY-2542 Tape Punch Set including coupler, power sup- 
ply and punch is typically $5,000 to $5,500. Exact price depends 
on code, format, and number of punch levels. 

Model DY-25 I 2  Card Punch Coupler transfers information 
from any digitizing device with one-line (staircase voltage) 
output to an IBM Model 523 Summary Card Punch. Up to 
eight digits of identification data can be manually pre-set for 
entry onto cards along with the data from digitizing equipment. 
Price of the DY-2512 Card Punch Coupler is typically $3,000. 
Exact price depends on the nature of the digitizing device from 
which information is transferred. 

Model DY-25 13A Counter Scanner automatically scans and 
transfers staircase voltage information from any combination of 
up to six digital data sources to a single digital recorder such 
as the @ 560A, or to a DY-2512 Card Punch Coupler. Six 
digits of counter information plus a channel identifying number 
are supplied to the recording device. Front panel switches per- 
mit selection of the data sources to be recorded or omitted dur- 
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ing the scanning cycle. Price of the DY-2513A is typically $2 , -  
500.00, depending on type and number of data sources scanned. 

Model DY-2530 Binary/Decirnal Register serves two func- 
tions. It serves as a buffer/storage unit and also translates and 
couples data from parallel binary voltage input sources to par- 
allel-entry recorders, comparators, and visual readouts. The 
storage feature permits the Model DY-2530 to receive, store and 
translate measurement data before sending it to the recording 
and handling equipment. A single DY-2530 transfers up to 
seven digits of four-line information from a counter or other 
data source to card punches or parallel entry digital printers. 
Price of the DY-2530 Binary/Decimal Register is typically from 
$695.00 to $1,435.00, depending on the number of digits to 
be transferred. 

Model DY-2532A Digital Comparator automatically com- 
pares six digits of measured data against pre-selected HI-LO 
tolerance limits. Dual concentric switches on the front panel 
are individually set for each of the six digits compared. “HI,” 
“LO,” or “GO” condition is indicated on panel lamps. Cor- 
responding relay contact closures control external equipment 
or convey the information to a recorder. The DY-2532A may 
be used separately or plugged into the front panel of the DY- 
2530 to save front-panel space. Price of the DY-2532A is 
$550.00 for mounting in DY-2530; $565.00 for rack mounting. 

Models DY-2533 and DY-2536 One-Line Digital Displays 
visually monitor measured data. DY-25 33 uses long-life Nixie 
tubes; DY-2536 uses projection-type incandescent lamp indicat- 
ors. Price of the DY-2533 is $250.00 for five-digit display; 
additional digits are $40.00 each. Price of the DY-2536 is 
$275.00 for five-digit display; additional digits are $40.00 each. 

Model DY-2538 Programmed Digital Comparator is used 
with the DY-2530 for comparison of digital measurements 
against any one of five sets of automatically selectable pre-set 
tolerance limits. The desired set of limits against which each 
measurement is compared is individually selected by external 
programming equipment such as the DY-2901 input scanner. 
Price of the DY-2538 is $1,350.00. 

u‘ 

Prices F. 0. B. Factory, Palo Alto, California. All data subject to change 
without notice. 

Model DY-2532A Digital Comparator mounted in Model DY-2530 
Binary/Decimal Register. 



DYMEC RF CHECKOUT 
For Missile, Satellite and Airborne Electronic Systems, 
Radar and Communications Equipment 

Production and field testing, as well as perform- 
ance monitoring is speeded and simplified by 
using Dymec’s advanced techniques for program- 
med measurements. 
Dymec radar simulators evaluate operational readi- 
ness of missile and ground-based radar equipment 
by precisely duplicating signals encountered under 
actual operating conditions. 
Dymec’s programmed signal generators provide 
rapid evaluation of complex airborne electronic 
countermeasures equipment, minimizing down- 
time of aircraft and the probability of unsuccess- 
ful missions. 
Dymec test sets allow rapid checkout and align- 
ment of microwave communication systems to in- 
crease efficiency and increase in-service time. 
The advanced engineering techniques continually 
under development in Hewlett-Packard labora- 
tories are uniquely available to Dymec for incor- 
poration into equipment designed for specific sys- 
tem requirements. 

Test Sets. Complete facilities for test and maintenance of 
radar and microwave communication systems are provided by 
Dymec’s compact, easy to operate test sets. A simple self-con- 
tained system in itself, each microwave test set includes coordi- 
nated instrumentation for generating microwave signals, meas- 
uring power level and frequency of transmitted and received 
signals, and modulating the microwave carrier to simulate actual 
system operation. Four standard microwave test sets and a high 
power signal generator are described in this catalog. Comparable 
devices can be designed and delivered in any quantity required 
to meet individual system needs. 

System Building-Blocks. Many special-purpose microwave 
components are available to meet requirements for automatic 
control and programming of microwave test conditions such as 
frequency, power level, and modulation. In addition to its own 
proprietary skill and know-how, Dymec has available for its 
use the broad experience in microwave techniques of the Hew- 
lett-Packard Company. 

Special-Purpose Instruments Broadcast monitors and sweep 
generators are typical of the individual instruments available 
from Dymec for specialized test and measurement requirements. 
Utilizing the wide range of Hewlett-Packard general-purpose 
instrumentation as a base, Dymec can provide small or large 
quantities of individual instruments specially adapted for a 
given measuring task. 

Radar Simulators. A typical Dymec radar simulator system 
is shown at right, Designed to speed and simplify factory and 
field testing of CW-Doppler radar equipment, the DY-5130 
system simulates relative range, direction and velocity of a target. 

EQUIPMENT 

The signal generator portion of the system may also be used 
to provide other test signals. Techniques used in this and other 
complex radar simulators are described on the following pages. 
They indicate the diversity of Dymec system engineering capa- 
bility for resolution of problems in the general field of rf and 
microwave system design, development, and manufacturing. 

Automatic System Checkout Equipment. Dymec’s capability 
in the digital data handling field, when coupled with its ad- 
vanced rf and microwave measuring techniques, makes possible 
creation of fully automatic equipment for complete system 
checkout. Dymec’s experience in the design and manufacture 
of both simple and complex systems covers the spectrum from 
low rf frequencies through all microwave bands to 40 GC and 
above. Frequently, Dymec can adapt its own off-the-shelf digital 
devices and standard Hewlett-Packacd instruments to meet ex- 
acting system needs, thereby providing economy, reliability 
and expedited delivery of specialized measurement systems. 

205 



DYMEC RF CHECKOUT EQUIPMENT @i? 
A solid background in basic engineering techniques developed at 
Hewlett-Packard and Dymec provides a sound base for designing and building 
numerous special-purpose rf test and measurement systems. Here are brief 
descriptions of some of the specialized techniques pioneered or refined 
by Dymec, with examples of how they are used in test systems components. 

Simulation of Doppler Effect. Modern FM, C W  and pulsed 
doppler radar systems extract valuable information from dop- 
pler shift of the returned signal. Through the use of serrodyne 
modulation techniques, Dymec provides stable test signals to 
monitor and maintain such equipment. Frequency offset, simu- 
lating a doppler shift, is accomplished by applying a sawtooth 
voltage, precisely controlled in frequency, to a traveling-wave 
tube helix. 'Clean spectrums with offsets of up  to 500 KC have 
been obtained without difficulty. 

The DY-2222 Sawtooth Generator is a typical system build- 
ing block for serrodyne modulation of TWT amplifiers. It pro- 
vides a signal for generating doppler offset frequencies from 
5 CPS to 500 KC. In addition, it allows the offset frequency to 
be modulated for simulation of acceleration effects. 

Frequency Stabilization and Control. An efficient technique 
for increasing radar and communication range depends upon 
coherent detection and employs extremely stable frequency 
sources. Dymec has developed both open and closed-loop fre- 
quency generation and stabilization circuits for testing such 
coherent systems. The DY-5 156 Microwave Signal Generator, 
for example, provides high frequency stability over extended 
periods through a temperature range of 40 to 100'F. In a sim- 
ilar system, residual FM has been held to less than 10 KC. 
Dymec also can provide generators incorporating a cavity or 
crystal reference where extremely high stability is required. 

Dymec has also developed simple methods for assuring high 
frequency accuracy in generated signals. One technique which 
has proven reliable and economical utilizes continuously visual 
comparison of the generated frequency against a crystal refer- 
ence. Resettability and accuracy are limited only by the accuracy 
of the crystal oscillator reference. In the DY-5 156 Microwave 
Signal Generator, this straightforward method of adjustment 
provides tuning accuracy of one part in 106 for eight discrete 
frequencies in X-band. 

1 -: 
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DY-2222 Sawtooth Generator provides a precision output for serrodyne 
modulation of TWT amplifiers. High linearity and low flyback time 
assure accurate simulation of doppler shift. 

x 

DY-5 156 Microwave Signal Generator is typical of Dymec radar beacon 
performance evaluation equipment. It provides two phase-coherent 
signals with precisely controlled frequency separation. A third output 
frequency, the arithmetic average of the two generated frequencies, is 
also provided. The system features low residual FM, high frequency 
stability, and a high degree of resettability. 
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Proven techniques assure reliability, economy, performance 

Programmable Frequency Control for Voltage Tuned Os- 
cillators. In  providing stimuli for automatic checkout of wide- 
band equipment such as countermeasures receivers, microwave 
components, and for rf interference and vulnerability checking, 
rapid, programmable tuning of rf signals is required. Often, 
the use of digital techniques improves the efficiency and utiliza- 
tion of such checkout equipment. Vacuum tube oscillators such 
as backward wave oscillators, carcinotrons, or voltage-tuned 
magnetrons are operated from Dymec programmable power 
supplies to provide signal sources capable of rapid setting to any 
required frequency within their range. A typical BWO fre- 
quency control unit provides a stable (to. 1 %) control voltage 
over the range of 150 to 1500 v dc. Since this unit has a built-in 
reference, it can be accurately programmed externally by poten- 
tiometers or relay-selected resistances (as well as by external 
reference voltages), The control unit has a response range u p  to 
10 KC to provide rapid and precise changes in BWO frequency 
with simultaneous wide-range frequency modulation. 

The DY-5783 Programmab!e Power Supply is typical of Dymec volt- 
age-tuned power supplies. It enables rapid programmed selection of 
pre-selected microwave frequencies. 

Programmable Output Levels. For automatic sensitivity test- 
ing of complex receivers, Dymec has manufactured a number 
of programmable waveguide attenuators for accurately adjusting 
signal levels to predetermined values. Using @ precision rotary 
vane attenuators as the basic element, Dymec provides both 
mechanical and servo shaft positioning devices to remotely or 
automatically control signal levels within a checkout system. 

In a typical programmable attenuator, the amount of attenua- 
tion can be remotely changed through as many as seven preset 
positions. Full accuracy of the dial is retained to r t 2 %  or 0.1 d b  
over a 50 d b  range or, by combining two attenuators in one 
assembly, over a 100 d b  range. Units are provided for all wave- 
guide bands from 4 to 40 GC,(KMC). Attenuator position 
can be controlled by local or remote pushbutton o r a n t a c t  
closure, with each new position reached within 3 seconds. Other 
Dymec programmable attenuators utilize a servomotor drive to 
provide continuous control of attenuator position. An average 
slewing rate of 20  d b  per second can be achieved. Programming 
is by remote potentiometer or analog voltage control. Transistor 
servo amplifiers are used for high efficiency and reliability. 

DY-5065, a typical Microwave Doppler Simulator, provides up to 1 
watt CW output power, provides continuous output power monitoring, 
and has a very high degree of phase stability between two independent 
output signals geneFa?a to simulate doppler effect. 
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DYMEC RF SYSTEM TECHNIQUES (e? 
Constant O u t p u t  Level f rom Microwave Signal Sources. 

For meaningful tests of many complex microwave systems, the 
output level from the test generator must be held constant over 
a wide range of frequencies and environmental conditions. To 
meet such requirements, Dymec provides power leveling devices 
which can maintain a constant output power level from any 
source providing a peak power output of 0 dbm or more in 
waveguide bands from 4 to 12 GC (KMC). A typical unit, the 
DY-5676, is simply inserted between the signal source and the 
load to provide constant power to the load, even through 
source variations of up  to 40 db. Automatic level control can 
also be incorporated directly in Dymec signal generators. 

Constant Moni tor ing of Power Output .  The techniques used 
for automatic control of output power level are also applicable 
to constant monitoring of output power. The  attenuator in an 
automatic leveller rotates as a function of the peak pulse power 
input. Therefore, by calibrating the attenuator in terms of power 
level rather than attenuation, essentially the same device is a 
constant power monitor. W i t h  appropriate directional couplers 
and fixed attenuators to control the level of applied power, a 
50 d b  range of power variation can be monitored for frequency 
modulated, amplitude modulated and square-wave modulated 
signals, as well as for pulse modulated signals with pulse widths 
as narrow as 0.25 microseconds. Frequency sensitivity is typi- 
cally less than 1 d b  over X band, and even less at lower 
frequencies. Provision can be made for an analog voltage out- 
put proportional to the power level in order to operate an 
output meter, recorder, or other monitoring device. 

DY-2301 Programmable Waveguide Attenuator provides 3 preset values 
of attenuation at any points within 50 db overall range. Attenuator may 
be actuated by local or remote pushbuttons, or by remote contact closure. 
Unit provides SWR less than 1.15 and phase shift less than 3" over 
entire range. Units can be supplied in frequency range from 3.95 to 
12.4 GC. 

Constant power level is accurately maintained with DY-5676 MicroL 
wave Leveler-.- Servo-motor drive automatically inserts or removes at- 
tenuation as output level of source varies. Attenuator unit is mounted 
directly in waveguide transmission system betmeen source and load. 
Control unit may be mounted at any convenient location. 
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MICROWAVE TEST SETS 
Fm 

SIGNAL GENERATORS 
For Faster, More Convenient Test and Maintenance of Microwave Systems 

By combining several basic 
instruments into a single com- 
pact unit, Dymec Microwave 
Test Sets and Signal Genera- 
tors provide faster and more 
economical test and mainte- 
nance for microwave systems. 
Each test set provides an effi- 
cient signal generator, accurate 

power and frequency meters, and a precision attenuator for 
maximum convenience in making receiver and transmitter meas- 
urements. The standard test sets and signal generator described 
here meet a wide range of test and measurement needs. Small or 
large quantities of comparable instruments can be provided to 
meet specialized or unusual requirements. 

Model DY-623B SHF Test Set operates in the commercial 
and government communications bands between 5925 and 7725 
MC. It is a compact unit for measuring receiver sensitivity and 
selectivity as well as transmitter frequency and power level. The 
DY-623B is particularly suitable for use with communications, 
control and video microwave systems. 

Model DY-624C X-Band Test Set generates and monitors 
frequencies from 8,500 to 10,000 MC. It is particularly adapted 

to testing complete radar or 
fire control systems or radar 
beacon equipment. Circuitry is 
included to provide a variety 
of high quality rf pulses. 

Model DY-5003 X-Band 
Test Set provides all features 
of the DY-624C, and in addi- 
tion has a higher output power, 
making it particularly suited for testing radar transmitters and 
receivers where greater isolation between the equipment and 
the test set is required. 

Model DY-538 I H igh  Power X-Band Signal Generator for 
even more rigorous applications, provides power output of 250  
milliwatts minimum over the range 8,500 to 10,000 MC, with 
output of approximately 400 mw toward the middle of the 
band. Internal and external pulse, FM and square-wave modu- 
lation is provided. 

Model DY-5636 H-Band Test Set operates from 7125 to 
8,400 MC to cover the important microwave relay communi- 
cations band. Its provisions for transmitter power and fre- 
quency monitoring, along with received signal simulating facili- 
ties, make it particularly convenient for testing complete com- 
munications systems. 

DY-5636 I DY-5381 I DY423B D Y - 5 0 0 3 I 

‘Please request Engineering Data  Sheets for  fu l l  specifications. 
( 1 )  3 Klystrons needed for full range. 
( 2 )  .Olb% with temperature correction. 

Prices F. 0. B. Factory, Palo Alto, California. 
All data subject to change without notice. 
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For Continuous 
Monitoring of 
FM and TV 
Transmitters 

Speed, Simplify 
Full Range 
Frequency 
Response Tests 

Dymec broadcast monitors are compact packaged instruments 
specially designed to meet FCC requirements for monitoring 
FM and TV transmitters. Instruments are designed for con- 
tinuous service at transmitter installations. 

Model DY-335ER for vhf and uhf TV has three panel me- 
ters to show visual and aural carrier frequency, and percent 
modulation. A peak modulation indicator lamp is also mounted 
on the front panel. There is also provision for remote indicating 
meters, remote peak modulation indicating lamp, and a de- 
modulated signal for measuring AM and FM noise levels, fre- 
quency response and distortion of the aural transmitter, and for 
continuous program monitoring. Price is $2,700.00. 

Model DY-335BR for FM has two panel meters to show 
carrier deviation and percentage of modulation, with a lamp to 
indicate peak modulation. Provisions are made for operation of 
a remote modulation meter and a remote indicator lamp. Price 
is $1,550.00. 

Models DY-207A and DY-2200AR Audio Sweep Oscillators 
cover their full frequency ranges in a single dial sweep to pro- 
vide a convenient method for full range response tests. 

Model DY-207A covers the 20 cps to 20 KC frequency 
range. It is particularly useful for testing response of audio cir- 
cuits and devices such as amplifiers, transformers, and speakers. 
Amplitude variation is less than *3% over the full range; 
sweep time can be as little as 20 seconds. The oscillator is availa- 
ble with a motor drive and/or accessory potentiometer to facili- 
tate automatic testing with oscilloscope or X - Y  recorder presen- 
tation of the test results. Price is $325.00 (Cabinet), $330.00 
(Rack). Add $65.00 for accessory potentiometer; add $300.00 
for motor drive and potentiometer. 

Model DY-2200AR covers the 5 cps to 5 KC frequency 
range. Full range can be swept in as little as 10 seconds with 
output constant within db. The DY-2200A is particularly 
suitable for rapid testing of servo and vibration systems. Price 
is $585.00 (Rack); add $65.00 for accessory potentiometer. 

F O R  

. .  
z 

A D D I T I O N A L  I N F O R M A T I O N  c 

Engineering Data Sheets 
with descriptive infor- proposal. 
mation and complete 
t echn ica l  spec i f i ca -  
tions are available on all 
products listed in this 
catalog. Copies may be 
obtained from Dymec 
or your Dymec/@ Engi- 
neering Representative. 

Your Dymec Repre- 
sentative will also be 
glad to discuss your 

requirements to Dymec to obtain a quotation or engineering 

How to order DYMEC Products: 

All orders should be addressed to: 
DYMEC, 
395 Page Mill Road 
Palo Alto, California. 

Please do not include Dymec products on purchase orders for 
Hewlett-Packard instruments. Placement of separate purchase 
orders for @ and Dymec will assure faster handling and avoid 
unnecessary delay. - >'- - 

needs for special instru- 
mentation and instrumentation systems, and to forward your 

Prices F. 0 B. Factory, Palo Alto, California. 
All data subject to change without notice. 
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Shorting Switch . . . . . . . . . . . .  191 
Slotted Sections . . . . . . . . . .  167-169 
Standard Reflections . . . . . . . . . .  190 
Stands . . . . . . . . . . . . . . .  192 
Terminations . . . . . . . . . . . .  189 
Thermistor Mounts . . . . . . . .  157. 160. 162 
Transformgs or Tuners . . . . . . . . .  187 

Waveguide Size Tables . . . . . . . . . .  211 
Wide Band Amplifiers . . . . . . . . .  86. 87 
X-Band Signal Generator . . . . . . . . .  209 

u' 

Noise Sources . . . . . . . . . . . .  179 
Phase Shifter . . . . . . . . . . . . .  188 

X-Band Test Set . . . . . . . . . . . .  209 
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AC-lOC/D Binding Posts . . . . . . . .  
AC-16A/T Cable Assemblies . . . . . . .  
AC-16V Delay Line . . . . . . . . .  
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187A/B Oscilloscope Accessories . . . . .  30 
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219A Dual Trigger Unit . . . . . . .  53 
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2 19C Digital Pulse Duratidn Unit . . . .  53 
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302A Wave Analyzer . . . . . . .  60. 61 
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335BR/ER FM/TV Monitors See DY.335. page 210 
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In electronic test instruments, Hewlett - Packard gives you 
complete coverage several different ways. 
In development- Q engineer teams are continually at work 
designing and producing accurate, helpful new instruments 
that meet and anticipate the demands of electronics. 
In instrumentation-the Q line is the world's largest and 
most complete. You choose from over 400 instruments the 
ones that provide exactly the measuring coverage you require. 

In frequency coverage-@ makes nearly every kind of 
useful electronic test instrument. And, for almost all useful 
frequencies, too. For example, Q signal generators and doub- 

COMPLETE COVERAGE 

EASTERN SEABOARD 
Asbury Park, New Jersey 
The I. E. Robinson Company 
905 Main Street 
KEllog 1- 3150 

Baltimore 15, Maryland 
Horman Associates, Inc. 
3006 West Cold Spring Lane 
Mohawk 4-8345 

Burlin ton Massachusetts 
YewelkAs$ciates Inc. 
Middlesex Turnpilie 
BRowning 2-9000 

Bridgeport 8, Connecticut 
Yewell Associates, Inc. 
1101 East Main Street 
Forest 6-3456 

Camp Hill, Pennsylvania 
The I. E. Robinson Company 
Park Place Office Bldg. 
P. 0. Box 187 
REgent 7-6791 

Englewood, New Jersey 
R. M. C. Associates 
391 Grand Avenue 
Lowell 7-3933 

t. Boston Area 

+ New York 21, New York 
R. M. C. Associates 
236 East 75th Street 
TRafalgar 9-2023 

+ Phlladelphla Area 
West Conshohocken, Pennsylvania 
The I. E. Robinson Company 
144 Elizabeth Street 
Chestnut Hill 8-1600 
TAylor 8-6200 

S Sterling Com any 
4232 Brownsvde Road 
TUxedo 4-5515 

Poughkeepsle, N. Y. 
Yewell Associates, Inc. 
806 Main Street 
GRover 1-3456 

Edward A. Ossmann & Associates 
830 Linden Avenue 

Syracuse, New York 

+ Pittsburgh 27, Pennsylvanla 

+ Rochester 25, New York 

LUdlow 6-4940 

Edward A. Ossmann & Associates 
101 Picard Drive, P. 0. Box 128 
GL 4-2461 

+ Indicates Instrument Repair Stations 

Vestal, New York 
Edward A. Ossmann & Associates 
149 Front Street 
STillwell 5-0296 

+ Washington. D. C. Area 
Rockville, Maryland 
Horman Associates, Inc. 
941 Rollins Avenue 
HAzelwood 7-7560 

SOUTHEASTERN STATES 

Atlanta 5. Georgia 
Bivins & Caldwell, Inc. 
3110 Maple Drive, N. E. 
233-1141 

+ High Point, North Carolina 
Bivins & Caldwell, Inc. 
1923 N. Main Street 
882-6873 

Huntsville, Alabama 
Bivins & Caldwell, Inc. 
534-5733 
(Direct line to Atlanta) 

+ Orlando, Florida 
Stiles Associates, Inc. 
1226 E. Colonial Dr. 
GArden 5-5541 

Richmond 30, Virginla 
Bivins & Caldwell, Inc. 
1219 High Point Ave. 
ELgin 5-7931 

St. Petersburg 8, Florida 
Stiles Associates. Inc. 
410 150th Ave., Madeira Beach 
WAverly 1-0211 

CENTRAL, SOUTH 
CENTRAL STATES 

Crossley Associates, Inc. 
2501 West Peterson Avenue 
BRoadway 5-1600 

+ Cleveland 24, Ohlo 
S. Sterling Company 
5827 Mayfield Road 
HIllcrest 2.8080 

+ Chlcago 45, llllnols 

+ Dallas 9 ,  Texas + Phoenix, Arizona 
Earl Li scomb Associates Neely Enterprises 
P. 0. #ox 7084 641 East Missouri 
FLeetwood 7-1881 and CRestwood 4-5431 
EDison 2-6667 

Portland 9 ,  Oregon 

Crossley Associates Inc. 1238 N. W .  Glisan 
2801 Far Hills Avehue CApitol 2-7337 
AXminster 9-3594 

Neely Enterprises + Detroit 35, Michigan 
S. Sterling Com an 1317 . 15th Street 
15310 West Mchiclols Rd. GIlbert 2-8901 
BRoadway 3-2900 

+ Dayton 19, Ohio ARVA 

+ Sacramento 14, California 

+ Salt lake City 15, Utah 
Lahana & Company 
1482 Major Street 
Hunter 6.8166 

+ Houston 5, Texas 
Earl Lipscomb Associates 
P. 0. Box 6646 
Mohawk 7-2407 

+ Son Diego 6. California + lndlanapolls 20, lndlana 
Crossle Associates Inc 
5420 d. College Avenie 
CLifford 1-9255 

Neely Enterprises 
1055 Shafter Street 
Academy 3-8106 

+ Son Franclrco Area Kansas City 30, Missouri 
San Carlos, California 

Harris-Hanson Company Neely Enterprises 
501 Laurel Street 7916 Paseo Blvd. 
LYtell 1-2626 HIlland 4-9494 

+ St. Louis 17, Mlssouri 
Harris-Hanson Compan 
2814 South Brentwood Jlvd. ARWP 
MIssion 7-4350 1320 Prospect Street 

+ St. Paul 14, Minnesota 
Crossley Associates Inc. 
842 Raymond Ave&e 
MIdway 6-7881 

+ Seattle 9, Washington 

MAin 2-0177 

Tucson, Arizona 
Neely Enterprises 
232 So. Tucson Blvd. 
MAin 3-2564 

CANADA WESTERN STATES 

+ Albuquerque, New Mexico 
Neely Enterprises 
6501 Lomas Boulevard, N.E. 
ALpine 5-5586 

+ Denver 10, Colorado 
Lahana & Company 
1886 South Broadway 
PEarl 3-3791 

Lor Cruces, New Mexlco 
Nee1 Enterprises 
114 J. Water Street 
JAckson 6-2486 

+ Los Angeles, Cditornla 
Neely Enterprises 
3939 Lankershim Blvd. 
North Hollywood, Calif. 
m i a n g l e  7-0721 

Montreal, Quebec 
Atlas Instrument Cor oration, Ltd. 
3333 Cavendish Blvl.  
Hunter 9-89495 and 89496 

Ottawa, Ontario 
Atlas Instrument Corporation, Ltd. 
77 Danforth Street 
PArkway 2-7668 

+ Toronto 10, Ontarlo 
Atlas Instrument Corporation, Ltd. 
SO Wingold Avenue 
Russell 1-6174 

Vancouver 2, British Columbla 
Atlas Instrument Corporation, Ltd. 
106-525 Seymour Street 
Mutual 3-5848 



lem offer solid frequency coverage from 50 KC to 40 GC 
(KMC); @ voltmeters from dc to 1 GC, oscillators from 

kl personal service- @ has selected the best independent 
organizations to give you personal help with measuring prob- 
lems. Electronics specialists-men trained by Hewlett - Pack- 
ard-save you time by helping select the exact @ instrumen- 
tation you need-and following through to be sure the 
equipment is properly utilized to serve you best. These men 
are located in major business centers-as near as your tele- 
phone. Call them when you need personal help, in your 
plant, today. 

0.008 to 10,000,000 cps. 

Authorized @ Sales and Service Offices Overseas 
+ Indicates Instrument Repair Stations 

Argentina 
Mauricio A. Suaret 
Telecomunicaciones 
Carlos Calvo 224, Buenos Aircs 
Tela 30-6312-34-9087 

I= Australla 
Geo. H. Sample & Son 
(Electronics) Pty. Ltd. 
17-19 Anthony Street, Melbourne, C.1. 
Tel: FJ 4138 (3 Lines) 

Geo. H. Sample & Son Pty. Ltd. 
280 Castlereagh Street, Sydney 
Tel: MA. 6281 (3 Lines) 

Austria 
Austronik G. m. b. H. 
Franr-Joseph-Strasse 3, Saltburg 
Telephon 74698 

International Electronic Company 
“INELCO S.A.” 
20-24 rue de I‘Hopital, Brussels 
Tel: 1 1 - 2 2 - 2 0  ( 5  Lines) 

Tage Olsen A/S 
Centrumgirden, Room 133 
6D. Vesterbrogade, Copenhagen V. 
Tel: Palae 1369 and Palae 1343 

Hnland 
INTO O/Y 
11 Meritullinkatu, Helsinki 
Tel: 62 14 25 and 3s 125 

Radio Equipements 
65 rue de Richelieu, Paris 28me 
Tel: RIChelieu 49-88 

3. Belqlum 

+ Denmark 

+ France 

9s-41 

+ Germany 
Hewlett-Packard 
Vertriebsgesellschaft m. b. H. 
Frankfurt am Main 
Sophienstrasse 8 
Telefon 77.31-75 and 77- 94-25 

Greece 
K. Karayannis 
Karitsi Square, Athens 
Tel: 23-213 (15 lines) 

India 
The Scientific Instrument 
Company, Ld. 
6, Tej Bahadur Sapru Road 
Allahabad 1 

The Scientific Instrument 
Company, Ld. 
240, Dr. Dadabhai Naoroji Road 
Bombay 1 

The Scientific Instrument 
Company, Ld. 
11, Esplanade East, Calcutta 1 

The Scientific Instrument 
Company, Ld. 
30, Mount Road, Madras 2 

The Scientific Instrument 
Company, Ld. 
B-7, Ajmeri Gate Extn. 
New Delhi 1 

Israel 
Electronics & Engineering Ltd. 
6 Feierberg St., Tel-Aviv 
Phone 64288 

+ Italy 
Dott. Ing. Mario Vianello 
Via. L. Anelli 13, Milano 
Telef 553.081 and 553-811 
Dott. Ing. Mario Vianello 
Via S Croce in Gerusalemme 97, Rome 
Telef. 767-250 and 767-441 

Seki & Company, Ltd. 
Daini Taihei Building 
No. 1 Kanda Higashi-Fukudacho 
Chiyoda-Ku, Tokyo 

Korea 
American Trading Company, Inc. 
178 1st Ka, Euijoo-Ro 
Sudaimoon-Ku. Seoul 
Telephone: 3-4838, 3-7049, 3.1613 

C. N. Rood, N.V. 
11 - 13 Cort van der Lindenstraat 
Rijswijk (Z.H.) 
Tel. The Hague - 98 - 51 . 5 3  (6 Lines) 

New Zealand 
Geo. H. Sample & Son (N.Z.) Ltd. 
431 Mount Albert Road 
Mount Roskill, Auckland, S3 
Tel: 898-439 

Norway 
Morgenstierne & Co. 
Colletts Gate 10, Oslo 
Tel. 60 17 90 

Portugal 
Senatejo Industrial, Lda. 
Rua do Alecrim, 46-S/Loja 
Lisbonne 2 
Tel: 3 44 46 - Bureau 
36 86 43 - Direction 

3. Japan 

Tokyo (866) 3136 - 9 

4- Netherlands 

Unlon of South Africa 
F. H. Planter & Co., (Pty.), Ltd. 
Rosella House 
Buitencingle Street, Cape Town 
Tel. 3.3817 

Spaln 
ATAIO, Ingenieros 
A. Aguilera, No. 8 
Madrid 15 
Tel: 23 27 42 

57 84 51 

$. Swoden 
Erik Ferner AB 
Snormakarvagen 35 
Bromma 1 
T e l :  252870 

Y 

-k Swihrland 
Max Paul Prey 
Hangweg 27 
Koniz - Bern 
Tel: (031) 63 36 44 

-- 

Taiwan (Formosa) 
Hwa Sheng Electronic Co., Ltd. 
21 Nanking West Road, Taipei 
Telephone: 4-6076 

United Kingdom 
Livingston Laboratories Ltd. 
Retcar Street 
London N. 19, England 
Tel: Archway 6251 

Yugaslavla 
Belram Electronics 
83 Av. Des Mimosas 
Brussels 15, Belgium 
Tel: 35 .29 .58  Q 



I ”. . .in experimental science the best equipment is usually the true economy.” 

President’s Science Advisory Committee 


