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20cpsto20kc 5 watts 425.00 20,21 

I I kc to100kc  1 5 watts 1 550.00 1 20,21 

I 1 20cpsto20kc I + 15 dbm i 550.00 [ 22,a 

-hp- 205AG 3 High power tests, gain measurements 

4p- 205AH 

-hp- 230A Carrier test oscillator 35 cps to 35 kc 1 +14dbm/6Wohms j 275.00 ! I4  1 

High power supersonic tests 

i +- 206A High quality. high accuracy audio tests 

1 50cpsto5OOkc i )w/MOohms 1 475.00 1 ~ IS 
-hp- 234A 1 Carrier test oscillator 16Ocpstol6Okc +14dbm/MOohmr 300.00 1 I4  

- h p  233A 1 Carrier test oscillator 

4 I 475.00 1 16, 17 -_---.I___--- __d 
15 mw/* -- -.. - . 1 L----------,------.-”-.-- -hp- 650A Wide range video tests- E ! c p 5 ~ 1 0 m c  1 

Vacuum Tube Voltmeters - 2 cps to 700 mc 
I*- -11-- --- -l___l--__l_._l______.___ 

Insta-mmont t Primary U r s  i koqucacy Ronqc I Voltaqo Rango i laput Impodancc Mw j page i 
0.005 to3OOv I moqohm 

9 ranges , 24wpfd shunt 1 sles*OO I 35 
6eneral purpose ac 

measurements 1 -hp- 400A 

- 
I -hp- 453A Capacitive Voltage Divider For -hp- 410B VTVM only Division 1W:l 20.00 39 
I I 

-hp- 454A Capacitive Voltage Divlder For -hp- 400C VTVM only. Division IWI 20.00 i 39 I 
~- 

For -hp- 410B VTVM. Measures voltages behveen conductor i 
’ -hp- 455A Probe Coaxial “l” Connector and sheath of 50 ohm transmission line. 35.00 I 39 

I 

17.50 39 

20.00 39 

3T 

For -hp- 410B VTVM. Measures volts at  open end of 
50 ohm transmission line. 

For -lip- 410B VTVM. For measuring high dc voltages 
safely. Multiplies I:IM) 

For 400A. 11, or C VTVM. For measurement of current. 

-hp- 458A Probe Coaxial “N” Connector 

-hp- 459A DC Resistlve Voltage Multiplier 

-hp- 470 A-F Shunt Resistors 470A- 7.50 
47011 - F -  6.00 

.., . , . .__ . . . . . I  _- I_ . . . . . .  “ _ _ . , I _ I  .. , . ._ ” , . . . -. 

Data subject to change without notice. Prices f.0.b. factory. 

Copyright 1952 Ami&-Packard CO.-Printed in U. S. A.-2373 9-52 35M 

Registered Trademark of the Hewlett-Packard Company. 



EX BY INSTRUMENT TYPE AND FUN^ 
Signal Generators - 10 to 10,000 me 

. .- . 

I O  to 400 mc 

I 

Output 3.0 fiv to 0.223 v into 50 ohm load. 
Pulse, FM or Square wave modulation. 

Separate power meter and wave meter section. - .  _ _  - _  _ _ - l - l l l - l _ l -  I _ _  - - - _  . I 

ion, Wave Form Analyzers - 20 cps to 20 k t  
.-I _-^-^."-. - - -- ".----_I - - I I_ - I _  

Characteristics G Frequency Range I 

30 cps to 16 kc 
i 

Wave form analyzer 

400cpsand5kc Requires external detector 

Same as above 

Includes input amplifier, VTVM 

Measures total 

~ 

m CPS to 20 kc 

20 cps to  20 kc 

20 cps to  20 kc 

For FM broadcast 
measurements 

measurements 
A M  detectorandVUmeterto ~ 440.00 

meet F.C.C. requirements 
; Far AM, FM broadcast ' 

! 
-bp- 330D 

i e Square Wave Generator i 
i 3 0 1  

150.00 Output 50 v Wak-to-peak. 
i f -hp- 2I0A frequency response m CPS to IO kc 1,000 ohm impedance 

Transient and 
- I -I - I -  

Waveguide Test Equipment - 2.6 to 18.0 kmc 
"S" "0" "J" "H" "X" "P" 

Instrument 3" x 1%" 2" x 1" 1'/2'' X %" 1%" X %" 1" X '/a" .702" I .391" Page 
Tm N. Con"* 2.6-3.95 lune. 3.95-5.85 kmc. 5.85-8.2 kmc. 7.05-10.0 kmc. 8.2-12.4 kmc. 12.4-18.1 kmc. 

75 

Attenuators, Fixed 6, IO. 20 db  S370 $75.00 G370 $65.00 J370 $65.00 H370 $60.00 X370 $55.00 P370 $60.00 77 
Flap, 25 db  max. S375A $75.00 G375A $65.00 J375A $60.00 H375A $55.00 X375A $50.00 P375A $55.00 n 
Calibrated 

j Adaptors, Waveguide to Coax S281A $75.00 G281A $55.00 J281A $50.00 H281A $45.00 X281A $35.00 
# Cover to choke flange 

S380A $225.00 n 

Frequency Meters, Reaction J530A $120.00 H530A $120.00 X530A $120.00 81 

90.80 Detector Mounts 440A $85.00 S485A $125.00 G485B $95.00 J485B $90.00 H485B $85.00 X485B $75.00 

82.83 Dir. Couplers, Cross Guide: 20, 30 db  S750 $100.00 6750 $85.00 J750 $70.00 H750 $60.00 X750 $50.00 
m,83 Dir. Couplers, Multi Hole: I O ,  20 db  S752 $210.00 6752 $170.00 J752 $140.00 H752 $120.00 X752 $100.00 

Slotted Sections, Waveguide S810A $450.00 G810B $90.00 J810B $90.00 H810B $90.00 X810B $90.00 P810B S90.W 88, 89 
Waveguide Tees, Series S840A $60.00 G840A $50.00 J840A $40.00 H840A $35.00 X840A $30.00 P840A $35.00 91 

Shunt S841A $60.00 G841A 550.00 J841A $40.00 H841A $35.00 X841A $30.00 P841A $35.00 91 
Hybrid S845A $90.00 G845A $75.00 J845A 560.00 H845A $55.00 X845A $45.00 P845A $55.00 91 

Transformers, Slide Screw S870A $150.00 G870A $140.00 J870A $135.00 H870A $130.00 X870A $125.00 P870A $130.00 92 
E-H S880A $175.00 G880A $155.00 J880A $145.00 H880A $135.00 X880A $130.00 P880A $135.00 92 

Terminations, l o w  Power S910A $45.00 G910A $40.00 J9l0A $35.00 H910A $30.00 X9l0A $25.00 P910A $30.00 93 

Moving Load S914A $80.00 G914A $70.00 J914A $60.00 H914A $50.00 X914A $40.00 P914A $50.00 W 
Adjustable Shorts S920A $80.00 G920A $70.00 J920A $65.00 H920A 160.00 X920A $50.00 P920A $55.00 W 

Terminations, High Power S912A $125.00 X912A $75.00 93 

Broad Band Probe 442B $50.00 Al l  Frequencies 90 
Broad Band Probe, Untuned 444A $50.00 Al l  Frequencies 90 
Waveguide Clamps, Stands 95 

tFor  use wlth bolometer o r  crystal  .For use wlth bolometer only 'Complete assembly lncludlng carriage Mounts In 809B carriage - See next page 
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Suggestions for Ordering 
Order by Model Number. . . Always order by 
catalog model number and name of instrument de- 
sired. For example, “Model 206A Audio Signal 
Generator.” Whenever possible mention frequency 
range or other significant specifications to prevent 
misunderstanding. Also mention features such as 
special color, frequency range, non-standard power 
line voltage, etc., and whether cabinet or rack mount- 
ing style is desired. 

Most Hewlett-Packard instruments are available 
in either cabinet or rack mounting. T h e  letter “R” 
after the model number indicates rack mounting. For 
example, “206AR.” An additional charge of $5.00 
is made for most rack mounting style instruments. 

Orders should be sent direct to the factory and 
addressed to Hewlett-Packard Company, 395 Page 
Mill Road, Palo Alto, California. All orders are 
subject to final acceptance by the Hewlett-Packard 
Company. 

Shipments . . . Unless specifically requested other- 
wise, shipments are made by express. This policy is 
born of experience. Delicate instruments require the 
careful handling received in express shipment, and 
over a long period of time ,this method has proved 
most satisfactory. On request, shipments will be made 
by air freight or by truck. W e  do not recommend 
shipment by parcel post or by freight, and shipments 
will not be made by this type of carrier without 
specific instructions from the customer and the un- 
derstanding that safe arrival is his entire risk. 

Terms . . . 30 days net. Unless credit has already 
been established, shipments will be made c.0.d. All 
prices are quoted f.0.b. Palo Alto. 

Sales Representdives . . . Sales representatives 
are maintained in principal cities as a service to our 
customers. Customers are invited to contact the near- 
est representatives at  any time. They will gladly 
supply technical information, help prepare your 
order and, if desired, forward order to the factory. 
Orders should be made out to the Hewlett-Packard 
Company and are subject to final acceptance by the 
Company in Palo Alto. Sales representatives and 
their addresses are shown on the back cover. 

Repairs . . . When returning instruments for re- 
pairs, recalibration, or any other reason, please con- 
tact the Hewlett-Packard Company for shipping in- 
structions. Give model number, type number, and 
serial number and as much information as possible 
concerning reason for return. 

Repairs are made by the Hewlett-Packard Com- 
pany at  cost of labor and materials plus a small serv- 
ice charge. Customers are invited to make full use 
of this service to insure maximum benefit from their 
instruments. 

Repair Paris . . . When ordering repair parts 
please describe carefully parts required. Give model 
number, type number, serial number of the instru- 
ment and date of original purchase. Identify parts of 
the wiring diagram if possible, giving date shown 
on the circuit wiring diagram. 



Bigger, better engineering and 
manufacturing facilities 

+- 

In the past five years, the increasing demand for 
-hp- instruments has made necessary two plant ex- 
pansions at  -hp-.  In  1948 and again in 1951, new 
concrete structures of advanced design were added 
to the existing plant. 

Both production and engineering have benefited 
from these additions. T h e  engineering staff has 
been tripled during recent years, and productive 
capacity has been increased 600%. Hewlett-Pack- 
ard now employs over 600 men and women. 

T h e  Hewlett-Packard Company is located in Palo 
Alto, California, 30 miles south of San Francisco. 
T h e  plant may be reached by Southern Pacific 
commuter trains, ,Greyhound bus or automobile. 
By train: Take commuter train from Southern 
Pacific station, San Francisco, to South Palo Alto 
station. Plant is a five-minute walk from station. 
By bus: Take San Jose-bound Greyhound from 
Seventh and Mission Streets Termina l ,  San 

Francisco, or from San Francisco Municipal Air- 
port, to Page Mill Road, Palo Alto. 
By auto: Drive south from San Francisco on 
U. S. # 101 Alternate, ( Bayshore Highway) ; 
turn right on Oregon Avenue (1 .3  miles south of 
Palo Alto intersection) ; drive to S. P. railway 
tracks; drive left one-half block to Page Mill 
Road ; then turn right across tracks and proceed 
three blocks to -hp- plant. 

1 





often say that when you can measure what you 
are speaking about, and express it in numbers, you know 
something about i t ;  but when you cannot measure it, 
when you cannot express it in numbers, your knowledge 
is of a meager and unsatisfactory kind; it may be the 
beginning of knowledge, but you have scarcely, in your 
thoughts, advanced to the stage of science, whatever the 
matter may be." 

LORD KELVIN. 1883 
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SPEED AND ACCURACY ARE INTEGRAL PARTS OF EVERY -hp- INSTRUMENT 

EW ease and sureness in all types of laboratory and production 
testing are made possible by the use of - h p -  instruments. Although each is tai- 
lored for very specific jobs, - h p -  laboratory instruments have certain outstand- 
ing “family” characteristics. No zero setting, little or  no adjustment during op- 
eration, virtual independence of line and tube characteristics, full protection 
against overloads, simple, accurate calibration, and streamlined circuits for 
clean and trouble-free performance are qualities you will find throughout the 
- h p -  line. 

- h p -  instruments are essential and versatile tools in the fields of television, fre- 
quency modulation, radar, industrial heating, communications, carrier cur- 
rent, equipment manufacture, experimental work, broadcasting, industrial 
testing. Here  is a partial list of the measurements that can be made with 
standard - h p -  instruments : distoition, frequency, gain, voltage, power, imped- 
ance, network response, harmonic analysis, amplifier frequency response. 
They are also useful in measuring receiver and transmission line character- 
istics, radar performance and many other parameters. Let - h p -  instruments, 
products of sound engineering and precision manufacture, solve your test- 
ing and measuring problems. 



OSCILLATORS are among the 
most basic and useful of all 
electrical and electronic 

measuring instruments. They provide 
a convenient source of power or test 
voltages for almost all measurements, 
including frequency, gain, impedance, 
distortion, etc. 

’I‘het-c are thrcc primary types of 
oscillators. These may be defined as 
( 1 ) Beat-Frequency, ( 2 )  Coil Con- 
denser or LC and ( 3 )  Resistance Ca- 
pacity or RC oscillators. 

Throughout the years, the K C  os- 
cillator has become recognized as the 
most versatile, practical, dependable 
and easiest to me  of all oscillator 
types. Hewlett-Packard pioneered and 
developed the RC oscillator, and is 
today the leader and largest manufac- 
turer of this superior type of instru- 
ment. -hp- RC oscillators are highly 
stable, have wide frequency range and 
provide operating flexibility which 
makes them useful for many different 
kinds of measurements. They are ex- 
tremely simple to operate and require 
no tedious re-setting or  adjustment 
during operation. T h e y  are  l ight-  
weight, easily portable, and conipact 
in size to occupy a minimum of bench 
space. Dependability of operation is 
assured by clean, simple circuitry and 
painstaking construction from quality 
components. 

r 7  1 hese many advantages may be 
compared with the low stability, coli- 
stant need for adjustment, narrow 
frequency range, inflexibility. large 
size and considerable weight of other 
oscillator types. 

T h e  -hp- series of oscillators in- 
cludes 13 separate instruments which 
are essentially resistance-capacity os- 
cillators. Collectively. they operate 
from 0.01 cps to 10 mc, covering the 
audio, sub-sonic, ultra-sonic arid low 
rf regions. A number of these instru- 
ments are general-purpose types de- 

& - C I = C 2 = G  I- - 
R I = R z = R  

0 S C ILLAT 0 R S 

signed to operate ovcr wide frequency 
ranges and to provide gmerous output 
voltages. Others arc designed for par- 
ticular applications. 

r .  1 he circuit of the - h p -  RC oscillator 
is shown in Figure 1. I t  is fundamen- 
tally a tnwstage amplifier having both 
negative and positive feedback loops. 
T h e  positive loop. Ivhich includes the 
frequency - srlective network. causes 
the circuit to oscillate. ’I‘hc resonant 
f requency is given by the expression 

I ,  f -- I‘his expression shoLvs 

that the frequency or tuning span can 
be made as wid? as the capacity varia- 
tion in a tuning capacitor. l’hus 10: 1 

“-2 T; RC. 

signed to generate frequencies below 1 
cps and over 1 mc. T h e  low frequency 
limit is set by the ballast element. 
1 he thermal time-constant of the lamp 
(ballast elcnimt) is such that at lower 
frequencies, lamp resistance tends to 
change in accordance with the varia- 
tions in amplitude of the individunl 
cycles of operation. This results in se- 
vere distortion of the output wave- 
form. Therefore it is necessary to ( 1 )  
use a ballast element having relatively 
greater thermal inertia, or ( 2 )  oper- 
ate the lamp at a point where radia- 
tion from the lamp is low. 

I .  

High Frequency Oscillators 

T h e  high frequency limit of the 
RC oscillator is determined by the 

--* 
OUTPUT 

frequency variations in a single sweep 
are easily obtained, and a number of 
bands can be used by changing the 
pairs of resistances. l’he negative loop 
employs a non-linear ballast resistance 
K, (usually a lamp), which automat- 
ically adjusts its resistance to compen- 
sate for variations in output amplitude. 
This results in very flat frequency re- 
sponse and low distortion over the en- 
tire range. I t ,  also, reduces distortion 
and limits amplitude of oscillations, 
in:;uring a constant and stable output 
over the entire range (Figurr, 2 ) .  

Low Frequency Oscillators 
- h p -  RC oscillators have been de- 

plate loading on the second tube of 
the oscillator. T h e  impedances of the 
positive and negative feedback loops 
are in parallel and the combination i5 

in parallel with the plate feed resistor 
for the tube. A t  high frequencies, the 
combination impedance becomes low 
and reactike, thereby reducing the 
gain of the circuit and introducing 
phase shift. As a result, the distortion 
increases and the errors in calibration 
become severe. T o  cut down the plate 
loading effect, the combination imped- 
ance is made as high as possible. This 
is achiebed partially by reducing the 
capacity of the tuning condensor, and 

5 



partially by raising the gain of the 
second stage (through use of tubes 
with higher transconductance values). 
At  higher frequencies the reduction 
of gain and negative feedback makes 
the oscillator more susceptible to drifts 
or variations caused by tube aging and 
supply voltage changes. As a result it 
is common practice to operate the cir- 
cuit from a regulated power supply. 

All -hp- oscillators use an output 
amplifier whose main function is to 
isolate the oscillating circuit from the 
“work” circuit. Thus, change in the 
work circuit does not reflect back to 
the oscillator and alter its amplitude, 
frequency or distortion characteristics. 

$ 

I- 

I- 

Z 

I- 

monic distortion generated by one 
tube of the oscillator is partially can- 
celled by the other tube’s transfer 
characteristics.) For applications re- 
quiring very low distortion, a selective 
amplifier following the oscillator can 
be used. 

Hum 

Hum is defined as alternating cur- 
rents appearing in the output of an 
oscillator as a result of power-fre- 
quency voltages, currents and fields. 
Causes of hum are stray electrostatic 
and magnetic fields, alternating cur- 
rent in tube filaments or heaters, and 
discrepancies in filtering of power 
supplies. 

DISTORTION AND AMPLITUDE CHARACTERISTICS 
OF RESISTANCE-CAPACITY OSCILLATOR 

-1 

-2 

1 

0 2  

0.1 

- 

10 

FREQUENCY IN C.P.S. 

However, this built-in output ampli- 
fier introduces some limitation of fre- 
quency range. 

For audio work where high power 
is desirable, a transformer output is 
employed. For wide-range oscillators, 
extending into supersonic frequencies, 
resistance-coupled output systems are 
generally employed delivering some- 
what less output power. 

Distortion 
Inherently, the RC oscillator is a 

generator of low distortion voltages. 
Distortion depends upon the linearity 
of the transfer characteristics of the 
tubes. By a suitable selection of tubes, 
distortion in -hp- oscillators is approxi- 
mately %. T h e  very low distortion 
obtained is primarily third harmonic. 
(Second harmonic distortion is mini- 
mized by adjusting the dc voltages on 
the tube electrodes so that second har- 

6 

As the output volt- 
age of the audio oscil- 
lator is reduced, the 
hum voltage tends to 
remain constant. A t  
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 R C  os- 
cillator at  or slightly 
below rated output ,  
and inserting a suit- 
able a t tenuator  be- 

tween the oscillator and the equip- 
ment driven. T h e  “voltage divider” 
circuit shown in Figure 4 is satisfac- 
tory for most applications. Other val- 

Figure 3. Characteristics of Frequency 
Determining Network. 

ues of resistance may be used to ob- 
tain different voltage divisions but in 
all cases the sum of the divider resist- 
ance must equal the rated load. 

Accuracy 

“Overall accuracy” as applied to a 
variable-frequency oscillator is a gen- 
eral term including factors such as 
inherent circuit stability, mechanical 

AUDIO OSCILLATOR 

Figure 4. Voltage Divider Circuit. 

stability, resettability of the tuning 
system, readability of the tuning dial, 
dial calibration, component aging, 
power supply variations and tempera- 
ture changes. Some of these factors 
affect short time stability; others af- 
fect long time stability. T h e  accuracy 
specification of within 2% usually 
given for R C  oscillators includes all 
of these factors. (Typical long time 
and short time stability are shown in 
Figures 5 and 6.) 

Description of -hp- Oscillators 
-hp- 200 series Oscillators (see page 

8)  are designed for general-purpose 
applications, such as checking per- 
formance of audio amplifiers, broad- 
cast transmitters and similar equip- 
ment, checking vibration and stability 
of mechanical systems, and as voltage 
sources for bridge measurements, etc. 
T h e  output is sufficient to modulate 
signal generators a n d  drive other 
equipment requiring considerable pow- 
er. T h e  usefulness of these oscillators 
is greatly increased by their compact 
size, light weight and easy portability. 
-hp- 200H is a single-enhed oscillator 
designed for carrier communications 
network and equipment tests. -hp- 
2001 is especially suitable for inter- 
polation work and for applications 
where the frequency of oscillation 
must be known very accurately. 

-hp- 650A (page 16) provides the 
widest range of any of the general- 
purpose oscillator group. It operates 
up to 10 mc and down to 10 cps. I t  is 
designed with an output voltage me- 
tering system followed by an adjust- 
able attenuator. In  these respects, the 
instrument resembles a signal genera- 
tor. As a basic laboratory tool, the 
650A is popular because of its high 
degree of flexibility. It can be used to 
test rf, video, ultra-sonic and audio 
equipment. 

-hp- 202A Low Frequency Func- 
tion Generator (page 10) incorpo- 
rates a circuit concept developed by 

! 
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0 15 20 25 30 35 40 45 60 
D A Y S  

Figure 5. Longt ime Stability Curve of circuit using wire-wound resistors and 
temperature compensation. 

H O U R S  

Figure 6. Short-time Stability Curve of RC Oscillator. 

- h p -  and new to the low frequency -hp- 204A (page 18) is a battery- 
oscillator field. l ' he  instrument's nom- 
inal low frequency limit is 0.01 cps 
and it can generate sinusoidal, square 
and  t r i a ng u 1 a r ou tput  waveforms. 
T h e  circuit design of this instrument 
is such tha t  t ransient  con di t  i o n s 
caused by range switching or  frequen- 
cy changing are virtually non-existent. 
1 his is of considerable convenience 
in low frequency work where much 
time is required for ordinary circuits 
to stabilize. 

r 7  

-hp- 202D (page 9 )  and 202B 
(page 13) are RC type low frequency 
oscillators. Applications of these in- 
s t r u me n t s in c 111 de  ge o p h y s i c a 1 an d 
medical work, and the study of servo 
and other low-frequency electrical and 
mechanical systems. 

In audio work there are a number 
of applications that require test volt- 
ages with unusually low distortion. 
Although -hp- RC oscillators are im 
lierently low-distortion generators 
(with usually less than 1% distor- 
t ion)  - h p -  201B Audio Osci l la tor  
(paye 12) has less than 0.576 distor- 
tion at power levels up  to 1 matt. 

operated oscillator, used in a variety 
of applications requiring a self-cori- 
tained instrument. This unit is useful 
not only in field applications, but also 

Figure 7. Typical .et-up using -hp-  912- 
17 Line Matching Transformer to match 
single-ended oscillator to balanced system. 

when tests must be made in different 
parts of a factory, or where power 
outlets are not available. A battery- 
operated oscillator is also valuable in 
the laboratory when a completely hum 
free signal is required. 

-hp- 230,233,234 Oscillators (page 
14) are widely used in testing carrier- 
communications equipment. T h e  out- 
put system of these instruments is 
balanced, thus permitting operation 
directly into balanced lines. Model 
233A is a versatile unit and includes 
man\- features that make it suitRble 

modulated by a standard telephone 
set, thus permitting voice communica- 
tion between the test point and ter- 
minal. I t  also provides a single-ended 
output and includes a large tuning 
dial that gives a high resolution and 
a convenient arrangement for stand- 
ardizing calibration. 

-hp- 230A and 234A are low-power 
oscillators also designed for carrier 
and similar test work. 

I I 

FREQUENCY 

Figure 8. Typical distortion characteris- 
tics of 912-17 Line Matching Tran5- 
former operated a t  -t 1 5  dbm. 

-hp- 91 2-1 7 Line Matching Trans- 
former. Many -hp- oscillators are 
pro\ ided with a single ended output 
system in which one of the output 

CONNECTIONS F O R  HP MODEL 200AB A U D I O  O S C I L L A T O R  

Figure 9. Set-up for using -hp- oscillators 
as audio signal generators. 

terminals is grounded. T o  permit these 
oscillators to be used with balanced 
systems, a special balanced universal 
matching transformer is available as 
separate -hp- accessory. This trans- 
former, -hp- 912-17, is a high-quality 
device with low distortion, a wide fre- 
quency range, and good balance. Its 
frequency response is 3 db from 20 
cps to 20 kc with less than 1 % distor- 
tion at 20 cps. Maximum rated power 
level is 15 dbm. T h e  transformer is ar- 
ranged to match 600 ohms to imped- 
ances of 600, 250, 150, 62.5 or 37.5 

Modrl 201B has an accurate and COII- 

lenient method of frequency control 
and is particularlr suited to high-fidel- 
ity audio work. 

for testing and adjusting the most ad- 
lanced tjpes of carrier equipment. It 
uies an internal modulator which al- 
lows the generated frequency to be 

Ohms, and 500 Ohms to 
500, 208, 125, 52 or 32 ohms. Corn- 
plete aliplication data is supplied with 
each unit. Price, $25.00. 

7 



ADVANTAGES: 

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

USE THEM FOR: 

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

AUDIO 
OSCILLATORS 

MODEL 200 

NEW! COMPLETELY REDESIGNED 
HIGHEST QUALITY THROUGHOUT! 

EWLETT-PACKARD RC oscillators have long been 
basic tools for making electrical and electronic 
measurements of precise accuracy. Now these 
world-famous test instruments are redesigned 

to give you the most compact, dependable, accurate and 
easy-to-use commercial oscillators available. 

New -hp- 200 series oscillators have highest stability 
and precisely accurate, easily resettable tuning circuits. 
Low impedance operating levels together with superior 
insulation guarantee peak performance throughout years 
of trouble-free service. New models have wider frequency 
range and longer dial lengths than previous -hp- oscillators 
and feature an improved, vernier frequency control. Opera- 
tion is simplified-just three controls are required. Size, 
too, is different-instruments are more compact, lighter in 
weight and enclosed in a convenient, smaller aluminum 
case with carrying handle. They occupy minimum bench 

on order.) 
T h e  total coverage of just two of the new -hp- oscillators 

is materially greater than that offered by four previous -hp- 
instruments. For example, new Model 200AB, for general 
audio tests, offers a wider frequency range of 20 cps to 40 
kc and a full watt  output. New -hp- 200CD, for wide- 
range measurements at  lower power, provides constant 
voltage output from 5 cps to 600 kc. 

In addition to these new instruments, -hp- continues to 
offer Model 200H for carrier current work up to 600 kc, 
and Model 202D for low frequency and vibration studies 
down to 2 cps. These instruments retain their time-tested 
design. 

space and are easily portable. (Rack mounting available %,i 

1 
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-hp- 2001 INTERPOLATION OSCILLATOR 

Model 2001 is a band-spread oscillator with an ex- 
tremely accurate tuning system. It is designed for inter- 
polation work, frequency measurement and other applica- 
tions where the oscillation frequencies must be compared 
with precise accuracy. Its frequency range is 6 cps to 6 kc. 
Response is *1 db throughout range, and distortion is 
less than 1% above 10 cps. T h e  instrument delivers 100 
mw or 10 volts into a 1,000-ohm load and frequency may 
be standardized with an accuracy of 1 %. 

SPEC I Fl CAT1 ON S 

-hp- FREOUENCY 
MODEL RANGE 

BANDS FREOUENCY 
RESPONSE 

PRINCIPAL 
APPLICATIONS 

Audio 
Terk  

Audio, ultra- 
sonic, tesls 

Corrier 
Currenf & 
Telephone 

Tesfs 

WEIGHT, LBS. CABINET 
NET SHIP SIZE [IN.! 

15 20 1O~/*x7x1O1/~  

15 20 103 /ax7x10% 

23 3 7  1 7 x 8 % x 1 0 %  

POWER LOAD POWER 
OUTPUT IMPEDANCE DISToRT1oN CONSUMPTION 

200AB 20 cps IO 
40 kr 

5 cps 
to 

600 kc 

60 cps 
to 

600 kc 

2 cps 
to 

7 0  kc 

6 cps 
to 

6 kc 

4 + 1 d b  
ronger Ref. 1 kc 

1 wott or 600 
24.5 v ohms 1 "/. 

60 
watls 

160 mw - 600 ohms 
or 

2 0  volts open circuit' 
200CD 5 4 1 d b  

ranges Rcf. 1 kc 1 % 
7 5  

walls 

1 %, 100- 
100,000 cps 115 

3 7- , 60- WOtIS 

600,000 cps 

200H 
4 -i 1 d b  

decodes Ref. I kc 

l O m w  
or 
I "  

100 
ohms 

100 mw 
or 

I O V  

202D 5 + ~~ I d b  
ronger Ref. 1 kc 

1,000 
ohms 

80 
wotts 27 4 2  1 7 x 8 % x I O %  

Low frequency 
measurement 1 % 

Interpolation 
and 

frequency 
meosuremfrit 

200L 
6 1 d b  
Ref. 

400 cps 

6 
ranges 

l 0 0 m w  

10 v 
Or 

1,000 1 "/. I I 5  
ohms 10-6.000 cps wott'. 

26 39 I 7 x 8 ' / i x l O %  

A d d i t i o n a l  Specifications, all Mode ls  

Frequency Stabi l i ty: Under normol condilions, dri f t  i s  less than 4 2 %  including warmup. t ine voltoge variations as high os 1 IO v change frequency less than 
No zero setting required on any model listed obove. On -hp- 2001 acwrocy i s  better lhon 1 % when ranges ore stondordized occorionolly. 

Hum Voltage: Less than 0.1 7- of rated output. 

Power  Supply: 200AB. 200CD. 202D - 1 15 Y 2 IO v, 50 
('Internal impedance 600 ohms.) 

0.2%. 

60 cpr. 200H. 2001-1 15 /230  v I 1 O%, 50 '60 cps, 

D a t a  subject t o  change without  notice. 

Main tuning dial of -hp- Model 200I a band spread oscillator 
designed for comparison work. T h e  dial is calibrated over ap- 
proximately 300" with effective scale length of about 90 inches 
and range of 6 cps to 6 kc. Each instrument is carefully hand- 
calibrated for maximum accuracy. 

Main tuning dial of -hp- Model 200AB is calibrated over 
approximately 300" and  has a n  effective scale length of about 
60 inches. Th i s  precisely calibrated dial with its easy-to-use 
control contrihutes much to the accuracy and convenience of the 
wide-range Model 200AB oscillator. 
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ADVANTAGES: 

No transient response 
Range 0.01 to 1,000 cps 
Continuously variable 
High stability 
Flat frequency response 
Distortion less than 1% 
Sine, square, triangular waves 
Versatile, multi-purpose 

USE IT FOR: 

Vibration studies 
Stress and strain studies 
Servo applications 
Medical research 
Geophysical problems 
Subsonic, audio testing 

LOW FREQUENCY 
FUNCTION 

GENERATOR 

M 202A 

TRANSIENT- FREE VOLTAGES 
DOWN TO 0.01 CPS 

HE new -hp- Model 202A Low Frequency Func- 
tion Generator is a compact, convenient, multi- 
purpose source of transient-free test voltages at 

very low frequencies. 
T h e  equipment is continuously variable through 5 bands 

covering all frequencies from 0.01 cps to 1,000 cps. It 
offers exceptional stability and distortion of less than 1 %. 
Any of three desired wave forms-sine, square or trian- 
gular-may be instantly selected on a front panel switch. 
Output is high-30 volts peak-to-peak-for all three wave 
forms. 
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NEW CIRCUIT CONCEPT 

-hp- 202A differs from conventional low-frequency oscil- 

lators in that the sine wave is electronically synthesized. 

A controlled bi-stable circuit generates a rectangular wave. 

This wave is passed through a special integrator providing 

a true triangular wave. (See Figure 2A.) 

T h e  triangular wave then enters a shaping circuit de- 

signed by -hp- exclusively for this equipment. In  this cir- 

cuit, 6 duodiode tubes modify or “shape” the peaks of the 

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

sine wave has a distortion of less than 1 ”/., and the synthe- 

sizing circuit provides virtually transient free output even 

when frequency and operating conditions are rapidly var- 

ied. I t  is not necessary to wait long periods of time for the 

circuits to stabilize as is the case with conventional low 

frequency oscillators. T h e  circuit inherently maintains 

constant amplitude over the entire frequency range. 

SPECIAL FEATURES 

T h e  output system of -hp- 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. T h e  equipment will deliver 10 volts RMS into 

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

impedance is only 40 ohms. There are no coupling capaci- 

tors in the output system, and a high degree of dc bal- 

ance is achieved by the special circuitry. 

T h e  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  

laboratory work. It is available for relay rack mounting 

or with end frames for table use. 

Figure 1. Oscillogram shows freedom from 
transients as  output frequency is rapidly 
changed. 

SPEC1 Fl CAT1 ONS 

Frequency Range: 0.01 to 1,000 cps in five decade 
ranges. 

Dial Accuracy: Within 2%. 

Frequency Stability: Within 1 ”/o including warm-up 
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 wave- 
forms. 

Input Impedance: 40 ohms over the entire range. 

Distortion: Less than 1c/o, .01 to 100 cps; 276, 100 to 
1,000 cps. 

Output System: Can be operated either balanced or 
single-ended. Output system is direct-coupled ; dc level 
of output voltage remains stable over long periods of 
time. DC adjustment available on front panel. 

Frequency Response: Constant within 0.2 db. 

Hum Level: Less than .01 “/o of maximum output. 

Sync Pulse: 5 volts peak, less than 5 psec duration. Sync 
pulse occurs a t  crest of sine and triangular wave output. 

Power: 115/230 v *lo%, 50/60 cycles, 175 watts. 

Mounting: Relay rack or with end frames for table use. 
(End frames $5.00 per pair f.0.b. factory-specify 
Frames No. 17.) Panel size 10%” high, 19” wide; 
depth 13”. Smooth gray finish. Net Weight : 38 pounds. 
Shipping Weight : 75 pounds. 

Data subject t o  change without  notice. 

Figure 2. Oscillogram cf ( A )  triangular 
wave applied to special -he -  developed shap- 
ing circuit and (B)  resulting true sine wave. 
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SPECIFICATIONS 

Frequency Range: 20 cps to 20,000 cps in 3 decade 
ranges. Calibrated direct in cps, lowest band. 6” illumi- 
nated vernier-drive dial with 6:l ratio. 

Stability: Better than +2% at normal temperatures 
including warmup. +10 v line changes cause no vari- 
ation. Each band may be standardized against an accu- 
rate standard to maintain f. 1 % stability. 

output: 3 watts max. or 42.5 v into 600 ohm load. One 
terminal at  ground potential. 50 v max. no-load voltage. 

Frequency Response: 1.1 db over entire range. 

Distortion: 3 watts output-1 % distortion-20 cps to 
20 kc. 1 watt output-OS% distortion-50 cps to 20 
kc. 1 watt output--l%distortion-20 cps to 50 cps. 

Volume Control: “Amplitude” adjusts oscillator voltage 
into output amplifier. “Attenuator” attenuates ampli- 
fier output. Approx. linear between 0 and 40, db. 

Hum Voltage: Less than 0.1% of rated or attenuated 
output. (Amplitude control at  maximum.) 

Power Supply: 115/230 v + lo%,  50/60 cps, 105 
watts. 

Mounting: Metal cabinet, wrinkle gray finish. Panel : 
17” wide, ,sf’ high; depth 11”. Weight: 32 pounds. 
Shipping weight : 46 pounds. 

Data subject to change without  notice. 

AUDIO 
0 S C I LLAT 0 R 

MODEL 201B 

LOW DISTORTION, 3 WATTS OUTPUT, 
20 CPS TO 20 KC 

OR amplifier testing, transmission line measurements, 
loud speaker testing, frequency comparison and 
other high-fidelity audio tests, this -hp- oscillator 

meets all requirements of speed, accuracy, case of opera- 
tion and purity of wave form. T h e  built-in stabilized am- 
plifier delivers up to 3 watts of power into a 600-ohm 
resistance load with distortion held to 1%. When output 
is limited to 1 watt, harmonic distortion may be kept to 
less than s of 1 %. 

T h e  output level of the amplifier is controlled by a po- 
tentiometer which adjusts the signal level to its input. An 
attenuator is provided at  the output which adjusts this 
voltage linearly over a 0-to-40 db range. Use of the atten- 
uator provides virtually a 600-ohm impedance looking 
back into the instrument and keeps the hum level low 
relative to small signal levels. Wi th  the output attenuator 
in the zero position the amplifier internal impedance is 
approximately 75 ohms insuring good voltage regulation 
for varying load conditions. 
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LOW 
FREQUENCY 
0SCILLATOR 

MODEL 202B 

LOW FREQUENCY 
V 2  C P S  TO 

MEASUREMENTS- 
50,000 C P S  

MODEL 202B is a practical, easy-to-use, multi-pur- 
pose oscillator for use throughout the low fre- 
quency spectrum. I t  brings to the low frequency 

field the precise accuracy and high stability associated with 
audio frequency measurement. It provides excellent wave 
form throughout its frequency range of to 50,000 cps, 
and has broad applicability for industrial, field or labora- 
tory use. 

USES 
T h e  - h p -  202B gives maximum measuring speed and ac- 

curacy for these important tests: Vibration or stability 
characteristics of mechanical systems, electrical simulation 
of mechanical phenomena, electro-cardiograph arid electro- 
encephalograph performance, seismograph response, vibra- 
tion checks of structural components, performance of geo- 
physical prospecting equipment, and general audio meas- 
urements. 

SPECIFICATIONS 

Frequency Range: cps to SO kc i n  5 ranges 

x l  . . . . . . .  . %-$cps 

X l O O  . . . . . . . . . . . . .  50--5oocps 
xlK . . . . . . . . . . . . .  $00--5,000 CPS 

X l O K  . . . . . . . . . . . . .  5,000--50,000 CPS 

Frequency Dial: 6" diameter. Reads directly in cps for 
the lowest range. Dial is back of panel, illuminated, and 
is controlled by direct drive as well as a 6 to 1 vernier. 

Range Frequency 

5-50 cps x10 . . . . . . . . .  

Calibration Accuracy: &2%. 

Frequency Stability: t2% under normal temperature 
conditions (including warmup drift). Less than t 1 "/o 
for power voltage changes of t 10 %. 

Output: 10 volts into a 1,000 ohm resistive load over the 
Internal impedance approxi- entire frequency range. 

mately 25 ohms a t  10 cps. 

Frequency Response: +-1 db 10 to 50,000 cps. 
t 2  db 1 to 50,000 cps. 

Distortion: Less than 1% total distortion, 2 to 50,000 

Hum Voltage: Less than 0.1 % of rated output voltage. 

Recovery Time: Less than 5 seconds on lowest fre- 

cps. 

quencies. 

Power: 115/230 v ?lo%!, 50/60 cps, 95 watts. 

Mounting: Smooth gray panel, oak cahinet. 17" long, 
12%'' deep, 10%" high. Net Weight: 37 pounds. Ship- 
ping JVeight : 80 pounds. 

Data subject t o  change withaut notice. 
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Frequency 

SPECIFICATIONS 

Range: 35 cps to 35 kc 
decade bands. 

covered in three 

CARRIER 
T E S T  

Frequency Stability: &2% under room temperatures OSCILLATOR 
including warmup. +lo% volts line voltage variation , - 

results in negligible change in output frequency. 

Frequency Response: -+1 db from 100 CPS to 35 kc. 

Output: +14 dbm (approx. 4.0 volts) to 600-ohm bal- 

Output Balance: Unbalance voltage better than 60 db 
below load voltage, into balanced 60O-ohm load (at  
maximum output. 

anced load. Internal impedance 600 ohms. 

Distortion: Less than 1 %, 100 cps to 35 kc. 

Hum Voltage: Less than 0.1% of full output. 

Mounting: Cabinet. 17” x 8%” panel, 11” deep. Wrin- 
kle gray finish. Rack Mounting 19” panel available. 
Net Weight : 24 pounds. Shipping Weight : 42 pounds. 

Power: 115 volts -+lo v, 50/60 cycles, 70 watts. 

Data  subject to change without notice. 

-hp- 234A CARRIER TEST OSCILLATOR 

This new -hp- oscillator is similar in every detail to -hp- 
230A, except frequency range is 160 cps to 160 kc and 
panel adjustment to standardize frequency on 16 kc to 160 
kc band is included. T h e  output balance is better than 40 db. 
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FOR C H E C K I N G  CARRIER SYSTEMS 
AT FREQUENCIES 35 CPS TO 35 KC , 

EW -hp- 230A Carrier Test  Oscillator can be 
used to check all types of carrier systems operating 

: at frequencies up to 35 kc. I t  may be also used 
as a general-purpose audio oscillator. 

T h e  instrument is designed for operation into a balanced 
600-ohm load. T h e  internal impedance matches the load 
impedance over the entire frequency range. This feature 
prevents reflections a t  the oscillator in transmission line 
measurements. 

Frequency control of -hp- 230A is accurate and con- 
venient. A large 6” dial is driven by a direct or 6:l ver- 
nier control, and is calibrated over 300” of arc with 110 
points and a 47” effective scale length. Frequency at  30 
kc can be adjusted to an accuracy of better than 300 cps. 



CARRIER 
T E S T  

OSCILLAT0R 

FAST, ACCURATE CHECKING OF 
CARRIER SYSTEMS UP TO 500 KC 

.- 7 - ,HIS new -hp- oscillator was designed specifically 
for checking carrier current systems operating at 
frequencies up to 500 kc. 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 is available for audio tests (one 
terminal to ground). T h e  instrument contains a voltmeter 
which monitors output power. Provisions are made for 
modulating the carrier so that communications are avail- 
able on the carrier to facilitate tests. 

For maximum readability and accuracy in setting fre- 
quency, the instrument has a large, 9” diameter dial cali- 
brated to give an effective scale length of 85” with 520 
calibration points. Panel controls adjust the frequency of 
each band to maintain maximum oscillator accuracy. 

SPECIFICATIONS 

Frequency Range: 50 cps to 500 kc. 4 decade bands. 

Frequency Dial: 3 : l  vernier control knob. 9“  in diameter, 270” 
arc. Effective scale 85”. Effective calibration points approxi- 
mately 520. 

Frequency Stability: i 2% under normal room temperatures 
including initial warmup. -1- 10% line voltage variations re- 
sult in negligible change in output frequency. 

Frequency Adjustment: May be standardized periodically for 
maximum calibration accuracy. (Approx. l%.) Each band 
trimmed by panel screwdriver control. 

3 watts into 600-ohm balanced load, 5 kc to 
500 kc. Internal impedance 100 ohms, 5 kc to 100 kc;  approx. 
200 ohms at  500 kc. T o  match 600 ohms load impedance, 
approx. 200 ohms resistor pad required in each side of line. 

Output: No. 2. Approx. 6 volts into a 600-ohm load, 50 cps to 
500 kc, one terminal a t  ground. Internal impedance approx. 
6 ohms. 

Output: No. 1. 

Frequency Response: Output No. 1-&]db, 5 kc to 500 kc. 

Distortion: Output No. 1-176, 10 kc to 100 kc at  1 w a t t ;  3 % ,  

Output No. 2-Less than 1% distortion operating 

Modulation: No. 1 output modulated at  voice frequencies from 

Hum Voltage: Less than 0.1% to full output. 

Output NO. Z-kldb, 50 CPS to 500 kc. 

10 kc to 100 kc a t  3 wat t s ;  4%, 5 kc to 500 kc a t  3 watts. 

into 600-ohm load, 50 cps to 100 kc. 

5 kc to 500 kc. Modulation by means of telephone test set. 

Amplitude Control: Adjusts level on both No. 1 and No. ‘2 

Voltmeter: Monitors output No. 1 in volts and db (reference 

output terminals. 

1 m w  in 600 ohms). 

Power Supply: 115 v *CO v, 50/60 cycles, approx. 160 watts. 

Mounting: Dural  cabinet. Size 10%’’ x 18” panel, 11” deep. 
Large panel handles protect panel during transportation. Net 
Weight :  3 9  pounds. Shipping Weight :  73 pounds. 

Data subject t o  change without notice. 
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TEST 
OSCILLATOR 

MODEL 650A 

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 

16 

FAST, ACCURATE TESTS 
10 CPS TO 10 MC 

HE -hp- Model 650A Oscillator is another of the 
famous -hp- resistance-tuned oscillators. I t  brings 
audio frequency speed, accuracy and ease of oper- 

ation to higher frequency fields. Its unique frequency 
range, 10 cps to 10 mc, makes it ideal for a wide variety 
of measurements in audio, supersonic, video and r-f bands. 
I t  is a wide-band, highly-stable precision instrument which 
provides output flat within. 1 db throughout its frequency 
range. Its voltage range is .00003 volts to 3 volts. Out-  
put impedance is 600 ohms. And, for measurements where 
low source impedance is desired, a 6 ohm impedance is pro- 
vided by means of an output voltage divider. 

DECADE RANGES, OUTPUT VOLTMETER 

Like other -hp- resistance tuned oscillators, Model 650A 
is fast and easy to operate. Six decade frequency ranges 
provide an effective scale length of 94 inches. T h e  tuning 
dial is controlled directly, or with a 6 to 1 vernier micro- 



drive for hair-line adjustment. Frequencies are  read 
through a no-parallax illuminated window. 

T h e  output voltage is monitored by a vacuum tube volt- 
meter which measures the voltage at  the input to the atten- 
uator system. T h e  VTVM is calibrated in volts and deci- 
bels 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 attenu- 
ator reading from the output voltmeter reading. T h e  out- 
put attenuator is adjustable in 10 db steps and maximum 
attenuation is 50 db. T h e  voltage applied to the vacuum 
tube voltmeter and thus to the output attenuator is set by 
means of an amplitude control. T h e  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).  T h e  divider consists of a cable 
and terminating connector which may be extended to the 
actual point of measurement. T w o  sets of voltages are 
obtainable from this divider. One  voltage is one one-hun- 
dreth of the normal output voltage from the 650A and is 
delivered from a source impedance of only 6 ohms. T r u e  
voltage is obtained at  these terminals when they are con- 
nected to a load resistance large compared to 6 ohms. T h e  
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 resistance large compared to 300 ohms. 

6 5 0 )  OUTPUT VOLTAGE D I V l D t R  

Figure 1 

Circuits of the -hp- Model 650A have been carefully 
proportioned and low temperature coefficient components 
have been employed to assure highest frequency stability. 
Output voltage wyl1 remain constant over long periods of 
time, despite wide variations in temperature. Distortion 
over the low frequency bands is kept a t  a minimum 
to increase the usefulness of the instrument for audio 

USES 

Employing essentially the same resistance-tuned circuit 
as -hp- audio oscillators (see pages 5 ,  6, 7 for description 
of -hp- resistance-tuned principle) this wide-band, stable 
-hp-  hlodel 650A is ideally suited for laboratory and pro- 
duction jobs where fast, accurate wide band measurements 
are required. I t  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. 

SPECIFICATIONS 
Frequency Range: 10 cps to 10 mc. Six bands. 
Frequency Calibration: 1 to 10. 

M F  Fi rqurncy Range  
x1ocps . . . . . . . . . . . . . 
xl0Ocps . . . . . . . . . . . . lOOtolOOOcps 
x l  kc . . . . . . . . . . . . . . 1000 to 10,000 cps 
x10kc . . . . . . . . . . . . .  10to100kc  
xlOOkc . . . . . . . . . . . . . 100tolOOOkc 
x l m c . .  . . . . . . . . . . . . 1 t o 1 0 m c  

10to100cps 

Stability: +-2c/o, 10 cps to 100 kc; t3%, 100 kc to 
10 mc including warm-up, line voltage variations, and 
tube changes. 

Output: 15 milliwatts or 3 volts into 600 ohm resistive 
load. Open circuit voltage is a t  least 6 volts. 600 ohm 
source impedance. Source impedance of 6 ohms is avail- 
able when voltage divider is used. 

Frequency Response: Flat within % I  db, 10 cps tc  
10 mc into 600 ohm resistive load. 

Distortion: Less than 1% from 20 cps to 100 kc. Ap- 
provimately 5 %  from 100 kc to 10 mc. 

Output Monifor: Vacuum tube voltmeter monitors level 
at input to attenuator, in volts or db at 600 ohm levcl. 
Zero db=l mw in 600 ohms. Accuracy +5‘3 of full 
scale reading. 

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

Hum Voltage: Less than 0.5% of maximum attenuated 
signal level. 

Power Supply: 115’230 volts *lo%, 50/60 cps. Con- 
sumption 165 watts. Plate supply and h-f oscillator tube 
filaments electronically regulated. 

Accessories Furnished: 65A-16D Output Cable (v01:- 
age divider). 

Mounting: Cabinet or relay rack. Panel size 19” Y 

10%”. Depth 13”. Smooth gray finish. Net Weight: 
38 pounds. Shipping Weight : 83 pounds. 

Data subject to  change wi thout  notice. measurements. 
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AUDIO 
OSCILLATOR 

(PORTABLE) 

MODEL 204A 

BATTERY-OPERATED PORTABLE FOR 
FREQUENCIES FROM 2 CPS TO 20 KC 

HIS -hp- oscillator is a compact, lightweight, pre- 
cision instrument designed for use where ac power 
supplies are not available. It is particularly useful 

in checking telephone or remote broadcast lines; in strain 
gauge applications or checking telemetering systems in air- 
craft, for geophysical field parties; or in the laboratory 
when a completely hum-free”audio signal is desired. T h e  
instrument operates from standard flashlight and 45-volt 
batteries, and is completely enclosed by a sturdy, splash- 
proof dural case. 

STABLE, EASY TO OPERATE 

Model 204A has the familiar -hp- characteristics of 
simple operation, rugged construction, and freedom from 
zero setting during use. T h e  frequency range of 2 cps to 
20 kc is covered in 4 decade rangcs instantly selected by a 
front panel smiic!i. Frequencies are set and read directly 
on the 6” tuning dial. Vernier control is provided for pre- 
cise frequency settings. Output is stable and constant over 
the entire frequency range, and the instrument is relatively 
unaffected by temperature or humidity changes. 

SPECIFICATIONS 

Frequency Range: 2 cps to 20 kc in 4 decade ranges. 
Directly calibrated, 2 cps to 20 cps, on the lowest range. 

Stability: +3 % including changes due to temperature, 
tube and battery aging. 

Output: 5 v maximum into 10,000-ohm load. Output 
level continuously variable, zero to maximum. 

Frequency Response: Flat within & 1  db, 2 cps to 
20 kc. 

Distortion: Less than 1 %, 2 cps to 20 kc. 
Battery Life: 60 hours total, when used at  rate of 4 

Batteries Required: Filament: 5 No. 2 flashlight cells. 
Plate: 3 Burgess No. 5308, 45 v 
or equal. 

Size: 10%’’ x 10%’’ x 11” deep. Net Weight, incl. bat- 
teries, approximately 25 Ibs. Shipping Weight 37 Ibs. 

Mounting: Welded dural case, gasketed splash cover. 

hours per day, continuous. 

D a t a  subject to  change wi thout  notice. 
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AUDIO SIGNAL GENERATORS 

. 
OSCILLATOR 

SECTION 

N E  of the basic instruments 
for audio research develop- 
ment, production and main- 
tenance is an audio signal 

generator. 
Hewle t t -Packard  Audio Signal 

Generators provide exact voltages 
across specific impedances at  precisely 
known frequencies. They differ from 
audio oscillators in their ability to sup- 
ply accurately known power even at  
low audio levels. Besides, hum is al- 
ways maintained a t  a very low level. 

Audio Signal Generators are 
useful in making amplifier gain meas- 
urements, determining ne twork  o r  
transmitter frequency response; as 
signal sources for distortion measure- 

AMPLIFIER LINE MATCHING 
SECT ION TRANSFORMER 

-hp- 205A Audio Signal Generator 
is a high-power, all-purpose instru- 
ment. I t  has a variable frequency be- 
tween 20 and 20,000 cps at  any volt- 

AMPLIFIER 
UNDER TEST 

205 AG 
AUDIO SIGNAL 

GENERATOR 

Figure 2. Typical test set-up. 

10 microvolts to 150 volts (5  
watts), with less than 1 distortion. 

-hp- 205AG is similar to model 

Figure 1. Elements of a signal generator. 

ments, in production testing or general 
laboratory work and in other applica- 
tions where an accurate, quickly-ob- 
tainable signal is desired. 

Circuit Description 
An Audio Signal Generator com- 

prises an oscillator section, amplifier 
section, a vacuum tube voltmeter, an 
attenuator, and a line matching trans- 
former. (See Figure 1.) T h e  trans- 
former is used to change line imped- 
ance to some other commonly-used 
output impedance, thus providing a 
match between the attenuator output 
and the input of the device under test. 
The  frequency is determined by proper 
setting of the oscillator. T h e  volt- 
meter indicates voltage at  attenuator 
input terminals, while attenuator set- 
ting controls voltage delivered at  out- 
put terminals. T h e  output voltage 
level is determined by a combination 
of readings of voltmeter indication 
and attenuator setting. 

205A but includes an additional vacu- 
um tube voltmeter to measure the 
output of the device under test. T h e  
instrument will determine complete 
gain and frequency response of an am- 
plifier-no additional equipment is re- 
quired. (Figure 2.) 

-hp- 205AH Signal Generator is 
also similar to model 205A, but covers 
a frequency range of 1 kc to 100 kc 
and is suitable for supersonic measure- 
ments. 

-hp- 206A Audio Signal Generator 
is a precision-built test instrument de- 
signed to provide highly accurate test 
signals from 20 cps to 20 kc. T h e  
power output of this unit can be 
varied in 0.1 db  steps, and it will 
deliver an output level of +15 db 
above 1 mw into rated load or ap- 
proximately 10 volts open circuit, Be- 
yond the VTVM, the frequency re- 
sponse of this model is flat within 
kO.2 db from 30 cps to 15 kc. -hp- 

206A includes a selective amplifier 
which is automatically tracked with 
the oscillator. Wi th  such an arrange- 
ment it is possible to reduce the har- 
monic distortion level to less than 
0.1 %. These features make -hp- 206A 
the finest and most accurate low dis- 
tortion source for checking distortion 
in networks, bridge and! transmission 
measurements ; for maintenance of 
high fidelity audio systems, for check- 
ing broadcast station performance and 
for other applications requiring low 
power, low distortion, accurately 
known test signal. 

Operating Techniques 
-hp-  205A and 205AG are versatile 

instruments providing high output 
power. Frequency response is flat ex- 
cept at  low output levels and low fre- 
quencies. When measurements of ex- 
treme accuracy are desired, corrections 
may be applied in accordance with the 
curves in Figure 3. 

I 

With  an attenuator setting of zero, 
the source impedance of -hp- 205AG 
is very low. This results in a high 
amount of power transferred to the 
load. But with attenuator settings of 
20 db or more, source impedance ap- 
proaches load impedance. In  some ap- 
plications, this variation of impedance 
may be undesirable (as in the case of 
checking frequency response of trans- 
formers) , and should be taken into 
account. 

I n  the case of -he- 206A, special 
design eliminates need for correction 
in variation of impedance. The im- 
pedance is constant at 600 ohms under 
all conditions, and the frequency re- 
sponse is flat even at low output levels. 
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AUDIO SIGNAL 
GENERATOR 

ADVANTAGES: 

No auxiliary equipment needed 
Range-20 to 20,000 cps 
5 watts output, less than 1% distortion 
No zero setting 
Supplies known voltage 
Output meter calibrated in volts and decibels 
Standardized frequencies instantly available 
Separate input meter for gain measurements 
Wide range of output impedances 

USE IT FOR: 

Amplifier gain measurements 
Network frequency response 
Source of voltage for distortion 

Broadcast transmitter audio response 
Loudspeaker response 
General laboratory applications 
Production testing 

measurements 
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SIX BASIC INSTRUMENTS COMBINED 
TO SPEED GAIN MEASUREMENTS 

L THE necessary instruments for accurate gain or 
frequency response measurements have been assem- 

bled by -hp- engineers in one compact unit. No 
auxiliary equipment is required. 

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

T o  make amplifier or network gain measurements with 
the -hp- Model 205AG Audio Signal Generator, the oper- 
ator simply connects input and output leads to the binding 
posts. 

T w o  vacuum tube voltmeters are provided, one to meas- 
ure input and the second to measure output of the device 
under test. T h e  input meter has a range of minus 5 db to 



plus 48 db, with an input impedance of 5,000 ohms. T h e  
attenuator sets the output voltage. T h e  output impedance 
can be instantly changed by means of a selector switch to 
the commonly used impedances of 50, 200, 600, and 5,000 
ohms, a convenience in matching various types of networks. 
The  Model 205AG mill supply 5 watts output with less 
than 1% distortion, and thus is useful where sizeable 
amounts of power are required. 

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

AUDIO AND SUPERSONIC MODELS AVAILABLE 

There are three models of signal generators. T h e  -hp-  
Model 205AG provides all of the basic components to 
make a complete gain measurement in one unit. T h e  -hp- 
Model 205A is similar to the 205AG except that the input 
vacuum tube voltmeter is eliminated. For supersonic meas- 
urements the -hp- Model 205AH Signal Generator is 
available. This instrument is similar to the - h p -  Model 
205A but covers a frequency range of 1 kc to 100 kc. 

SPECIFICATIONS, MODELS 205AG 
AND 205A 

Frequency Range: T h e  frequency coverage is 20 cps to 
20,00Q cps, in three ranges. 

Calibration: T h e  dial is calibrated directly in cycles for 
the lowest range, 20 cps to 200 cps. A switch selects the 
desired range and indicates the proper multiplying fac- 
tor. Each range covers approximately 270 degrees on 
the 6%” main dial. Range 1 covers 20 cps to 200 cps; 
Range 2 covers 200 cps to 2,000 cps ; and Range 3 covers 

Stability: Under normal temperature conditions the fre- 
quency will drift less than 25% over long periods of 
time. Each range is provided with an internal adjust- 
ment so that 1 % accuracy may be maintained if required. 

Output: Five watts output will be delivered to a matched 

Load Impedances: A switch selects transformer taps for 
use with loads of 50, 200, 600 and 5,000 ohms. T h e  
output circuit is balanced and center tapped and any 
terminal may be grounded. T h e  internal impedance is 
approximately 1/6 of the load impedance with zero at- 
tenuator setting. T h e  internal impedance approaches 
the load impedance with attenuator settings of 20 db 
or more. 

Frequency Response: T h e  frequency response of the 
system beyond output meter is down 2.0, d b  a t  20 cps 
and 1 db at  20,000 cps ( a t  Levels from f 3 7  to -10 
dbm. Drop in response exceeds these limits a t  levels 
lower than -10 dbm). 

Distortion: T h e  distortion is less than 1% at rated out- 
put at all frequencies above 30 cps. 

Hum Level: T h e  hum level is 60 db below the outpllt 
voltagc or 90 db below zero level, whichever is the 
larger. 

2,000 cps to 20,000 cps. 

resistance load. 

Output Meter: T h e  output meter is calibrated directly 
in volts a t  600 ohms and in db above a 1 mw level (65 
volts and plus 37 db full scale). 

Input Meter:* T h e  input meter has a range of minus 5 db 
to plus 48 db based on a 1 mw level in 600 ohms. The  
meter scale is calibrated from minus 5 db to plus 8 db 
and a multiplier switch adds from zero to 40 db to the 
reading in 5 db steps. T h e  meter has an input imped- 
ance of 5,000 ohms. 

’@Not included in Model 205A. 

Input Meter Response: T h e  frequency response of 
the input meter is within k0.2 db over range from 20- 
20,000 cps. 

Output Attenuator: T h e  output attenuator provides 110 
db% 1 db steps. I t  consists of a 100 db attenuator with 
10 db steps and a 10 db attenuator with 1 db steps. 

Power Supply: 115/230 volts + lo%,  50/60 cycles. 
Power consumption : 125 watts. 

Mounting: Available in either relay rack or cabinet 
mounting. Panel size on either instrument, 19” x 10%”. 
Cabinet models are mounted in oak cabinets. Panels are 
finished in wrinkle gray enamel with machine engraved 
designations. 

Net Weight: 49 pounds. Shipping Weight: 94 pounds. 

MODEL 205AH SUPERSONIC SIGNAL 
GENERATOR 

Frequency Range: 1 kc to 100 kc, in two ranges. 

Power Output: 5 watts at 1% distortion, 1 watt at 
% distortion. 

Load Impedances: 50, 200, 500 and 5,000 ohm resis- 
tive. T h e  output circuit is balanced and center tapped 
and any terminal may be grounded. T h e  internal im- 
pedance is approximately 1/7 of the load impedance with 
zero attenuator setting. T h e  internal impedance ap- 
proaches the load impedance with attenuator settings of 
20 db or more. 

Frequency Response: +1 db from 10 kc reference. 

Hum Level: T h e  hum level is at least 65 db below out- 
put voltage or 65 db below 1 milliwatt into 500 ohms, 
whichever is greater. 

Output Attenuator: Range: 0 to 110 in 1 db steps. 
Accuracy: % db in first SO db, 3 db in last 30 db. 

Power Supply: 115/230 volts + l o % ,  50/60. cycles, 
125 watts. 

Accuracy of Frequency: t 2  %. 
Stability of Frequency: t% % after %-hour warmup. 

Line voltage changes of k 1 0  volts have negligible effect 
on frequency as power supply to oscillator is regulated. 

Output Meter: T h e  output meter is calibrated directly 
in volts at 500 ohms and in db above 1 milliwatt level 
(50 volts and +37 db, full scale). 

Mounting: Same as 205AG. 
N r t  TVeight: 40 pounds. Shipping Weight: 86 pounds. 

Z)ntn subject t o  change without notice. 
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AUDIO SIGNAL 
GENERATOR 

MODEL 206A 

ADVANTAGES: 

Continuously variable a-f voltage 
Accuracy 0.2 db, any level 
High stability 
Harmonic distortion less than 0.1 % 
11 1 db attenuator, 0.1 db steps 

USE IT FOR: 

A-f voltage source 
Checking FM transmitter response and 

Checking broadcast studio performance 
High-quality amplifier testing 
Transmission measurements 

distortion 

1 
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CONTINUOUSLY VARIABLE AUDIO 
SIGNALS LESS THAN 0.1 O/o DISTORTION 

HE -hp- 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  unique feature, coupled with simple, 
straight-forward circuitry, rugged construction and typical 
-hp- ease of operation, makes this new signal generator 
ideal for use in the maintenance of FM broadcasting units 
and high fidelity audio systems. 

CIRCUIT DESCRIPTION 

T h e  circuit arrangement of the Model 206A is shown 
in the block diagram, Figure 1.  T h e  oscillator section is 
followed by a tuned amplifier, automatically tracked with 
the oscillator. High selectivity of the amplifier reduces the 



harmonic voltages generated by the oscillator section. This 
serves to reduce the percentage of harmonic distortion in 
the voltage reaching the instrument’s output terminals. 

The  selective amplifier is followed by an output ampli- 
fier, a vacuum tube voltmeter, an attenuator and finally 
an output matching transformer. An electronic voltage 
regulator supplies plate voltage for the complete circuit. 

FREQUENCY DETERMINING NETWORK 

T h e  frequency determining network in the instrument’s 
oscillator section is composed of low temperature coefficient 
elements, so that the instrument will have good stability 
over long periods of time. T h e  frequency calibration of 
the instrument is accurate within 1 $%. Frequencies from 
20 cps to 20 kc are continuously available. Three decade 
frequency ranges provide an effective scale length of 47”. 
Tuning dial is controlled directly or with a 6 to 1 vernier 
micro drive for hairline adjustments. Dial is read through 
a no-parallax illuminated window. 

T h e  output of the amplifier is measured by a vacuum 
tube 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. 

OUTPUT SYSTEM 

T h e  new -hp- 206A generator includes an output match- 
ing transformer which allows it to be matched to resistive 

RESISTANCE TUNED TUNED VACUUMTUBE MATCHING 
OSCILLATOR AMPLIFIER VOLTMETER ATTENUATOR TRANSFORMER 

SINGE DIAL CONTROL 

Figure 1 

loads of 50, 150 and 600 ohms. This output system is bal- 
anced to ground and each winding is center-tapped. T h e  
internal impedance matches the load impedance. 

A single ended 600 ohm output is provided which by- 
passes the line-matching transformer. This output con- 
nection results in superior distortion and frequency re- 
sponse characteristics. 

USES 

This  instrument is specifically designed for testing high 
quality audio circuits. It is suitable for Fm transmitter 
maintenance, studio amplifier and console testing, a low 
distortion source for bridge measurements, for use as a 
transmission measuring set, and for any application requir- 
ing a low-distortion, accurately-known audio test signal. 

SPECIFICATIONS 

Frequency Range: T h e  frequency coverage is from 20 

Calibration: T h e  dial is calibrated directly in cycles for 
the lowest range, from 20 to 200 cps. Each range covers 
approximately 270 degrees of the 6” dial. T h e  dial is 
located behind the panel and is illuminated. A six to 
one rim drive enables the equipment to be easily and 
quickly set to any desired frequency. 

cps to 20 kc in 3 ranges. 

Stability: T h e  frequency is calibrated to within better 
than 1% when the instrument leaves the factory. T h e  
circuit elements in the frequency determining network 
have low temperature coefficients and good stability so 
that better than 2% accuracy will be maintained over 
long periods of time. 

Output: T h e  equipment will deliver an output level of 
+15 db above 1 mw into impedance of 50, 150 and 
600 ohms. Approximately 10 volts are available into an 
open circuit. 

Output Impedances: T h e  generator has a matched in- 
ternal impedance and the selection of output impedances 
includes SO, 150 and 600 ohms center-tapped and bal- 
anced and 600 ohms single ended. 

Frequency Response: T h e  frequency response of the 
system be~7ond the output meter is better than 0.2 db at 
all levels, 30 cps to 15 kc. 

Distortion: T h e  total harmonic distortion in the output 
voltage is less than 0.1 % at  frequencies above 50 cps and 
less than 0.255% from 20 cps to SO cps. 

Hum Level: T h e  residual hum and noise in the output 
signal is a t  least 70 db below the output signal or more 
than 100 db below zero level, whichever is the larger. 

Output Meter: T h e  output voltage is measured ahead 
of the attenuators by a 4” square meter calibrated in 
dbm and also i n  volts. T h e  meter has a scale which can 
be read to at least 0.2 db at all points above a 5076 scale 
reading. (Zero dbm equals 1 mw in 600 ohms.) 

Output Attenuators: Output attenuators provide a 
range of 11 1 db in 0.1 db steps. T h e  individual resistors 
in the attenuators are adjusted to better than 0.2% and 
the accuracy of the attenuators is approsimately 0.1 db. 

Mounting: T h e  Model 206A is mounted on a’standard 
relay rack size panel 10%’’ by 19”. T h e  depth behind 
the panel is approximately 13”. Either cabinet or relay 
rack mounting can be supplied. T h e  panel is finished in 
smooth gray enamel, or special colors to match trans- 
mitter installations. 

Power Supply: 115/230 volts +107., 50/60 cycles. 

Net Weight: 48 pounds. Shipping Weight : 91 pounds. 

Accessories Furnished: M-72 Power Cord. 

Data suhjcct to change without  notice. 

Power consumption : 145 matts. 
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SPECIFICATIONS 

Frequency Range: Model 320A: 400 and 5,000 cps. 
Model 320B: 50, 100, 400, 1,000, 5,000, 7,500 cps. 
(Filters for other frequencies on special order.) 

Input Impedance: Minimum, 20,000 ohms. 

Attenuator: 70 db adjustable in 1 db steps. 

Distortion Range: Distortion as low as 0.1 ”/o of funda- 
mental may be measured with sensitive detector. 

Mounting: Wrinkle gray panel, oak cabinet: 13” long, 
9’’ high, 8” deep. Relay-rack: 19” long, 9” high, 8” 
deep. Net Weight: 17 pounds. Shipping Weight: 29 
pounds. 

Data  subject to change without notice. 

DISTORTION 
ANALYZE R 

MODEL 320 

i 

QUICKLY DETERMINES TYPE AND 
AMOUNT OF DISTORTION 

H E  -hp- Model 320 Distortion Analyzer is a sim- 
ple and convenient device for studying and meas- 
uring the total harmonic distortion in audio 

frequency apparatus. T h e  character and type of distortion 
can also be determined. 

T h e  Model 320 contains a 70 db attenuator set and 
sharply tuned filters. Distortion measurements are made 
by eliminating the fundamental from the applied voltage 
with the filter and noting the amplitude of remaining dis- 
tortion on an external detector or voltmeter such as the 
-hp- 400A. T h e  filters are then switched out and the origi- 
nal wave attenuated on the self-contained attenuators until 
an identical reading is obtained on the external detector. 
T h e  setting of the attenuator then indicates the distortion 
level in db below the applied wave. An oscilloscope also 
may be used to aid in determining the character of distor- 
tion or as a detector. 

T h e  Model 320 is available as the -hp- 320A, for meas- 
urements at  400 and 5,000 cps; or as the -hp- 320B for 
frequencies of 50, 100, 400, 1,000, 5,000 and 7,500 cps. 
Filters for other frequencies available on special order. 
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WAVE AND DISTORTION ANALYZERS 
FAST, convenient measurement 
of harmonic distortion is of 
great value not only in the lab- 

ofatory, but in the manufacturing and 
testing of electronic, electrical and 
mechanical equipment. 

Distortion in a network may be de- 
fined as thc 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: 

( I n  this expression A, is the ampli- 
tude of the fundamental, A, is the 
second harmonic, A, is the third har- 
monic, etc.) 

Distortion Measuring Methods 
T w o  procedures are commonly fol- 

lowed in determining distortion. O n e  
of these is the “fundamental” method. 
In  this method, a single pure fre- 
quency is fed to a device and each 
frequency appearing at  the output is 
measured with a frequency-selective 
voltmeter or  a wave analyzer. T h e  
measured values are substituted in 
the expression given above and per- 
cent distortion may be calculated. 

A second method is known as 
“total” distortion measuring. A single 
pure frequency is again fed to the de- 
vice. Here the amplitude of the out- 
put voltage containing harmonics is 
first measured. Then  the fundamen- 
tal frequency is filtered out and the 
rms value of the combined harmonics 
is measured. T h e  ratio of the ,two 
values expressed in percent is the dis- 
tortion in the circuit. 

Figure 1 
Block diagram of -hp- 330B Distortion 

Analyzer. 

-hp- Wave Analyzer 
For measuring distortion bv th? 

“fundamental” method, -hp- Model 

300A Harmonic  IYave Analyzer 
(page 26) is wcll :suited. This instru- 
ment is of the selective-voltmeter type, 
and is ideal for measuring individual 
compoiients of a wave. For example, 
the exact value of second harmonic 
voltage can be measured in the pres- 
ence of hum and other extraneous 
voltages. Applications of this versatile 
equipment include determination of 
harmonic components in ac machinery 
and power systems, study of induced 
voltage in telephone lines, analysis of 
hum and noise in electronic systems. 
T h e  instrument also makes possible 
convenient determination of inter- 
modulation or cross modulation gen- 
erated by simultaneous transmission 
of two frequencies in an audio system. 
And, it provides a simple means of 
measuring demodulation of a modu- 
lated wave applied through an audio 
system. 

-hp- Distortion Analyzers 
-hp- 330 Series Distortion Analyzers 

(page 28) consist of three basic cir- 

I I 
Figure 2 

Recommended set-up for  distortion meas- 
urement using -hp- 330 Analyzers. 

cuits, any of which can be used sepa- 
rately. (Figure l .) They are designed 
for measuring distortion by the “total” 
method between 20 and 20,000 cps. 
These instruments are extremely sim- 
ple to use, and are particularly useful 
in measuring total audio distortion or 
hum and noise level in audio ampli- 
fiers. They are also convenient for 
measuring voltage levels, power out- 
put, amplifier gain ; and may be used 
as high-gain, wide-band stabilized am- 
plifiers. T h e  330D includes a linear 
rf detector for determining distortion 
in modulated AM and FM broadcast 
carriers. 

A typical set-up utilizing -kp- 330 
series analyzers for measuring by the 

“total” distortion method is shown in 
Figure 2. T h e  combination of distor- 
tion analyzer and oscilloscope is an 

Figure 3 

Oscillograms showing ( a )  sine wave with 
1.5% distortion, ( b )  second harmonic dis- 

tortion with super imposed transient 
oscillations. 

Figure 4 
Oscillogram showing distortion in ampli- 
fiers when ( a )  distortion level is of same 
order of magnitude as  hum, (b)  amplifier 
is driven a t  point of overload; notch in 
pattern is caused by small gr id  current. 

ideal arrangement and provides a great 
deal of information. Wi th  this set-up, 
transient oscillations caused by satura- 
tion of iron in the circuit can be easily 
detected, as can continuous oscillations 
caused by unfavorable gain-shift char- 
acteristics. Such oscillations indicate 
an unstable system and are often un- 
stable themselves. However, they are 
frequently non-detectable unless an 
oscilloscope is used. 

T h e  analyzer-oscilloscope combina- 
tion is also useful for determining the 
nature of distortion, the presence of 
excessive noise and hum; or for de- 
tecting distortion caused by grid cur- 
rent on driving peaks. (Figures 3 
and 4.) 

Low-Cost -hp- Analyzer 
-hp- 320 Series Distortion Analyz- 

ers (page 24) are simple, low-cost in- 
struments designed for quick, accurate 
production tests where distortion meas- 
urement is required at  one or more 
pre-set frequencies. In  conjunction 
with a sensitive voltmeter (such as 
-hp- 400C, page 34) these analyzers 
offer an easy-to-use setup for meas- 
uring total distortion. 
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HARMONIC 
WAVE 

ANALYZE R 

MODEL. 300A 

ADVANTAGES: 

Direct reading 
Simplified operation 
Variable selectivity 
Wide voltage range 
Linear meter scale 

USE IT TO ANALYZE: 

Noise characteristics 
Broadcast amplifier characteristics 
Modulating amplifier distortion 
Recording devices 
Rotating machinery harmonic voltages 
Film sound track distortion 
Recording distortion 
Hum 
Network characteristics 

VARlABLE SELECTIVITY PROVIDES 
RAPID, ACCURATE WAVE ANALYSIS 

HIS -hp- Model 300A Harmonic Wave Analyzer 
is a selective voltmeter designed to measure the 
individual components of complex waves. T h e  

selectivity can be varied by means of a unique selective 
amplifier. Where the harmonics are close together the 
high selectivity easily separates the wave components. Yet, 
where the components are spaced far apart, the selectivity 
may be widened to increase the speed of operation without 
sacrificing essential accuracy. This feature is also valuable 
where it is necessary to measure distortion of waves con- 
taining a small amount of frequency modulation, such as 
in sound tracks, and may be used conveniently to integrate 
a small portion of the audio spectrum in noise measure- 
ments and the like. Maximum selectivity is sufficient to 
separate harmonic components spaced 30 cycles apart. (See 
Figure 1.) 
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DIRECT READING 
T h e  -hp- Model 300A Harmonic Wave Analyzer covers 

the audio spectrum from 30 cps to 16,000 cps. T h e  wide 
voltage range covers the values encountered in nearly every 
application. Full scale voltmeter readings may be obtained 
with inputs of .001 to 500 volts so that the instrument 
may be used with equal success with low output trans- 
ducers and high power modulating amplifiers. Other fea- 
tures which make it unexcelled for both laboratory and 
production testing are the linear meter scales fully pro- 
tected against overloads, and the built-in calibrating system 
to standardize voltage measurements. 

SPEC I FI CAT I ON S 

THEORY 

T h e  circuit of the Model 300A consists of a variable 
local oscillator, a balanced modulator, a selective amplifier, 
and an indicating meter. T h e  variable local oscillator mod- 
ulates the unknown frequency to produce a constant differ- 
ence frequency. This difference frequency is applied to the 
selective amplifier, the output of which is then proportional 
to the magnitude of the unknown voltage. A meter in the 
output of the selective amplifier indicates the magnitude 
of the voltage. 

T h e  local oscillator is of the resistance-tuned type, pro- 
viding a very stable, accurate voltage. A balanced modu- 
lator is used to eliminate the local oscillator frequency and 
to keep cross-modulation products very low. T h e  selective 
amplifier consists of four tuned circuits in which the effect- 
ive Q is controlled by positive feedback. Negative feedback 
is also used to stabilize the amplifier. 

This amplifier has the unique characteristic that its 
selectivity may be varied over a wide range without ap- 
preciably affecting the gain of the amplifier. 

CYCLES OFF R E S O N A N C E  

Figure 1 

USES 

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

Other uses include the study of noise by integrating por- 
t i o x  of the spectrum with the selectivity control adjusted 
for a wide pass band and the checking of wave filter char- 
acteristics with maximum selectivity. 

T h e  -hp- 300A is also useful as a device to measure the 
amount of cross- or inter-modulation products generated 
by the simultaneous transmision of two frequencies by an 
audio system or to measure demodulation of a modulated 
wave applied through an audio system. 

Frequency Range: T h e  frequency range is from 30 to 
16,000 cps and the frequency calibration is within 3%. 
T h e  frequency is controlled by a 7” diameter dial lo- 
cated on the panel. T h e  entire range is covered in ap- 
proximately a 200” sweep of the dial. 

Voltage Range: There are four input voltage ranges 
having maximum values of 0.5 volts, 5 volts, 50 volts, 
and 500 volts. In  addition, a meter multiplier divides 
each voltage range into full scale meter readings of 500, 
250, 100, 50, 25, 10, 5, 2.5 and 1. Thus full scale meter 
readings can be obtained on from 1 mv to 500 v. T w o  
controls select the input range and meter multiplier. 
T h e  linear meter is fully protected against overloads. 

Selectivity: T h e  selectivity can be varied by means of a 
control on the front panel. At  the maximum selectivity 
setting, the response is down approximately 3 db at 3.5 
cycles, 10 db at 8 cycles, 40 db at 30 cycles, and 60 db 
at 53 cycles from maximum response. At  minimum 
selectivity, the response is down approximately 3 db at 
14 cjcles, 10 db at  37 cycles, 40 db at 145 cycles, and 
60 db at 280 cycles from maximum response. Selectivity 
may be varied continuously between these limits. T h e  
variable selectivity control is calibrated in the half band 
width at which the response is down 40 db. 

Voltage Accuracy: T h e  over-all voltage accuracy is 
t 5  %, provided adjacent harmonics are within limits 
determined bj7 the selectivity. This accuracy can be 
maintained provided that unwanted voltages are attenu- 
ated by the selectivity of the instrument to less than 1/3 
of the voltage being measured. Thus, with maximum 
selectivity a 3% second harmonic of a 30 cycle voltage 
may be measured with 5 % accuracy. 

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

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

Power Supply: T h e  instrument contains a voltage regu- 
lated power supply which operates from 115/230 volts 
*lo%, 50/60 cycles. Power required is 105 watts. 

Mounting: T h e  Model 300A is mounted in an attractive 
oak cabinet to harmonize with the panel, which is fin- 
ished in gray with machine engraved designations. A 
relay rack model is also available and is designated as the 
Model 300AR. 

Physical: Over-all dimensions of the Model 300A are 
24” high, 19%ff wide, and 12gf’ deep. 

Net TVeight: 80  pounds. Shipping Weight: 145 pounds. 

Data suhject t o  change without  notice. 
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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 

USE IT TO DETERMINE: 

Total audio distortion 
Voltage level, power output, gain 
Total distortion of AM rf carrier 
Noise and hum level directly 
Audio signal frequency 
High-gain, wide-band amplification 

DISTORTION 
ANALYZE R 

ACCURATE DISTORTION READINGS 
20 CPS TO 20,000 CPS 

THE -hp- Model 330B Distortion Analyzer will 
give you quick, accurate measurements of distor- 
tions as low as 0.1 % a t  any frequency from 20 

cps to 20,000 cps. I t  will make noise measurements of volt- 
ages as small as 100 microvolts. T h e  analyzer has high 
sensitivity and high stability. Its circuit includes a 20 db 
amplifier, oscilloscope terminals and a precision vacuum 
tube voltmeter which is usable separately. 

These many features give the instrument exceptional 
usefulness for all kinds of audio measurements in record- 
ing and motion picture facilities, broadcast studios, re- 
search laboratories and in maintaining quality of audio 
production. 

28 



CIRCUIT DESCRIPTION 

Basically, -hp- 330B Distortion Analyzer consists of a 
frequency-selective amplifier, a regulated power supply and 
a vacuum tube voltmeter. (See Figure 1 ,  page 25.) 

The  20 db amplifier operates in conjunction with the 
-hp- resistance-tuned circuit to provide infinite attenuation 
at one frequency while allowing all other frequencies to 
be passed at the amplifier’s normal gain. (See Figure 1 . )  
Negative feedback is employed in the amplifier to mini- 
mize distortion, to give a uniform response over a wide 
range of frequencies and to provide high stability. Fre- 
quency response is flat within +3% from 10 cps to loo,,- 
000 cps; thus even the 5th harmonic of 20,000 cps is passed 
by the amplifier without appreciable 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. T h e  voltmeter-which may be used 
as a separate instrument-responds proportionately to the 
average value of the applied voltage wave and is cali- 
brated in RMS values of a sine wave. 

FM, AM-FM DISTORTION ANALYZERS 
Model 330C Distortion Analyzer 

For FM broadcasters, a special modification of -hp- 
330B. Identical in all respects, except that the indicating 
meter movement is provided with VU ballistic character- 
istics to meet F.C.C. requirements for FM broadcasting. 
Like the 330B, Model 330C provides infinite attenuation 
at any one frequency and makes possible total audio distor- 
tion measurements at any frequency from 20 to 20,000 
cps. 

R E  E N C Y  BETWEEN 
20 A N D  20,000 C.P.S.  

20 200 2000 

FREQUENCY, c p s 

20000 

Figure 1 

Model 330D Distortion Analyzer 

For radio stations and other installations where both 
AM and FM measurements are required. Includes an 
AM rf detector with a diode rectifier operating in con- 
junction with a resonant circuit tuned to the carrier fre- 
quency under measurement. Detector covers a range of 
500 kc to 60 mc and is varied by tuning condenser 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. 

SPECIFlCATIONS 

Range: 20 cps to 20,000 cps. Frequency of measurement 
is selected on a directly calibrated dial having its lowest 
range calibrated directly in cps. Range switch selects 
operating band. 

Accuracy: Circuit will eliminate fundamental by more 
than 60 db and will attenuate second and higher har- 
monics by less than 10%. Distortion measurements are 
accurate within +3% of full scale reading for distor- 
tion levels as low as 0.5%. Meter indicates in propor- 
tion to the average value of the residual components. 
Residual distortion introduced by instrument is less 
than 0.1 %. 

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

Voltmeter Range: Nine ranges. Full scale sensitivities 
of .03, .l ,  .3, 1.0, 3.0, 10, 30, 100, 300. Calibration C 2  
to -12 db is also provided. Ranges are related to each 
other in 10 db steps. Range switch indicates db level 
as well as voltage range. Zero level 1 milliwatt in 
600 ohms. 

Voltmeter Accuracy: &3% of full scale; unaffected 
by changing of tubes or line voltage variations from 105 
to 125 volts. Reading is proportional to average value 
of the applied wave and is calibrated in rms value of a 
sine wave. This meter provides the most practical 
method of measuring distortion even though it does not 
indicate true rms values. I t  is stable, accurate and can- 
not be damaged by overloads. 

Voltmeter Frequency Response: Flat within -+3 % 
over range of 10 to 100,000 cps. 330 C / D  flat within 
+3%, 10 to 20,000 cps and &5% to 60,000 cps. 

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

R. F. Detector: Linear r-f detector is provided to rectify 
the transmitted carrier. Input circuits of this rectifier 
are tunable from 530 kc to 60 mc, in 5 bands (330D 
only). 

A. F. Input Impedance: Input impedance at the audio 
frequency input terminals is approximately 200,000 
ohms shunted by 40 ppf. Input impedance at the vac- 
uum tube voltmeter terminals is 1 megohm shunted by 

Oscilloscope Terminals: Terminals are provided for 
connection to an oscilloscope to observe the wave shapes 
of the original signal and the residual distortion com- 
ponents. Maximum gain from the a-f input is 75 db. 

Power Supply: 115/230 v +lo%, 50/60 cycles. Power 
consumption is 90 watts. Plate supply electronically 
regulated. 

Mounting: Oak cabinet or relay rack. Panel size, 19” x 
lo%”, depth 13”. Panel finish gray. 

Net Weight: 32 pounds. Shipping Weight: 78 pounds. 

37 ppf. 

Data subject t o  change without  notice. 
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SPECIFICATIONS 

Frequency Range: 20 cps to 10,000 cps. Voltage rise 
time : Approximately 1 microsecond (between 10% 
and 90% points). Flat top of wave decays less than 1 %. 

Output Voltage: Approximately 50 volts, peak to peak, 
open circuit. T h e  output impedance is 1,000 ohms, bal- 
anced to the ground. 

Output Attenuator: 70 db in 5 db steps. 

Driving Voltage: 3 volts required. Input impedance 
25,000 ohms. May be internally driven with a-c power 
supply voltage. 

Mounting: Steel Cabinet: 15%’’ long, 7” high, 9%” 

Power Supply: 115 v + 10 v, 50/60 cps, 115 watts. 

Net Weight: 23 pounds. Shipping Weight: 39 pounds. 

deep. Relay Rack: 19” long, 7” high, 9%” deep. 

Data  subject t o  change without  notice. 

1. Square wave distortion 
from paor high 
frequency response. 

2. Square wave distor- 
tion from poor response 
at both high and low 
frequencies. 

3. Square wave test 
on feedback amplifier 
showing peak a t  9 times 
square wave frequency. 
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SQUARE WAVE 
GENERATOR 

MODEL 210A 

SQUARE WAVES FOR RAPID TESTING 
20 CPS TO 100 KC 

HE -hp- Model 210A Square Wave Generator 
provides an excellent source of square waves for 
production tests and experimental purposes. T h e  

fundamental frequency range is 20 cps to 10,000 cps. A 
reasonably square wave may be obtained a t  frequencies as 
high as 100 kc. T h e  square wave frequency is synchro- 
nized from an external source of 3 or more volts. Out- 
put can be attenuated 70 db from a maximum voltage of 
50 volts, peak to peak. Output voltages balanced to ground. 

USES 

T h e  -hp- 210A is ideal for testing receivers, video ampli- 
fiers, networks and transmitters ; to measure time constaats 
or provide a time base, check cathode ray sweep circuits, 
generate harmonics for frequency multiplication or control 
an electronic switcher. It may also be used to indicate phase 
shift, frequency response, or transient effects. 



PULSE 
GENERATOR 

MODEL 212A 

BASIC TEST INSTRUMENT FOR RADAR, 
TV AND OTHER “FAST” CIRCUITS 

H E  212A Pulse Generator is a fundamental meas- 
uring tool for all kinds of pulse and fast circuitry 
use. I t  offers a maximum of 50 watts pulsed 

power (50 volts across a 50-ohm load). T h e  instrument 
has a high-quality pulse with a flat top, fast rise time (0.02 
psec) and minimum overshoot. Pulse length is continu- 
ously variable from 0.07 psec to 10 psec, and pulse length 
control is direct reading. There is complete freedom from 
jitter, and pulse shape is independent of frequency, load, 
sync conditions, input voltage or output attenuator setting. 

Model 212A provides positive or negative pulses and may 
be synchronized to other equipment through built-in delay 
and advance sync out circuits. Pulse output amplitude can 
be continuously attenuated down from a maximum of 60 db. 
Repetition rate is continuously variable from internal 
control and may also be synced to external equipment. In- 
ternal impedance is 50 ohms or less so as to facilitate de- 
livering un-deteriorated pulses at  the end of a long termi- 
nated transmission line. 

USES 

In  addition to radar, T V  and nuclear work, the gener- 
ator is useful for testing rf amplifiers, filters, band pass 
circuits, oscilloscopes ; as a noise generator, to check peak 
measuring equipment, modulate rf carriers or pulse-modu- 
late UHF signal generators. 

SPECIFICATIONS 

Pulse Length: Continuously variable 0.07 to 10.0 psec. 

Pulse Amplitude: 50 v into %-ohm load. Positive and 

Amplitude Control: Adjustable 0 to 60 db. Continuous 

Internal Impedance: 50 ohms or less. 
Pulse Shape: Rise and decay time approx. 0.02 psec. 

(10% to 90% amplitude.) 
Repetition Rate: 50 to 5,000 pps internally or exter- 

nally controlled. 
Sync In: Positive or negative trigger of 5.0 v up to 

SYNC Out: 40 v positive or 25 v negative into 200-ohm 
load approx. 1 psec long. Approx. 0.15 psec rise time. 

Pulse Delay, Advance: Main pulse position can be 
controlled relative to sync out pulse by means of a 
single knob. Range: 0 to 10 psec advance; 0 to 100 
psec delay. 

Direct reading panel control. 

negative pulses. Peak output power 50 watts. 

throughout range. 

5,000 pps. 

Power: 115/230 v -+lo%, 50/60. cps, 325 watts. 
Size: 10%” x 19” x 13” deep. Weight 50 Ibs. Shipping 

Weight 90 Ibs. Rack mounting only. Detachable end 
pieces with hinged handles for table use, $5.00 per pair. 

Data subject t o  change wi thout  notice. 

Figure 1. Tracing of ac- 
tual photographs showing 
0.07 psec pulse delivered 
by Model 212A. 

Figure 2. Tracing of ac- 
tual photograph showing 
1.0 psec pulse delivered 
by Model 212A. 
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ATTENUATORS 

, , 
. . . 

A BASIC BRIDGED-T INSTRUMENT 
WITH MANY LABORATORY USES 

2 5 IOKC 50 lOOKC 200 
+1 

1 

Figure 1 .  Typical Frequency Response. 

‘ -  

, HEN a high order of accuracy, wide-frequency 
response, large-power handling capacity or other 
special features are required, -hp- 350 series 

Attenuators are of great value and convenience. They are 
partida;ly useful in attenuating output of audio and 
supersonic oscillators, measuring gain and frequency re- 
sponse of amplifiers, measuring transmission loss and in- 
creasing the scope and usefulness of other laboratory equip- 
ment. 

T w o  basic bridge-T circuits make up the -hp- 350 At- 
tenuators. One circuit is a 100 db attenuator, adjusted in 
10 db steps. T h e  other is a 10 db attenuator, adjusted in 
1 db steps. Frequency response is flat to 100 kc (See Figure 
1 ) .  T h e  attenuators are available in two standard imped- 
ance levels-500 and 600 ohms. Resistors are adjusted to 
f % % for maximum calibration accuracy. T h e  instru- 
ments have large-power handling capacity-5 watts- 
and are ideal for supersonic and other work involving 
measurements above the range of conventional audio-f re- 
quency attenuators. 

For power gain measurements or to form a signal gener- 
ator, use -hp- 350 Attenuator with an -hp- oscillator and 
a voltmeter. 

SPECIFICATIONS 

T w o  models are available. T h e  -hp- 350A matches a 
500 ohm impedance and the -hp- 350B matches a 600 
ohm impedance (one side grounded). 

Attenuation: T h e  attenuation is 110 db in 1 db steps. 

Accuracy: Each individual resistor is adjusted to +% %. 
Frequency Response: Accumulative error a t  100 kc 

Power Capacity: 5 watts, continuous duty. 

Mounting: Gray panel. Oak cabinet: 5” x 8“ x 4%”. 

Net Weight: 3 pounds. Shipping Weight: 7 pounds. 

less than 1 db in 50 db. 

(Rack mounting $5.00 extra.) 

D a t a  subject to  change wi thout  notice. 
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VACUUM 
HE measurement of voltage 
is a basic electrical function 
which is required almost daily 
in the research laboratory, on 

the production line and in the opera- 
tion of electrical, electronic and me- 
chanical equipment. 

For maximum speed and conve11- 
ience in making measurements from 
2 cps to 700 mc, Hewlett-Packard 
offers five stable, accurate vacuum 
tube voltmeters-one a battery oper- 
ated portable instrument. Each gives 
you familiar -hp- characteristics of 
wide range, compact size, sturdy de- 
pendability and time-saving ease of 
operation. 

High-Sensitivity Voltmeters 
-hp- Models 400A, B and C (page 

34) and 404A Portable (page 38) 
are high-sensitivity average- reading 
instruments. In  these voltmeters the 
dc cur ren t  th rough the indicating 
meter is proportional to the average 

Figure 1. Block diagram, -hp-  400 series 
voltmeters. 

value of the ac voltage under measure- 
ment. Circuits include an input volt- 
age divider, a stabilized amplifier with 
generous feedback, rectifier and meter 
circuits and a power supply. (Figure 
1.) Operation is independent of the 
tube characteristics and line voltage 
changes. 

-hp- Model 400C Voltmeters are 
particularly useful in measuring very 
small voltages down to 1 mv full scale 
and can also be used as high-gain 
broadband amplifiers to increase sen- 
sitivity of oscilloscopes, bridges, etc. 
They measure voltages throughout the 
audio, supersonic and low rf regions 
and are also excellent for geophysical 
and telemetering work, and the meas- 
uring of power circuits and high fre- 
quency voltages in broadcast equip- 
ment. 

Wide-Range Voltmeters 
-hp- Model 410B (page 36) is a 

wide-range peak-reading voltmeter de- 
signed especially for high-frequency 
work (20 cps to 700 mc).  I t  has a 

TUBE VOLTMETERS 

high input resistance with minimum 
shunt capacity and can be connected 
into a circuit wi thout  introducilig 
stray capacity. This instrument etn- 
ploys a special probe with a custom- 
designed diode tube. T h e  cathode ot 
this probe diode has solid grounding, 
and the anode lead is brought out with 
a minimum of inductance. Alodel 
4l0B is independent of tube charac- 
teristics or line voltage changes and 
offers highly stable performance ideal 
for audio, supersonic, R F  or UHF 
measiiremen ts. 

Voltmeter Accessories 
T o  increase the useful range of - h p -  

voltmeters, a complete line of volt- 
meter accessories is offered (page 39). 
1 hese include Probe Connectors, Ca- 
pacitive Voltage Dividers, dc Resistive 
Voltage Multipliers, Shunt Resistors, 
etc. 

Voltmeter Operating Techniques 
In average-reading voltmeters such 

as -hp- 400 A/B/C and 404A port- 
able instruments, the meter indicates 
RRlS value of a t r u e  sine wave. 
When the waveform of the voltage 
under study contains appreciable har- 
monic or other spurious voltages, meas- 
urement errors will be encountered. 
T h e  magnitude of the error will de- 
pend on the magnitude and phase re- 
lationship between harmonic and fun- 
damental frequencies. T o  obtain a 
correct reading the errors shown in 
Table 1 should be taken into account. 
Average reading voltmeters give supe- 
rior accuracy to peak-reading volt- 
meters when complex waves are meas- 
ured. However, for the majority of 
high frequency measurements, peak- 

% TRUE RMS MODEL 400C PEAK METER 
HARMONIC VALUE INDICATION INDICATION 

0 100 IO0 IO0 

IO% 2nd. 100.5 100 90 10 I10 

100-IO2 8010 120 

50% 2nd. I12  100-110 7510150 

20% 2nd. 102 

10% 3rd. 100 5 96.104 9OlollO 

20% 3rd I02  94-108 80t0120 

50% 3rd. 112 90.116 10810 I50 

Table 1. Measurement errors f r o m  har-  
moriic or other spurious voltages. 

reading voltmcters such as - h p -  410B 
are generally preferred because of their 
high stability, high input irnpedancr 
atid freedom from tube characteristics. 

Voltmeter readitigs can be affected 
by hum pick-up when the circuit under 
study has a high impedance. Ordinary 
shielded leads reduce such pick-up, but 
are often not practical. In such cases, 
-hp- 454A Capacitive Voltage Divider 
is recommended (page 39).  This in- 
strument is a capacitive probe which 
presents a very high impedance to the 
point of measurement and provides a 
t h o r o u g h l y  sh i e lded  lead  t o  t h e  
VI’VM. However, this results in a 
sensitivity loss of 1 O O : l  in thc volt- 
meter. 

Also of value in assuring accurate 
measurement of high impedance cir- 
cuits is -hp- 451A Bridging Amplifier 
(page 40). This equipment not only 
prevents loss of sensitivity, but pro- 
vides a shielded lead with high input 
resistance to the point of measurement 
(Figure 2). 

Figure 2. Set-up fo r  eliminating long 
shielded leads in voltage measuring. 

In  measuring voltage at very high 
frequencies, even very short leads can 
introduce reactance which results in 
meter error. When using the probe 
of -hp- 410B voltmeter for high fre- 
quency work, it is advisable to ground 
the outer shell of the probe with heavy 
copper strapping and keep the distance 
from the probe to the point of meas- 
urement as short as possible. The  nose 
of the probe is removable when the 
ultimate in short leads is desired. 

T o  facilitate measurement in co- 
axial transmission lines with -hp- 410B 
voltmeter, -hp- 455A Probe Coaxial 
“T” Connector is offered (page 39). 
’I‘his instrument is a specially designed 
“1”’ joint which connects the probe 
into the line without disturbing con- 
ditions in the line. 
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VACUUM TUBE 
VOLTMETER 

MODEL 400C 

ADVANTAGES: 

Wide voltage range. High sensitivity 
Hairline accuracy. Time saving stability 
High input impedance 
Large overvoltage capacity 
Waveform errors minimized 
Measurements up to 2 mc 
Small and light 

USE IT TO MEASURE: 

Voltage in audio, supersonic, and 

Amplifier gain. Network response 
Output level. Hum level 
Power circuit voltages 
Video voltages. Carrier current voltages 
Capacity. Coil figure of merit 

lower rf region 

FAST, ACCURATE MEASUREMENTS 
BETWEEN 20 CPS AND 2 MC 

TODAY, the vacuum tube voltmeter is the most im- 
portant basic tool of electronic research, develop- 
ment or production work.  . . and the -hp- Model 

400C is one of the most versatile and widely used of all 
vacuum tube voltmeters. 

This ruggedly built precision instrument will measure 
any voltage from 0.1 millivolts to 300 volts. It covers 
every frequency from 20 cps to 2 mc. Model 400C has a 
high input impedance of 10 megohms, effectively prevent- 
ing disturbance to circuits under test. It is extremely sim- 
ple to operate, and gives direct voltage and dbm readings. 
It is protected against overloads 100 times normal, and no 
precautions are necessary. 

HIGH GAIN AMPLIFIER 

Model 400C voltmeter includes a high gain, broad band 
amplifier. This amplifier employs a new circuit and com- 
ponent arrangement that makes possible both high stability 
and wide band coverage. T h e  output is applied to a full 
wave rectifier actuating a meter movement. This 1 milliam- 
pere meter is exceptionally rugged, guaranteeing maximum 
accuracy throughout years of service despite electrical 
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abuse, or mechanical impacts. Inverse feedback is employed 
over the entire system, insuring a high degree of accuracy 
and providing meter readings that are independent of line 
voltage changes, tube characteristics or other external 
effects. 

EASY TO USE 

1 he simple operation typical of all -hp- instruments is 
particularly apparent in the Model 400C voltmeter. Ranges 
are quickly selected on a front panel switch which changes 
sensitivity by accurate 10 db intervals. This, combined 
with the direct db calibration of the meter makes it pos- 
sible to read dbm directly, without calculation, from 
to (0  dbm 1 milliwatt into 600 ohms.) Turn-  
over effect and waveform errors are minimized because 
the meter responds to the average value of a full sine wave. 
There are no adjustments to make during operation. T h e  
large, clear 4” linear meter face is sloped for maximum 
readability. Meter movement has uniform damping 
throughout the entire scale. 

USES 

T h e  measuring speed and accuracy of this voltmeter 
makes it valuable for laboratory work in measuring ampli- 
fier gain, network response and output level. T h e  wide 
frequency range makes it suitable for audio, video or rf 
measurements. In many cases, its sensitivity is sufficient 
to measure hum and noise level directly. T h e  high voltage 
ranges allow the instrument to be used for measuring 
power circuit or high frequency voltages in broadcast equip- 
ment. T h e  Model 400C also serves as a VU meter, mea- 
sures coil “Q,” compares capacities and resistances, and 
detects nulls. It may also be used as a high gain, broad 
band amplifier to increase sensitivity of oscilloscopes, bridges 
and other equipment requiring additional sensitivity. 

-hp- 400A VACUUM TUBE VOLTMETER 

Long a standard unit of equipment wherever 
precision voltage measurements are required, the 
-hp- Model 400A Vacuum Tube Voltmeter offers 
direct readings between 10 cps and 1 mc. Sensi- 
tivity is 30 millivolts full scale, and accuracy is 
within +3% up to 100 kc; &.5% up to 1 mc. 
T h e  instrument has a voltage range from 0.005 
to 300 volts, covered in 9 decade ranges. Input 
impedance is 1 megohm shunted by 24 ppf. 

-hp- 400B VACUUM TUBE VOLTMETER 

T h e  Model 400B is a vacuum tube voltmeter 
designed to give precision voltage readings at  very 
low frequencies (2cpsto 100kc). Input impedance 
is 9 megohms shunted by 24 ppf. Maximum sensi- 
tivity is 30 millivolts full scale. Accuracy is +3%, 
1Ocps to 100 kc; +% db, 3 cps to 1Ocps; +1  db, 
2 cps to 3 cps. T h e  instrument has 9 decade ranges 
and provides full scale readings from 0.03 volts to 
300 volts. Output terminals provided so instru- 
ment may be used as a stabilized amplifier. 

Figure 1. Detail of sloping meter face, Models 400A, 
B and C, showing easy readability of linear voltage 

scale and direct-reading dbm scale. 

SPECIFlCATIONS 

-hp- Model 400C Vacuum Tube Voltmeter 

Voltage Range: 12 ranges, selected on front panel 

.001 v .loo. v 10.0 v 

.003 v .300 v 30.0 v 

.010 v 1.00 v 100.0 v 

.030 v 3.00 v 300.0 v 

switch. Full scale readings of : 

Frequency Range: 20 cps to 2 mc. 

Accuracy: T h e  over-all accuracy of the meter is within 
2 3 %  below 100 kc and tS% from 100 kc to 2 mc. 
Line voltage variations from 105 to 125 volts or chang- 
ing tubes will affect the reading by less than 3% at all 
frequencies below 100 kc. 

Calibration: Calibrated to read rms value of sine wave. 
Voltage indication proportional to average value of full 
sine wave. Linear voltage scale with db calibration from 
-12 to 4-2 dbm. 10 db intervals between voltage 
ranges. 

Input Impedance: 10 megohms shunted by 15 ppf on 
ranges 1.0 v to 300 v ;  24 ppf on ranges 0.001 v to 0.3 v. 

Output Circuit: Maximum output 0.3 v corresponding 
to full scale deflection of meter. Internal impedance 
1,000 ohms. Gain 300 when instrument is on the 0.001 
volt range. 

Power Supply: 115/230 volts + lo%,  50/60 cps, 70 
watts. 

Size: 7%‘f wide, 8sf’ high, 9%‘’ deep. Wrinkle gray 
steel cabinet. Weight: 14 pounds. Shipping Weight: 
18 pounds. 

Data  subject t o  change without notice. 
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HIGH 
FREQUENCY 

VACUUM TUBE 
VOLTMETER 

MODEL 410B 

ADVANTAGES: 

Range: 20 cps to 700 mc 
Input capacity, approximately 1.5 ppfd 
High input impedance 
Few controls. High stability 
Rugged meter movement 
Excellent overload protection 

USE IT TO MEASURE: 

Audio frequency, supersonic, rf, 

Antenna voltage, current, and power 
Transmission line characteristics 
Standing waves 
Audio, video and VHF amplifiers 
DC voltage in high impedance circuits 

and VHF voltages 

ALL-PURPOSE TEST INSTRUMENT 
MEASURES TO 700 MC 

BECAUSE of the tremendous number of tasks it will 
perform, the 410B High Frequency Vacuum Tube 
Voltmeter can play a uniquely valuable role in any 

laboratory, broadcast station, or production test depart- 
ment. I t  combines in one instrument an ac voltmeter cover- 
ing the frequency range from audio to radar frequencies, 
a dc voltmeter with 122 megohms input impedance, and 
an ohmmeter capable of measuring resistance from 0.2 
ohms to 500 megohms. In  addition, it is easy to use, com- 
pact, portable, and light in weight. 

A special probe, employing a new, radically different 
diode especially designed for Hewlett-Packard, is used for 
making ac measurements. T h e  resonant frequency of the 
diode is approximately 1800 mc, and the shunt capacity is 
extremely low. Mounted in the probe, it places a capacity 
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of approximately 1.5 ppfd across the circuit under test. 
t o t a l  input impedance at  low frequencies for ac measurements 

is 10 megohms shunted by this capacity. 

I he 410B employs a high impedance dc voltmeter 
having a special circuit developed by - h p -  engineers. l t s  
outstanding feature is low drift and maintenance of cali- 
bration over long periods of time. Only one zcro adjust- 
ment is neccssary for all voltage ranges, and once set i t  

rarely needs adjustment. This  circuit permits the use of a 
1 ma meter niovemeiit which together Ivith certain featui-es 
of the circuit itself makes it impossible to darnage the meter 
by overloads. Input impedance for dc nieasurements is 122 
niegohnis for all ranges. 

USES 
?. 1 he versatility of the 410B is so great that the number 

of uses to which it may be put is almost endless. As an 
ohmmeter it will accurately measure resistance over a 
much wider range than is ever ordinarily encountered. As 
a dc voltmeter, its extremely high input impedance permits 
its use on almost any equipment without any appreciable 
loading of the circuit . 

Figure 1. Construction details of new -hp- diode prohe. 

As an ac voltmeter, its combination of high input imped- 
ance with great frequency range sets altogether new stand- 
ards of performance. T h e  probe can be inserted in almost 
any audio. supersonic, radio, or VHF amplifier without 
detectable loading of the circuit. I t  can be used to measure 
antenna and transmission-line voltage, current, and power 
with as much ease and convenience as i f  the circuits carried 
dc. Special adaptors can be supplied for use with the probe 
to connect to standard transmission lines. 

Finally, the fact that all these functions are combined in 
one instrument means that where previously a whole bat- 
tery of equipment might be required to test a given piece of 
apparatus, the 410B. in one small, convenient, and highly 
portable instrument, does the whole job. Leads are pro- 
vided for all functions so that it is necessary only to change 
the position of switch for selecting any particular opera- 
tion. Storage space for leads arid probes is provided at the 
rear of the instrument cabinet. 

SPECIFICATIONS 

Ranges: 0-300 v ac in 6 ranges; 0-1000 v- dc in 7 ranges; 
0.2 ohm to 500 megohms in 7 ranges. Midscale reading 
of 10, 100, 1,000, 10,000, 100,000 ohms, 1 megohm, 
and 10 megohms. 

Accuracy: i 3  % of ful l  scalr on all ranges on sinusoidal 
xc voltages and on dc voltages. 'I'hc ac portion of tlic 
instrument is :I peak-reading device, calibrated ill rms 
volts. 

Frequency Response: Frequency response is flat within 
db to 700 mc and drops off lrss than 1 db at 20 

cps. Probe resonant frequency is about 1,800 nic, and 
an indication can be obtained u p  to 3,000 mc. (See 
1;igio-c. 2.) 

Figure 2 

Input Impedance: Input capacity i s  1.5 ppfd ; input 
resistance is 10 megohms at loiv frequencies At  high 
frequencies resistance drops off due to dielectric losses. 
See Figure 2.) DC input resistance is 122 megohms 
for all ranges. 

Probe: 'l'he probe is approxiniately I" diameter and 4%" 
long. I t  is equipped with a ground clip. T h e  center con- 
nector of the probe may be soldered to the point under 
test. Adapting connectors arc available to measure volt- 
ages in coaxial transmission lines 

Power Supply: 115/230 volts i 10748, 50/60 cycles, 40 
n-a t ts. 

Mounting: Gray panel. TVrinklr gray finish metal case. 
Size: 10%" high, 7" wide, 635" deep. 

Net TYeight : 12 pounds. Shipping IVright : 15 pounds. 

I l n t n  sul/jcc.t t o  chnngr uiithout noticr. 

37 



VACUUM TUBE 
VOLTMETER 

(PORTABLE) 

MODEL 404A 

FOR MEASUREMENTS WHERE AC 
POWER IS NOT ‘AVAILABLE 

BETWEEN the frequencies of 2 cps and 50 kc, this 
light, easy to handle -hp- portable voltmeter provides 
highly accurate measurements in applications where 
an ac power source is not available. T h e  voltage 

range is 0.001 to 300 volts, amply broad for a wide variety 
of measurements including remote broadcast line and car- 
rier current checks, strain gauge system tests, geophysical 
and telemetering circuit measurements, and many others. 
In  the laboratory it also offers completely hum-free meas- 
urements of very low noise level, and may be used as a 
standard amplifier of 60 db gain. 

BATTERY OPERATED 
This  convenient new -hp- portable voltmeter operates 

from standard flashlight and 45 volt batteries. I t  is simple 
to operate, requiring no adjustment during use. Voltage 
ranges are selected with a single switch and no precautions 
are required. T h e  voltmeter is well protected against over- 
loads up to 100 times normal. T h e  meter responds to the 
average value of a full wave. Waveform errors are mini- 
mized and there is no turnover. Operation is virtually 
independent of tube or battery aging, or external conditions. 

SPECIFICATIONS 
Voltage Range: 1 1  ranges: .003, .01, .03, . l ,  .3, 1 ,  3, 

10, 30, 100 and 300 volts full scale. 
Calibration: Meter calibrated to read rms value of sine 

wave. Linear voltage scale, also db scale reading from 
- 4 2  to +52 dbm. 

Frequency Range: 2 cps to 50 kc. 
Accuracy: +3 % between 2 cps and 20 kc. 

Input Impedance: 10 megohms, all ranges, shunted by 
approximately 20 ppf. 

Meter Switch: Provides a large capacity across meter to 
prevent needle flutter a t  low frequencies. 

Amplifier: Switch removes meter from circuit, allowing 
balance of instrument to be used as a 60 db, +5 db 
gain amplifier. Maximum output voltage to open cir- 
cuit, 15 volts. 

*5% from 20 kc to 50 kc. 

Batteries: Filament : 5 No. 2 flashlight cells. 

Battery Life: 60 hours total, when used at  rate of 4 

Mounting: Welded dural case, gasketed cover. 
Size: 9%” x 10%’; x 9%’’ deep. Net Weight, including 

batteries, approximately 17 pounds. Shipping Weight 
30 pounds. 

Plate: 3 No. Z30NX Burgess or equal. 

hours per day continuously. 

D a t a  subject to  change wi thout  notice. 
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VOLTMETER ACCESSORIES 

EXTEND the usefulness of pour present - h p -  volt- 
meters with these new precision built - h p -  ac- 
cessories. Custom-designed for use with -hp- 

Models 400A, 400C or 410B Vacuum Tube  Volt- 
meters. Save time and work, simplify tedious jobs. 
Make fast, accurate measurements far beyond thr origi- 
nal range of your instruments. 

-hp- 453A Capacitive Voltage Divider 
For -hp- 410B Voltmeter. Increases range s o  transmitter volt 
ages can be measured quickly, easily. Accuracy * I % .  
Division ratio, 1OO:l. Input capacity approx. 2 ppf. Max. 
voltage 2,000 v. For  frequencies 10 kc and  above. 

-hp- 455A Probe Coaxial 
“T” Connect or 

For -/I$- 410B Voltmeter Measures 
voltages bLtween centei conductor 
and  qheath of 50 ohm ttansmi\sion 
line. Maximum standing wave ratio 
1 to 1 1  a t  500 mc;  1 to 1.2 a t  1,000 
mc. Malc and female type “N” 

-hp- 459A DC Resistive Volfage Multiplier 

For -hp- 410B Voltmeter. Gives maximrim safety and  conveii- 
ience for measuring high vnltages as  in television receivers, 
etc. Accuracy * 5 % .  Multiplication ratio 100:l. Input itn 
pedance 12,000 megohms. Max.  voltage 30 k r .  Max.  current 
drain 2.5 microamperes. 

-hp- 452A Capacitive 
Voltage Divider 
For - / I $ -  400C and 410B VTVM’s. 
Safely measures power voltages to 
25 k v .  Accuracy t 3 ‘ 7 c .  Division 
ratio 1000:l. Input capacity 1 5  ppf 
*l .  Max. voltage ratings a t  60 
cps, 2s k v ;  100 kc, 22 k v ;  1 mc, 
20 k v ;  10 mc, 15 k v ;  20 mc, 7 tr. 
Us ab  1 e f o r  d i e  1 ect r ic he  a t  i ng,  
power and  supersonic voltages. 
452-95A Adaptor: T o  connect 
-hp- 410B probe to shielded con- 
nector of -/?$- 452A. 

-hp- 458A Probe Coaxial “N“ Connector 
For -hp- 410B Voltmeter. Measures volts a t  open end of 50- 
ohm ti  Transmission line. ( N o  terminating r e s i s to r  Uses female 
t> pe “ N ”  fitting. 

-hp- 470A-470F Shunt Resistors 
For -/I$- 400A or  400C Voltmeters, to 
measure currents as small as 1 pa full 
scale. Accuracy * l% to 100 kc, * S %  
to 2 mc (470A, * 5 %  to 1 mc) .  Max.  
power dissipation 1 watt. 

Instrument Value 
-h$- 470A . . . . . . . .  0.1 6! 
-/2$-470B . . . . . . . .  1.0 f! 

-/2$-470D . . . . . . . .  100 fl 
-hp-470E . . . . . . . .  600 fl 
-h$-470F . . . . . . . .  1,000 

-/zp-470c . . . . . . . .  10.0 f! 

-hp- 454A Capacitive Voltage Divider 
For -11p 400C Voltmeters. 
S a f e  measure  p o w e r .  
audio, supersonic and rf 
voltage\. Accuracy * 
Division ratio, 100:l. In  
pu t  i m p e d a n c e  50 m e q  
o h m \ ,  reci5tive \ h u n t t d  
w i t h  2.75 ppf capac i ty .  
M,rx. Toltage, 1,500 v. 
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AMPLIFIER 
SPECIFICATIONS 

-hp- 450A Amplifier 
Gain: 40 db * 
Frequency Response: A t  40 db gain: within +% db  between 

10 and 1,000,000 cps; within * 1 db between 5 and 2,000,000 
cps. At 20 db gain:  within *% db between 5 and 1,000,000 
cps; within * 1 db between 2 and 1,200,000 cps. 

Stability: +2% with approximate line voltage variation 105 - 
125 volts and normal change in tube characteristics. 

Input Impedance: 1 megohm shunted by approx. 15 ppf. 

Output: 10 volts maximum to 3,000 ohms or higher resistive 
load. 

Internal Impedance: Less than 150 ohms over entire range. 
Distortion: Less than 1% at rated output. 

Equivalent Input Noise Level: 40 db  gain, 40 microvolts ap- 

Power supply: 115/230 volts *lo%, 50/60 cycles, 40 watts. 
Mounting: Metal case, leather carrying handle. 

Size: 7%" wide, 5%" high, 9%" deep. Weight:  10 pounds. 

db or 20 db * % db (Panel Switch). 

proximate ; 20 db gain, 250 microvolts approximate. 

Shipping Weight:  20 pounds. 

Data subject to change without notice. 

-hp- 451A BRIDGING AMPLIFIER 
This new -hp- instrument is a bridging amplifier for 

connecting into high impedance circuits without disturb- 
ing operating conditions. T h e  83-megohm impedance 
probe readily connects to any point in a circuit. T h e  am- 
plifier repeats the voltage accurately and without distor- 
tion, for operation of vacuum tube voltmeters, distortion 
analyzers, oscilloscopes, etc. T h e  instrument has a fre- 
quency range of 20 cps to 1 mc. 

MODEL 450A 

GENERAL-PURPOSE AMPLIFIER 
20 DB OR 40 DB GAIN 

HE -hp- Model 450A Amplifier is ideal as a gen- 
eral purpose instrument wherever wide frequency 
range and stable gain are essential. T h e  instru- 

ment has an extremely stable 20 db or 40 db gain over a 
continuous frequency range of 10 cps to 1,000,000 cps. 
Either gain may be quickly selected with a toggle switch 
on the front panel. 

T h e  amplifier is resistance-coupled and does not use 
peaking or compensating networks. Optimum performance 
is obtained entirely from a straightforward amplifier de- 
sign in combination with inverse feedback. Phase shift is 
negligible, and there are no spurious oscillations or reson- 
ances. 

USES 
T h e  -hp- 450A Amplifier may be used separately for 

almost any amplification job or in conjunction with the 
-hp- 400A Vacuum Tube  Voltmeter. 

When used with the 400A Voltmeter, the 450A Ampli- 
fier increases voltmeter sensitivity 100 times at 40 db gain 
(300 microvolts full scale). At  20 db gain, the voltmeter's 
sensitivity is multiplied 10 times ( 3  millivolts full scale). 
Both amplifier and voltmeter have identical base sizes. 
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AMPLIFIERS 

! 

HEWLETT - PACKARD offers 
four different amplifiers cov- 
ering a wide variety of meas- 
uring requirements. These 

amplifiers provide good stability, low 
distortion and wide frequency range. 
I hey are fundamentally designed for 
measurement purposes such as to in- 
crease the sensitivity of voltmeters, 
nul l  detectors, cathode ray oscillo- 
scopes, etc. They may he used to am- 
plify sinusoidal voltages or voltages 
having steep wave fronts. 

General-Purpose Amplifier 
- h p -  450A Amplifier (opposite 

page) is a general-purpose instrument, 
usable wherever wide frequency range 
and stable gain are desired. Because 
of a large amount of feedback, the in- 
strument has an extremely stable 20 
or  40 db gain over a continuous fre- 
quency range of 5 cps to 1 mc. In  
addition, it can he used up to 3 mc 
with some sacrifice in gain and stabil- 
ity. When used with -hp- VTVMs 
such as -hp- 400A, the amplifier in- 
creases voltmeter sensitivity and pro- 
vides a convenient method of measur- 
ing very small voltages. -hp- 450A can 
also be used as a pre-oscilloscope am- 
plifier or as an amplifier for a crystal 
mixer, bridge-detector systems, etc. 

Bridging Amplifier 
-hp- 451A Bridging Amplifier is fun- 

damentally an impedance transformer. 
I t  is designed to provide a shielded 
cable with low capacity and high re- 
sistance input to the point of measure- 
ment, thereby preventing hum and 
electrostatic field pickup. Model 451A 
covers a frequency range of 20 cps to 
1 mc and has a low impedance output 
system to which distortion analyzers, 
vacuum tube voltmeters or  oscillo- 
scopes may be connected simultane- 
ously to observe voltage magnitude. 
percentage distortion, waveshape and 
frequency, etc. (Figure 2, page 33.) 

T h e  input system does not de-tune 
or load the circuit under test, and the 
unknowm signal is repeated at  the out- 
put with no loss in gain, increase in 
distortion, or  shift in phase. 

Distributed Amplifiers 
-hp- 460A and 460B Distributed 

Amplifiers (page 42) are wide-range 
amplifiers providing distortion - less 
pulse amplification. They combine ex- 

, ?  

tremely short rise time with zero 
overshoot. 

These instruments are employed to 
amplify pulses in the order of 0.01 
microsecond. They provide suitable 
output for operating scalers or coinci- 
dence devices, or investigating charac- 
teristics of pulse circuitry in nuclear 
work or television, UHF and VHF 
networks. They increase sensitivity of 
oscilloscopes and voltmeters and are 
useful for other amplification pur- 
poses up to 200 mc. Response is sub- 
stantially constant down to 100 kc. 
Where  necessarv, response can he 
made constant down to audio fre- 
quencies. 

Operating Techniques 
- h p -  460A is a voltage amplifier 

having approximately 20 db gain with 
a maximum output of 8 volts into an 
open circuit. This is sufficient to oper- 
ate scalers, etc., but provides only a 
very sinal1 deflection on a cathode-ray 
tube. Model 460B is a wideband am- 
plifier designed to supply a maximum 
of 125 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 amplifiers to provide a 
high-gain pulse amplifier with very 
rapid rise time and zero overshoot 
(see Figure 1). 

Cascading Amplifiers 
IYhen cascading amplifiers, consid- 

eration must he given to the polarity 
as well as the amplitude of pulse to be 
amplified. Model 460B, unlike model 
460A, consists of a single stage and 
will invert the polarity of the applied 
pulse. Hence an additional model 
460B can he used to invert the polar- 
ity whenever it is necessary to do so. 
For maximum deflection on the cath- 

V 

ode-ray tube, the set-up must he ar- 
ranged so that the input to the last 
amplifier is positive and of approxi- 
mately 8 volts peak amplitude. This 
can he achieved by preceding the final 
460B with another 460B. 

I he rise time of amplifiers in cas- 
cade is greater than that of a single 
amplifier by T x ( n ) % ;  where n is 
the number of 460 amplifiers in the 
system and 7' is the rise time of one 
460 amplifier (2.6 x 1 0 P  seconds.) 
In  addition, the rise time of the RC 
combination formed by the capacity of 
CRT deflection plates and the inter- 
nal impedance of the 460B (200 
ohms) should be considered. T h e  rise 
time of a type 5XP-tube driven from 
a 200-ohm source is approximately 
2 x seconds. ( A  chain of five 
-hp- 460 amplifiers with a 5XP CRT 
will result in a rise time of 6.1 x 10-o 
seconds.) 

Noise Consideration in 
Amplifiers 

r ,  

In  all amplifiers a certain degree 
of noise is present. This noise is gen- 
erated by such effects as thermal agi- 
tation, ionization and secondary emis- 
sion in electron tubes. 

In distributed amplifiers the noise 
factor is proportional to l / V n  where n 
is the number of tubes in the first 
stage. Therefore, -hp- Model 460B 
has relatively less internall!.-generated 
noise than -hp-  460A (460B has 13 
tubes in the input stage while 460A 
has only 5 ) .  Model 460B should thus 
be used to start a cascaded chain when 
extremely small signals are to be ex- 
amined. T h e  noise factor of 460B is 
approximately 6 db; 460A is 10 db. 

T h e  noise level of -hp- 450A Am- 
plifier is approsimately 40 microvolts 
when operated at 40 db gain. This 
produces a noise output of 4 millivolts 
when using one amplifier or 0.4 volts 
when two - h p -  450A Amplifiers are 
cascaded. 

U 

Figure 1. Typical cascading of 460A/B Amplifiers to give 
approximately 70 db gain and 125 volt pulse output. 
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ADVANTAGES: 

20 db gain-up to 90 db in cascade 
True  amplification of millimicrosecond pulses 
Rise time .0026 psec 
No ringing or overshoot 
125-volt open circuit output 
Response follows Gaussian curve 

USES: 

Fast-pulse nuclear work 
T V ,  V H F ,  U H F ,  S H F  research 
Simplifies measurement of small outputs 
100 mc pre-amplifier for oscilloscope 
Increases V T V M  sensitivity 10 times over 

General laboratory amplifier 
200 mc range 

WIDE-BAND 
AMPLIFIERS 

MODEL 460A/B 

WI DE-BAN D DISTORTION-FREE 
FAST-PULSE AMPLlFlERS 

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. 

-A$- 460A Wide-Band Amplifier is fundamentally to 
provide voltage gain. (Approximately 20 db.) I ts  com- 
panion equipment, -hp- 460B, is designed as a terminal 
amplifier to give maximum voltage or power output. -hp- 
460B in cascade with -hp- 460A will amplify up to 125 
volts open circuit (limited duty cycle). This  permits full 
deflection of 5XP cathode ray tubes, or 2-inch deflection 
of 5CP tubes. T h e  amplifier’s ultra-short rise time of 
.0026 psec, combined with zero overshoot, insures distor- 
tion-free amplification of pulses faster than 0.01 psec. -hp- 
460B cascaded with 460A provides linear amplification of 
16 volts peak output; and with two 460B, pulse amplifica- 
tion of 125 volts is available. (Slight non-linearity, see 
Figure 3.) This  unusual combination gives maximum use- 
fulness for fast-pulse nuclear radiation problems, televi- 
sion, V H F ,  UHF or S H F  work. It also means the band- 
width of your standard oscilloscope can be increased to over 
100 mc, and voltmeter sensitivity multiplied by 10. In  
cascade or singly, the amplifiers offer still further conven- 
ience as general-duty wide-band amplifiers for all types 
of laboratory problems. 

OPERATION 
-hp- 460A represents a new type of amplifier with a 

very wide transmission band-approximately 200 mc. T h e  
equipment has two stages of 5 and 7 tubes, respectively. 
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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 reinforced at each successive plate. 

1 he 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. 

- h p -  460B operates on a similar principle except that it 
consists of one long amplifier chain or a single stage pro- 
viding maximum power and voltage output but somewhat 
lower gain (approx. 15 db) .  

T h e  precise accuracy with which this equipment ampli- 
fies very fast pulses can be seen in Figure 1. T h e  view at 
left ( a )  shows a 0.01 psec pulse applied through one -hfi- 
460B Amplifier. T h e  view at  right shows a 0.02 psec 
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. T h e  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 - h p -  
410B (see pages 36, 3 7 )  to increase voltmeter sensitivity 
up to 10 times. In this combination, accurate readings are 
easily made of voltages as small as .01 volts, at frequencies 
from 200 kc to 200 mc. 

r. 

200-OHM COAXIAL SYSTEM 

Since the best interconnecting impedance le\ el for these 
amplifiers is 200 ohms, -hp-  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 50-0hIn 
Type N system and a special adapter for use with -hp-  410B 
Vacuum Tube  Voltmeter. (See Specifications for details.) 

Figure 1. ( a )  0.01 psec pulse through -hp-  460B Amplifier. 
( b )  0.02 p\ec pul5e through 3 amplifiers in cascade. 

Figure 2. Typical response of 460A Amplifier working into ( B )  
resistive load a n d  ( A )  u\ing -hp- 410B Vacuum T u b e  Voltmetei 
( C )  Gaii\5ian cuive. 

SPEC I FI CAT1 ON S 

-hp- 460A Amplifier 
Frequency Response: N i g h  frrqucnc.y+losely matches Gaussian 

curve when operating into a 200-ohm resistive load. 3 db point 
is 140 mc. L o w  freyurncy-when operating from a 200-ohm 
snurce and .O1 pf blocking condenser, frequency response off 
3 db a t  3 kc into a n  open circuit or succeeding amplifier. When 
operating into a 200-ohm load, off 3 db a t  100 kc. With -h$- 
410B V T V M :  * 1 db, 200 kc to 200 mc. 

Gain: Approximately 20 db into 200-ohm load. Gain cnntrol has 
range of 6 db. 5 amplifiers may be cawaded. 

Output :  Approx. S v peak open circuit. Output impedance, 200 
ohms. 

Input Impedance: 200 ohms. 
Noise Factor: Less than 10 dh. 
Delay Charac t e r i s t i c s :  Approx. ,014 p'e: 

Rise Time: Approx. ,0026 psec (10% to 905G a m p l i t u d e  N.1 

Mounting: Relay ]rack: 554' '  x 19", panel 6 

N e t  Weight :  11 pnunds. Shipping Wcisht ,  26 p,)untl\. 
P o w e r  Supply: 115 v *10 v, 50/60 cps (.;elf contained), 

35 watts. 

appreciable overshr3ot. 

-hp- 460B Amplifier 
(Same as 460A except as follows :) 

Gain: Approximately 15 dh into 200-ohm load. 
Output :  Linear Amplifier-Approxirnately S volts peak into a 

Pulse Amplifier-Approximately 125 volt.: negative peak into 

Input: Impedance 200 ohms ( + S  volts input required for -125 

Duty Cycle: 0.10. Higher duty cycles may be employed at  sacri- 

Delay Character is t ics :  Approx. .010 p 

Noise Factor: Less than 6 db. 

200-ohm load or 16 volts peak into open circuit. 

open circuit (unilateral pulse operation). 

volt output). 

fice of output voltage. 

-hp- 46A Accessories 
-hp- 46A-16A Patch  Cord-200 ohm\, 2' long. 
-hp- 46A-16B Patch  Cord-200 ohms, 6' long. $25.50. 
-hp- 46A-95A Panel Jack-For 200-ohm cablcs, I ( J W  cnpacitance. 

-hp- 46A-95B C a b l e  Plug-For 200-ohm systems. 
-hp- 81  2-52 Cable-200-ohm cable in length to specification. 

-hp- 46A-95C 50-Ohm Adaptor-Type N connrctor for coupling 

-hp- 46A-95D Adaptor-Bayonet sleeve for connecting -h$- 41013 

-hp- 46A-95E C o n n e c t o r  Sleeve-Joins two 46A-95B Cable 

-hp- 46A-95F Adaptor-For connecting to 5 XP CRT. 
-hp- 46A-95G Adaptor-For connecting to Tektronix type 51 1 

$15.50 

$7.50. 
$7.50 

Per  foot $1.75. 

50-ohm line into -hp- amplifiers. $15.00. 

V T V M  to output of 460A amplifiers. $15.00. 

Plugs. $7.50. 
$10.00. 

oscilloscope. $12.50. 

L 

Figure 3. Linearity of 460B Amplifier. 

L 

Figure 3. Linearity of 460B Amplifier. 
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FREQUENCY MEASURING 

4850 
ET MOUNT- 

Y MEANS of electronic circuits, 
frequencies can be added, sub- 
tracted, multiplied and divided 
with mathematical exactness. 

When such circuits are used in con- 
junction with a high-quality frequency 
standard, measurements can be made 
whose precision approaches that of the 
standard to any desired degree. 

Since a standard of frequency is by 
definition also a standard of time, 
frequency standards and measuring 
instruments are used in every branch 
of science and engineering where these 
quantities are considered. T h e  com- 
plexity and precision of a frequency 
measuring instrument depends largely 
upon its application. 

Frequency Standard 
Until recently, the problem of ob- 

taining standardized, precisely-known 
frequencies has been solved by the use 
of elaborate and expensive primary 
frequency standards whose frequency 
is established by constant checks against 
standard time. However, the reliabil- 
ity and convenience of standardizing 
with Bureau of Standards transmis- 
sions (Station WWV) have resulted 
in the recent widespread use of more 
economical secondary standards as a 
source of accurate frequency. -hp- 
Model 100D Secondary Frequency 
Standard (page 46) has been devel- 
oped with this trend in mind. 

This instrument contains a pre- 
cision crystal oscillator which may 
easily be standardized against Station 
WWV. Five sinusoidal standard fre- 
quencies-100 kc, 10 kc, 1 kc, 100 
cps, and 10 cps-are generated and 
the four lower frequencies are also 
available in rectangular waveshape. 
All of these frequencies are accurate 
to within a few parts in a million. 
A self-contained oscilloscope provides 
means of calibrating signal sources 
operating in the range from subsonic 
to radio frequencies by means of Lis- 
sajous figures. (Figure 2A. )  Har- 
monics as high as 5 mc can be obtain- 
ed from the rectangular waves; and 
are useful in calibrating receivers 
(Figure 2B) or calibrating signal 
sources by zero-beat methods (Figure 
2C). This range can be extended by 
the use of multipliers. 

SCOPE 

Mixer 
T h e  preceding measuring methods 

involve frequency multiplication and 
division and are generally limited to 
calibrating variable sources or receiv- 
ers because the unknown frequency 
must bear some integral relationship 
to the standard. This limitation, how- 
ever, can be overcome with the aid 
of a mixer which will perform the 
functions of addition and subtraction. 
-hp- 510A Mixer (page 51) consists 
of two identical input amplifiers, a 
balanced mixer, and an output ampli- 
fier with a continuously variable low- 
pass filter characteristic. 

T h e  output signal will contain both 
the sum and difference of the two 
input frequencies, although the out- 
put circuit is usually adjusted to at- 
tenuate the higher frequency. -hp- 
510A has an input frequency range 
of 20 cps to 200 kc, and can be used 
to great advantage with the 100D. 

Figure 2D shows how -hp- 510A 
can produce a difference frequency 
between that of a signal source and 
standard frequency from the 100D. 
This difference frequency is then 
measured by Lissajous comparison 
with another standard frequency on 
the 100D oscilloscope. 

-c- 4850 

HARM 0 N C 
GENERATOR 

Figure 1. Equipment Used to Calibrate 
Waveguide Frequency Meters. 

Interpolation Oscillator 
T h e  mixer - standard combination 

finds its greatest usefulness when an- 
other instrument is added to measure 
difference frequencies. This  instru- 
ment should be direct reading and 

EQUIPMENT 

calibrated accurately enough so that 
its error in indicating a small differ- 
ence frequency will not materially af- 
fect the accuracy of the measurement 
as a whole. 

One  instrument ideally suited to 
this purpose is the -hp- 2001 Interpo- 
lation Oscillator (page 9 ) .  This in- 
strument covers the frequency range 
6 to 6,000 cps with a bandspread per- 
mitting a maximum of readability. Its 
use is illustrated by Figure 2E where 
an unknown frequency and a standard 
frequency from -hp- 100D are con- 
nected to -hp- 510A inputs. T h e  dif- 
ference frequency obtained from the 
510A is then connected to one set of 
plates on the 100D oscilloscope while 
the 2001 output is connected to the 
others. When the 2001 is tuned for a 
one-to-one Lissajous pattern the dif- 
ference between the unknown fre- 
quency and the standard frequency 
(or harmonic) from the 100D can be 
read directly from the 2001 dial. 

Frequency Meter 
-hp- 500A Electronic Frequency 

Meter (page 50) is a complete meas- 
uring instrument in its own right 
which can also be used to measure dif- 
ference frequencies as indicated in 
Figure 2F. This  instrument is based 
on RC pulse integrating circuits and 
provides direct meter indication of 
frequencies from 10 cps to 50 kc in ten 
convenient scale ranges. It is suitable 
for laboratory and production meas- 
urements at  audio and supersonic fre- 
quencies. 

T h e  set-up shown in Figure 2F is 
particularly suited to crystal grinding 
work, where it can be used to measure 
frequency deviation from standard 
quickly and accurately. Similarly, it 
can be used to measure oscillator and 
transmitter frequency stability, al-  
though this latter function is perform- 
ed better by instruments such as -hp- 
335 Monitors (page 48). 

Tachometer 
-hp- 505A and 505B Electronic 

Tachometers are natural develop- 
ments from the 500A. These instru- 
ments are calibrated in RPM and 
RPS respectively, and can be used 
with photocell or magnetic pickups to 
provide a straight-forward method of 
measuring the speed of rotating parts, 
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Frequency Counter 
-hp- instruments previously describ- 

ed have the advantage of low cost and 
wide adaptability to a variety of sys- 
tems and afford very accurate meas- 
urements over a wide range of fre- 
quencies. Those systems which involve 
Lissajous or zero-beat methods are 
capable of measuring the frequencies 
of small signals in the presence of con- 
siderable noise because they make use 
of the discriminating sense of the op- 
erator. However, those systems which 
provide the greatest accuracy over a 
wide frequency range may involve 
considerable equipment and are usu- 
ally operated by trained personnel. 

-hp- 524A Frequency Counter over- 
comes these disadvantages by employ- 
ing a completely different approach 
to the frequency measuring problem. 
This instrument measures automatic- 
ally and displays for direct reading 
the unknown frequency. Over most of 
its range from .01 cps to 10 mc its 
accuracy is essentially that of a sec- 
ondary standard. 

T h e  instrument contains a precision 
crystal oscillator which can be readily 
standardized against WWV trans- 
missions. For this reason the 524A 
Frequency Counter is regarded as a 
new type of secondary frequency 
standard that has the advantages of 
displaying the measured frequency 
directly. T h e  direct comparison of the 
unknown frequency and the standard 
is accomplished by pulse counters. 

T w o  types of measurements can be 
made with the 524A. For frequencies 
above about 300 cps the best accuracy 
is obtained by counting the number of 
cycles of the unknown which occur in 
a time interval precisely set by the fre- 
quency standard. T h e  result is then 
displayed directly in cycles-per-second. 
T h e  accuracy obtainable by this meth- 
od is that of the precision standard 
k . 1  cps for a 10 sec. count. For lower 
frequencies the process is reversed and 
the standard frequency is counted for 
a period equal to ten cycles of the un- 
known. T h e  period of the unknown is 

then displayed in microseconds with 
an accuracy of k.03%. 

T h e  simplicity of the instrument’s 
operation is worthy of special men- 
tion. When an unknown is connected 
to the input terminals, the measured 
frequency is displayed automatically 
on meters and illuminated numbers. 
This feature, together with the wide 
range and accuracy of the 524A has 
made it an invaluable tool for pro- 
duction line measurements as well as 
general laboratory use. 

Its frequency range can be extend- 
ed to well above 10 mc by means of a 
stable, harmonic producing signal gen- 
erator whose fundamental frequency 
is less than 10 mc and is continuously 
monitored by the 524A. Such a set-up 
(Figure 1) is essentially a variable fre- 
quency standard of extremely wide 
range. This system has been used in 
production measurements to above 10 
kmc. Wavemeters described in the 
microwave section of this catalog are 
calibrated by this method. (For fur- 
ther information : -hp-  Journal Vol. 
3, No. 5-6).  

RECEIVER 100 D/C 
FREQUENCY STANDARD 

RECEIVER SIGNAL 
SOURCE FREQUENCY STANDARD 

MIXER 
FREQUENCY STANDARD 

INTERPOLATION 
MIXER D OSCILLATOR 

FREQUENCY STANDARD 

I 

FREQUENCY STANDARD MIXER 500 A 
FREQUENCY METER 

Figure 2. Frequency Measuring Set-ups. U n k n o w n  Frequency.) 
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ADVANTAGES: 

Sine or rectangular waves 
100 psec time markers 
Built-in oscilloscope 
Stability 1/1,000,000 
Low output impedance 
Controlled frequencies: 100 kc, 10 kc, 

1 kc, 100 cps, 10 cps 

USE IT TO: 

Perform most functions of expensive 

Establish standard frequencies 
Calibrate audio oscillators 
Calibrate supersonic or rf oscillators 
Check transmitter stability 
Check oscillator stability 
Measure short time intervals 
Provide time standard 

primary standards 
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SECONDARY 
FREQUENCY 
STANDARDS 

MODEL 100 , 

GENERATES 5 STANDARD FREQUENCIES 
FOR SWIFT, SURE COMPARISON 

TODAY, nearly every electronics or communication 
establishment is confronted with the problem of 
obtaining standardized, precisely-known frequen- 

cies for use in determining unknown frequencies. Until 
recently, this problem has been solved by the use of elabor- 
ate and expensive primary frequency standards whose fre- 
quency is established by constant checks against standard 
time. However, the reliability and convenience of stan- 
dardizing with Bureau of Standards transmissions (Station 
WWV) have resulted in the recent widespread use of 
more economical secondary standards as a source of accu- 
rate frequencies. 

T h e  Model 100D Secondary Frequency Standard has 
been developed with this trend in mind. T h e  instrument 
may be standardized against Station WWV without the 
use of additional equipment other than a standard audio 
oscillator and a communications receiver. Thus  the instru- 
ment provides most of the advantages of a primary stand- 
ard, a t  much lower cost. 
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Figure 1. Block diagram of circuit, Model 100D. 

SINE OR RECTANGULAR FREQUENCIES 
Five sinusoidal standard frequencies-100 kc, 10 kc, 

1 kc, 100 cps and 10 cps-are generated by Model 100D. 
I n  addition, the equipment also generates rectangular 
waves a t  all the above frequencies except 100 kc. Harmon- 
ics as high as 5 mc can be obtained from these rectangular 
waves for measurement purposes. 

I n  addition, the instrument also provides marker pips at  
100, 1,000 and 10,000 microsecond intervals. (See  Figure 
2.) A self-contained oscilloscope further contributes to 
convenience in standardizing the instrument. It provides 
a visual check of the division ratio and is useful in calibrat- 
ing audio oscillators and other supersonic or rf equipment 
by means of Lissajous figures. 

CIRCUIT DESCRIPTION 
T h e  block diagram in Figure 1 shows the circuit arrangr- 

ment of this Secondary Frequency Standard. A crystal- 
controlled oscillator operating at  100 kc controls the sta- 
bility of all frequencies generated by the instrument. T h e  
frequencies of 10 kc, 1 kc, 100 cps and 10 cps are obtained 
from four 1O:l cascaded frequency dividers driven by the 
100 kc crystal-controlled oscillator. Each divider operates 
its own isolating amplifier so that all sine waves and rec- 
tangular waves generated are available for external use 
simultaneously. 

CRYSTAL OSCILLATOR 
T h e  oscillator is a modified Pierce circuit using a very 

low-temperature coefficient crystal. Housing for the crystal 
is a double-chamber oven, temperature controlled by a 
mercury thermostat having a differential of 0.1”C. Con- 
trol of the oven and stability of the crystal are such that 
an over-all accuracy within approximately 2/1,000,000 is 
provided over an interval of one week. 

I 1 
10,000 

Figure 2. Timing comb, Model 100D. 

SPEClFICATIONS 

Model 100D 
Accuracy: About 2 parts per million per week, at  nor- 

Stability: About 1 part per million over short intervals. 

Panel Control: Panel trimmer allows oscillator fre- 
quency to be varied over a range of approximately 
cps for correction purposes. 

mal room temperatures. 

Voltage Output: Sinusoidal output 5 volts into 5,000 
ohms or higher load. Internal impedance approximately 
200 ohms. 

Distortion: Less than 4% when operating into 5,000 
ohms or higher load. 

Frequency Output: Controlled frequencies : 100 kc, 
10 kc, 1 kc, 100 cps, 10 cps. Sine or rectangular waves. 

Marker Pips: Generated at intervals of 1 0  psec. A 
pip of double amplitude is generated every 1,000 psec; 
and a pip of triple amplitude every 10,000 psec. 

Oscilloscope: Integral with circuit. Establishes 10 :1 
Lissajous figures to show division ratio. May be used 
independently of standard. 

Frequency Shifting Circuit: Panel push-button lowers 
oscillator frequency by approximately 1 cps at  100 kc 
(50 cps at  5 mc) to aid in frequency measurements. 

Rectangular Waves: 4 waves, generated corresponding 
to 10 kc, 1 kc, 100 cps and 10 cps. Harmonics up to 5 
mc obtainable from 10 kc waves. Corresponding har- 
monics obtainable from other waves. 

Power Supply: 115/230 v + lo%,  50/60 cps, 150 

Mounting: Cabinet or relay rack. 

Size: 19” x 10%“ x 12” deep. Net Weight 35 pounds. 
Shipping Weight 80 pounds. 

watts. 

Data  subject to change without  notice. 

-hp- MODEL l00C 
Model l00C Secondary Frequency Standard is a sim- 

plified instrument providing the basic operating features of 
Model 100D. It is for use where somewhat less accuracy 
is acceptable. It provides 4 sinusoidal frequencies, has an 
accuracy of *0.001% at normal room temperature. Like 
the Model 100D, it operates from a fully contained regu- 
lated power supply. 

T h e  Model 100C does not include a built-in oscilloscope 
or frequency shift circuit; nor does it supply timing mark- 
ers and rectangular waves. 

Accuracy: Within +0.001%, normal room temperature. 

Output: Controlled frequencies of 100 kc, 10 kc, 1 kc, 
and 100 cps. Internal impedance approximately 200 
ohms. 

Data subject to change without  notice. 
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FM 
MONITORS 

AND T V  

DEPENDABLE, ACCURATE FREQUENCY 
AND MODULATION MONITORS 

MODEL 335B Frequency and Modulation Meter 
monitors FM transmitters reliably, accurately, 
over long periods of time. No adjustments are 

necessary during operation, and because the instrument 
does not depend on a tuned circuit, it is not necessary to 
re-set the carrier level or re-align circuits. T h e  instrument 
is specifically designed to operate without adjustment week 
after week. I t  gives continuous indication of broadcast 
frequency and of modulation level at  all times, and has 
F.C.C. type approval. 

A low-temperature coefficient crystal, oscillating inside a 
temperature-controlled oven, provides a reference standard 
of approximately 5 mc. T h e  output of this crystal oscillator 
is multiplied 20 times, and mixed with the transmitter fre- 
quency to form a 200 kc intermediate frequency. This fre- 
quency is fed into electronic counter circuits, which meas- 
ure the intermediate frequency and thereby indicate the 

FREO.MONlTOU MOD. METER 

IN0 LAMP 

Figure 1. -hp- 335B Monitor. 
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MODEL 335/336 

carrier deviation. T h e  linear counter circuits also provide 
a measurement of percentage modulation as well as an 
audio output signal for measurement and monitoring pur- 
poses. (See Figure l .) 

T h e  electronic counter circuits are unusually stable, are 
independent of signal level, tube characteristics and tube 
voltages, and require no adjustment except a t  long inter- 
vals. T o  check the accuracy of the counter circuits, a 
crystal-controlled oscillator a t  200 kc is provided. This 
check is operated by a front-panel switch, and is usually 
only required at  one-week intervals. 

T h e  -hp- 335B includes provision for operation of a re- 
mote modulation meter, as well as a remote peak modula- 
tion indicator lamp. T h e  percentage modulation at  which 
the lamp flashes a warning is adjusted on the front panel. 

TV AURAL CARRIER MONITORS 

-hp- Model 335C Monitors are similar to Model 335B 
Monitors, but are designed for use in checking the aural 
carrier of television transmitters. They are adaptations of 
the Model 335B, with similar operating characteristics and 
advantages. They have been modified to meet frequency 
and deviation requirements of television service. 

Model 335C is designed for operation on T V  Channels 
2 through 13 inclusive. It is supplied complete with proper 
reference crystal matching frequency of customer’s trans- 
mitter. 



TV VIDEO CARRIER MONITORS 

- h p -  Model 336C Monitors are designed specifically to 
monitor television video carrier frequency and provide 
continuous direct deviation readings. Measurements are 
independent of carrier frequency level, line voltage, tube 
aging, video modulation or other factors. Instruments are 
compact, easy to install, and require no adjustment during 
operation. Circuitry is provided to check the level of the 
carrier sample fed to the monitor, to check tuning of ref- 
erence crystal oscillators and to calibrate frequency counter 
circuits. A frequency deviation test is also provided; and 
the reference oscillator may be varied over narrow limits 
to bring the monitor into agreement with an external fre- 
quency measurement. 

Model 336C is supplied for operation on television 
Channels 2 through 13 inclusive. 

-hp- MODEL 335B MONITOR 
FREQUENCY MONITOR 

Frequency Range: Any frequency, 88 mc to 108 mc. 
Supplied with crystal of frequency matching customer’s 
transmitter. 

Deviation Range: +3 kc to -3 kc mean frequency 
deviation. 

Accuracy: Deviation indicator accuracy better than 

RF Power Required: Approximately 2 watts. Operates 

+loo0 cps. ( - + . 0 0 1 ~ . )  

satisfactorily a t  levels above and below 2 watts. 

MODULATION METER 
Modulation Range: Meter reads full scale on modula- 

tion swing of 100 kc. Scale calibrated to 100% at  75 
kc; 133% at  100 kc. 

Accuracy: Within 5% modulation percentage over en- 

Meter Characteristics: Meter damped in accordance 
with F.C.C. requirements. Reads peak value of modu- 
lation peak of duration between 40 and 90 milliseconds. 
Meter returns from full reading to 10% of full value 
within 500 to 800 milliseconds. 

Frequency Response: Flat within -+% db from 50 to 
15,000 cps. 

External Meters: Provision is made for installation of 
remote meter having full scale sensitivity of 400 micro- 
amperes. Scale should indicate 100% modulation at  300 
microamperes. Extra meters can be supplied with unit. 

tire scale. 

PEAK LIMIT INDICATOR 
Peak Limit Range: From 50% to 120% modulation 

(75 kc 100%). Provision for external peak limit 
indicators. 

AUDIO OUTPUT 
Frequency Range: 20 cps to 20 kc. Response flat within 

2% db. Equipped with standard 75 microsecond de- 
emphasis circuit. 

Distortion: Less than 0.25% at 100% modulation. 

-hp- Model 336C 

Output Voltage: 10 volts into 20,000 ohms, a t  low fre- 

Noise: A t  least 75 db below audio output level resulting 

Monitoring Output: 1.0 mw into 600 ohms, balanced, 

Size: Front panel 10%” x 19”, 13” deep. Net Weight 

Power: 115 v k 1 0  v, 50/60 cps primary power. Re- 

quencies. (A t  100% modulation.) 

from 100% modulation at  low frequencies. 

at 100% modulation. (A t  low frequencies.) 

45 pounds. Shipping Weight, 95 pounds. 

quires approximately 165 watts. 

-hp- MODEL 335C MONITOR 

Frequency Range: 59.75 mc to 215.75 mc. Channels 2 

Deviation Range: +6 kc to -6 kc mean frequency 

Modulation Meter: Meter reads full scale on modula- 
tion swings of 33.3 kc. Scale calibrated at 100% at 25 
kc swing; 133% at  33.3 kc swing. 

Noise: Residual noise is 70 db below output level corre- 
sponding to 100% modulation. 

Other specifications same as Model 335B 

to 13 inclusive. 

deviation. 

-hp- MODEL 336C MONITOR 

Frequency Range: 336C, Channels 2 to 13 inclusive; 

Deviation Range: 336C, +IS kc to -1.5 kc frequency 

Accuracy: Deviation indicator accuracy better than 

RF Power Required: Approximately 2 watts. Operates 

Size: 8%“ x 19”. 10” deep. Net Weight 22 pounds. 

Power Supply: 115 v k 1 0  v, 50/60 cps, 60 watts. 

Accessories Furnished: -hp- M-72 Power Cord 

59.75 mc to 215.75 mc. 

deviation. 200 cycle divisions. 

1k.500 cps for a period of 10 days. 

satisfactorily, 0.4 to 4 watts. 

Shipping I17eight 40 pounds. 

-hp- 38-66 Straight AN Connector 
-hp- 38-67 Elbow AN Connector 

Data  subject to change without  notice. 
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E L E C T R O N I C  
FREQUENCY 

METER 

MODEL 500A 

ADVANTAGES: 

Wide frequency range 
Accurate 
Good sensitivity 
Accuracy independent of line voltage 

changes and tube characteristics 
Ten  convenient scale ranges 

USE IT TO MEASURE: 

Beat frequency between two rf signals 
Crystal frequency deviation 
Audio frequencies 
Speed of rotating machinery 
Oscillator stability 

MEASURES FREQUENCY OF AC 
VOLTAGES AS HIGH AS 50 KC 

HE -hp- Model 500A directly measures the fre- 
quency of an alternating voltage from 10 cps to 50 
kc. It is suitable for laboratory and production 

measurements of audio and supersonic frequencies. 
T h e  frequency meter consists of a wide band amplifier 

with a limiting circuit, an electronic switch, a constant 
current supply, a frequency discriminating circuit, and an 
output meter and rectifier. T h e  input signal is amplified 
and used to switch the constant current source to alternate 
load resistors. T h e  voltage developed across these resistors 
is applied to a condenser, and the output meter indicates 
the average value of the rectified charging current. T h e  
circuit is designed so that each pulse of charging current 
has the same average value, making the meter reading pro- 
portional to the number of pulses per second, and hence 
proportional to the frequency of the input signal. 

INDEPENDENT OF SIGNAL VOLTAGE 
T h e  reading is practically independent of the input volt- 

age waveform. T h e  regulated current source makes the read- 
ing independent of variations in input signal voltage, line 
voltage, and vacuum tube characteristics. Provision is made 
for checking the calibration against power line frequency. 

USES 
T h e  -hp- 500A will measure directly and without any 

precautions the frequency of any source in the audio and 
supersonic range. W i t h  the aid of a detector it can be used 
to measure the frequency difference between two radio fre- 
quency signals. I t  is particularly suited to crystal grinding 
work, where it measures frequency deviation from the 
standard quickly and accurately. Model 500A also meas- 
ures oscillator and transmitter frequency stability and with 
the aid of a magnetic pickup measures speed of machinery 
and rate of vibration. Provision is made to operate an 
Esterline-Angus 1 ma recorder with -hp- 500A for a con- 
tinuous frequency record. 



SPECIFICATIONS -hp- 500A 

Frequency Range: 10 cps to 50 kc, in ten ranges having 
full scale values of 50, 100, 200. anti 500 cycles, and 
1, 2, 5, 10, 20, and 50 kc. 

Min. requirement 0.5 volts ; impedance 300,000 
ohms. Range of input voltage 0.5 to 200 v results in 
max. error of i l % .  A push-button panel switch is 
provided to insure sufficient signal voltage for proper 
operation. 

Accuracy. Total  error of full  scale value; -+ 1 ;$ 
for line voltage variation of -+ 107;. 

Recorder Output: Jack provided on right-hand side of 
panel for use with 1 milliampere, 1400 ohm t 100 ohm 
Esterline-Angus Automatic Recorder. 

Power Supply: 115/230 v & l o % ,  50/60 cps, 65 matts. 
Mounting: T h e  instrument is available in either cabinet 

or relay rack mounting. Size, cabinet model: 17” x 
8%“,  11” deep. Panel, relay rack, 19” long. 

Net Weight : 20 pounds. Shipping Weight : 35 pounds. 

Input: 

-hp- MODEL 510A MIXER 
RIodel 510A is used to mix any two frequencies in the 

range 20 cps to 200 kc. A variable low-pass filter may be 
adjusted to eliminate both fundamentals so only the differ- 
ence frequency remains in the output. A low-impedance 
amplifier provides output signals limited to 20 volts. 

T h e  Aliaer may be used with -hp- 500A Frequenq 
Meter or -hg- 100D/C Frequency Standards to measure 
frequency, frequency stability, rotational speeds, etc. 

SPECIFICATIONS -hp- 510A 
Input A: 500,000 ohm-Potentiometer control. Max- 

imum voltage 600 volts peak. Frequency range 20 cps 
to 200 kc. 

Input B: Same as Input A. 
Gain thru Circuit: 0.1 \ at rnch input produces an out- 

Output: Limited voltage approx 20 v. 
Low Pass Filter: Variable and placed betu.een miver and 

output amplifier. 
Frequency Range: 20 cps to 200 kc covered in 4 bands. 
Attenuation: 20 db or more per octave. 

put of 0.5 v at the differerice fiequency. 

Hum Voltage Output: Not more than .03 volts. 
Power Supply: 11 5/230 v 2 10% 50/60 cps. 100 watts. 
Size: Panel 8%” Y 19” x 12” deep. Weight 22 pounds. 

Shipping IVeight 34 pounds. 

Data subject t o  change without uotice. 

ELECTRONIC TACHOMETER 

How to Count RPM Without External Loading 

-hp- Models 505A and 505B Electronic Tachometers 
are a natural development from the 500A Electronic 
Frequency Meter. By connecting a photocell pickup in 
combination with a light source to this basic instrument, it 
becomes an electronic tachometer, capable of counting 
speeds or revolutions over a wide range, from about 600 
rpm ( 10 cps) to 3,000,000 rpm (50,000 cps). T h e  light 
illuminates the moving part to be measured, which is pre- 
pared with alternate reflecting and absorbing surfaces. T h e  
interrupted reflected light is picked up by the photocell; 
the electrical impulses generated thereby are transmitted 
to the frequency meter. T h e  -hp- Electronic Tachometer 
is capable of measuring very high speeds of moving parts 
which have small energy or which for other mechanical 
reasons cannot be mechanically connected to any measur- 
ing device. T h e  danger of fractional or multiple errors, 
inherent in other measuring methods, is eliminated. 

SPECIFICATIONS -hp- 505A/B 
r 7  1 he Electronic Tachometer consists of a photocell and 

a light source mounted on a stand and an electronic fre- 
quency counter which is similar to the -hp- Model 500A. 
T w o  tachometer models are supplied. T h e  -hp- Mode 
505A is calibrated in rpm and the -hp- Model 505B is 
calibrated in rps. 

Speed Range: Model 505A: 3,000 rpm to 3,000,000 
rpm full scale reading, in ten range\. l Iodel  505B: 50 
rps to 50,000 rps full scale reading in ten ranges. 

Circuit and Construction: Similar to -hp- Model 500A 
except for calibration. 

Photocell: Type 1P41 phototube. Mounted in shielded 
tube same size as light source and provided with con- 
densing lens to focus reflected light on phototube. Three 
foot cable connects photocell to frequency meter. 

Light Source: 21 candle power, 6 Tolt automotive bulb. 
mounted in shielded tube. Condensing lens concentrates 
light. 

Net Weight: 20 pounds. Shipping Weight : 45 pounds. 

Data subject to change without  notice. 
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ADVANTAGES: 

No figures to add, no calculations 
No complex equipment set-up 
Easily used by non-technical personnel 
Production-line measuring speed 
Direct, instantaneous readings 
Accuracy 2/ 1,000,000 +- 1 count 
Coverage 0.01 to 10,000,000 cps 

USE IT TO: 

Measure transmitter and crystal 
oscillator frequency 

Calibrate sub-audio, audio and 
supersonic test oscillators 

Establish frequencies for filter 
characteristic determination 

Monitor frequency drift exactly 
Check crystal frequency rapidly 
Read total random events per unit time 
Serve as precision frequency standard 

DIRECT 
READING 

FREQUENCY 
COUNTER 

MODEL 524A 

ONE INSTRUMENT READS FREQUENCY 
DIRECTLY, AUTOMATICALLY, WITHOUT 
CALCULATION-IN 1 SECOND OR LESS 

. MODEL 524A Frequency Counter sets new stand- 
ards for accurate, high-speed frequency measure- 
ment in the laboratory or on the production line. 

It counts frequency instantly, automatically, without effort 
on your part. It performs all functions of a frequency 
standard, interpolating system, and detector. For frequency 
determination work, it completely eliminates need for ex- 
pensive, hard- to-maintain harmonic amplifiers, transfer 
oscillators, multi-vibrators and oscilloscopes. 

Figure 1. Closeup of -hp- 524A panel shows how frequency count 
is displayed directly, instantly. Example counted is 10,168,438 cps. 
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FREQUENCY, PERIOD COUNTING 

This revolutionary new equipment offers two types of 
measurement-direct counting for high frequencies, and 
period measurement for low frequencies. 

When set for high-frequency counting, the -hp- 524A 
counts and displays-directly and instantly-unknown fre- 
quencies measured during exact time intervals of 1 O,, 1, 0.1, 
0.01 and 0.001 seconds. Counting and display periods are 
equal and automatically cycled. T h e  count is displayed 
repetitively or, by merely pressing the “manual” button, 
can be “held” any desired length of time. 

When set up for low-frequency period measurement, the 
equipment measures the duration of one low-frequency 
cycle in microseconds. A 10-cycle sample is taken to de- 
termine this period. Periods may be displayed repetitively 
or “held” as in frequency counting. 

CIRCUIT DESCRIPTION 

-hp- 524A operates on pulse counting techniques. T h e  
unknown is applied through a wide-band squaring ampli- 
fier to a fast gate controlled by a time-base generator. 
When the gate is open, the unknown is applied directly to 
the counting circuits. When the gate is automatically 
closed, counting circuits remember and display the counted 
frequency in cps or the period in microseconds. Time base 
circuits are controlled by a highly stable crystal oscillator 
with instantaneous stability of 1 part per million and accu- 
racy of 2 parts per million per week. 

SPEClFICATIONS 

-hp- 524A Frequency Counter 

Counting Rate: 10 mc per second maximum. 

Presentation: 8 places, direct reading. First 6 places 
on neon lamp banks. Last 2 places on two meters. 

Count Period: 0.001, 0.01, 0.1, 1, 10 secs. 

Low Frequencies: Permits low frequencies to operate 
Duration of one cycle is displayed in as time base. 

microseconds. 

Accuracy: t l  count +2/1,000,000 per week. (Higher 

Period Measurement: Within 0.03% up to 300 cps; 

External 100 kc Standard Input: For higher accuracy. 

Input Voltage: 2 v peak minimum. 

Input Impedance: Approx. 100,000 ohms, 30 ppfd 

Connectors: Standard BNC type. 

Power Source: 115 v rfr 10 v, 50/60 cps, 400 watts. 

Size: Approx. 28” high, 2 2 s r r  wide, 16” deep. Weight 

accuracy external standard may be employed.) 

within 1 psec between 300 cps and 10 kc. 

Requires 1 v across 1 megohm shunted by 30 ppfd. 

shunt. 

123 pounds. Shipping Weight 260 pounds. 

Data  subject t o  change without notice. 

-hp- MODEL 520A 
HIGH-SPEED SCALER 

This new equipment is an aperiodic 10 mc scaler offer- 
ing precise accuracy and high-speed operation for easy 
measurement of “fast” circuits and nuclear parameters. 
T h e  instrument is built into and part of -hp- 524A Fre- 
quency Counter, but is also offered as a separate unit. 

-hp- 520A Scaler will count period pulses from 0 cps to 
10 mc. Double-pulse resolve time is 0.1 psec. Triple- 
pulse resolve time is 0.2 psec. T h e  scaler delivers 1 output 
pulse per 100 received and displays the residual count on 
two panel meters. T h e  instrument may be used with con- 
ventional IO5 pps scalers to increase count capacity. 

SPECIFICATIONS 

-hp- 520A High-speed Scaler 

Input Requirements: 

Required Input Polarity : Positive pulses only. 
Amplitude: 5 v minimum. 30 v maximum. 10 v mini- 

Required Rate of Rise: 10 v per psec, minimum. 
Input Impedance: 5,000 ohms. 

mum for maximum counting rate. 

Resolving Time: For 2 pulses, 5 to 30 v peak: 0.1 

For 3 pulses, 5 to 30 v peak: 0.2 psec first to third 

Maximum continuous uniform rate : lo7 counts/second. 

Counting Capacity: 100 counts in 2 decades, count 
indicated by 2 meters (0  to 90 and 0 to 9). Pushbut- 
ton resets both meters to zero. 

psec. 

pulse. 

No lower limit on counting rate. 

Output: Positive or negative triangular pulse, approxi- 
mately 50 v amplitude and approximately 5 psec wide 
at  base. Rise time approximately 1 psec. 
Output Impedance: 5,000 ohms. 

Power: 115/230 v *lo%, 50/60 cps, approximately 

Size: 10%” x 19”, 13” deep. Net Weight 42 pounds. 

200 watts. 

Shipping Weight 78 pounds. Rack mounting. 

Data subject t o  change without notice. 
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SPECIFICATIONS 
Frequency Counting: 

Range: 10 cps to  100 kc. 
Accuracy: f l  count + O . O O l %  (kO.1 cps * O . O O l %  on 10 sec 

Input Requirements : 2 v peak, minimum. 
Input Impedance: Approx. 1 megohm, 50 ppf shunt. 
Gate Time: .001, .01, .l, 1, 10 seconds. 
Display Time:  Continuously variable 0.1 to 10 sec. In manual 

Direct reading in cps or kc with decimal point automatically 

gate). 

operation displays until reset. 

indicated. 
Period Measurement: 

Range: 0.00001 cps to 10 kc. 
Accuracy: 0.03% + 10 psec. 
Input Requirements: 2 v peak, minimum. 
Gate Time:  Counts for  1 or 10 cycles of input signal. 
Display Time:  Same as  above. 
Direct reading in seconds or milliseconds with decimal point 

automatically indicated. 
Time Interval Measurement 

Range: 10 Psec to 100,000 seconds. 
Accuracy: 10 psec +-O.OOl%. 
Minimum Input Requirements: 2 v peak with 10 v/sec rate- 

Input Impedance: Approx. 250,000 ohms, 50 ppf shunt. 
Independent Start and Stop Channels: Triggers  for either 

positive-going or negative-going input voltages a t  levels 
-100 to + loo  volts. 

automatically indicated. 

of-rise. 

Display Time:  Same as  above. 
Direct reading in seconds or milliseconds with decimal point 

Connectors: 
Standard BNC Type. 

-hp- 522A Electronic Counter 
Specifically designed for frequency counting. Same as -hp- 
522B except gate time is 1 second only, decimal point reg- 
ister is omitted. No provision for period or time interval 
measurement. 

Data  subject to change without notice. 
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N rote 
Frequency 

automatic 
counted 87,654 cps. 

illuminated decimal point. 

ELECTRONIC 
COUNTER 

I 

, 

READS FREQUENCY, PERIOD, INTERVAL 
DIRECTLY AND AUTOMATICALLY 

MODEL 522B Electronic Counter offers new speed, 
accuracy and simplicity for frequency, period, time 
interval and many allied measurements. I t  meas- 
ures unknowns instantly, automatically and pre- 

sents results in direct-reading form, complete even to auto- 
matic illuminated decimal point. No calculation or addition 
is required. Operation is simple even for untrained per- 
sonnel-just connect unknown, select function and read. 

Model 522B counts frequency over a selected period of 
0.001, 0.01, 0.1, 1.0 and 10 seconds. Time of display can 
be varied at  will ; count is automatically reset and action is 
repetitive. Period or time interval can be read directly in 
seconds or milliseconds. T h e  instrument accurately meas- 
ures time intervals 10 psec to 100,000 seconds long. Trig- 
gering is available in either (‘start” or “stop” channels on 
either positive or negative “going” waves. Trigger voltage 
level is adjustable 0 to 100 volts. 

APPLICATIONS 
In  addition to frequency, period and interval measurements, 
Model 522B determines ratio of two external frequencies 
or counts one frequency using a second frequency as a time 
base (as in converting return time of a radar echo into 
nautical miles). I t  serves as an electronic stopwatch ; meas- 
ures rpm of equipment rotating between 60 and 6,000,000 
rpm : is ideal for nuclear scaling, calibrating oscillators, de- 
termining filter characteristics, carrier current or tele- 
metering work or counting total random events per unit 
time. 



SIGNAL GENERATORS 
SIGNAL generator is a n  oscillator 
calibrated to provide output 
signals of precisely known fre- 

quency and power. Signal generators a r e  
essential to many different types of meas- 
urement, and in order to adequately serve 
their purpose, they must meet certain mini- 
mum requirements, viz:  (1)  accurate fre- 
quency calibration, (2)  accurate and  var i -  
able output, (3 )  constant output impedance, 
( 4 )  varied modulation capabilities, ( 5 )  
low leakage, ( 6 )  low harmonic content, 
and ( 7 )  freedom from spurious or inci 
dental modulation. 

Hewlett-Packard offers a complete easy- 
to-use line of VHF, U H F  and  S H F  signal 
generators. There  are  seven precision in- 
struments operating a t  frequencies between 
10 and 10,000 mc. Each generator incorpo- 
rates every basic requirement listed above 
and is designed so that  both frequency 
and power output a re  direct reading. This  
assures utmost convenience and  accuracy 
for  all kinds of measurements, including 
receiver sensitivity, selectivity or  rejec- 
tion, signal-noise ratio, gain-bandwidth 
characteristics, conversion gain, antenna 
gain, transmission line characteristics ; or  
for  dr iving bridges, slotted lines, filter 
networks, etc. 

-hp- signal generators can be divided 
into three different groups according to 

Figure 1: Block diagram of Model 608A 
and 612A Signal Generators. 

i 

Figure 2: Block diagram of Model 614A, 
616A, and 618B Signal Gen- 
erators. 

I I 

Figure 3: Block diagram of Model 623B, 
and 624B Signal Generators. 

their circuit design. T h e  first group com- 
prises Model 608A and 612A; the second 
group includes Models 614A, 616A and 

I 
Pulse. Pulse, 

3,800- 2 fm Sawtooth, Sq Wove, 618B 7,600 2 db 
sq Wow fm 

! 

! 

I- : 
624B 8,500- 

10,000 

*As sel by wavemeter. Note: -hp- 6088 is Inme 01 Model 608A except tho1 its frequency range I S  10-400 mc. 

Table 1. Characteristics of -hp- signal generators. 

618B, and the third group is composed of 
Models 623B and 624B. Table  1 shows 
t h e  i m p o r t a n t  charac te r i s t ics  of these 
units, and  Figures 1, 2 and  3 show the 
basic circuit diagram of each group. 

Oscillator Section 

Tubes for the oscillator section of -129- 
signal generators a re  carefully selected 
to cover the frequency range of each gen- 
erator. Pencil triodes are  used in -hp- 
Models 608A and 612A, while the higher 
frequency signal generators employ reflex 
klystrons. In  Models 614A, 616A and 
618B the frequency is varied by adjusting 
a shorting element that  tunes the cavity 
resonator associated with the reflex kly- 
stron. On -hp- Models 623B and 624B 
tuning is achieved by mechanically dis- 
torting the cavity. T h i s  cavity is a n  in- 
herent par t  of the reflex klystron used in 
these units. 

Modulator Section 
Hewlett-Packard generators, in addi- 

tion to CW emission, also provide ampli- 
tude and frequency modulated output. 
T h e  type of amplitude modulation (pulse, 
square-wave or  sine wave) varies with 
each signal generator, and it is described 
in detail in Table  1. 

-hp- 614A, 616A, 618B and 624B signal 
generators include a pulser which is used 
for  internal modulation. Considerable care 
has been taken to achieve a modulating 
pulse that  has good waveform and does 
not undergo deterioration in the modulat- 
ing system. Spurious fm, am and har-  
monic content have been kept to a mini- 
m u m  b y  incorpora t ing  wel l  regula ted  
power supplies, good circuit design and 
excellent construction techniques. 

I n  generators employing reflex klystrons 
(614A, 616A, 624B) internal f m  is pro- 

vided a t  power line (60 cycle) frequency 
with varying amplitude and phase. This  
feature is achieved by taking advantage 
of the fact that  in reflex klystron oncilla- 
tors, frequency is dependent on reflector 
voltage. For internal fm, -hp- 618B offers a 
saw-tooth sweep rate variable between 40 
and 4,000 cps, and -hp- 623B has a 1,000 
cps modulator. 

External Modulation Techniques 

There are  many cases where it is desir- 
able to modulate a signal generator with 
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external signals. T h e  type of modulation 
used must be applied to the generator in  
such a way as  not to detract from the 
stability or accuracy of generator. Fur- 
ther, incidental o r  spurious modulation 
should not be introduced. Certain pre- 
cautions, different for different signal gen- 
erators, should be observed when apply- 
ing external modulation. 

When using -hp- Models 608A and 
612A (which employ master oscillator 
power amplifier circuits) almost any type 
of modulation may be employed. In  the 
-hp- Model 608A, all modulation is ac- 
complished in  the amplifier section, and 
any amplitude modulation (sine wave, 
square wave or pulse) can be employed as  
long as  it is within the bandwidth limita- 
tion of the circuit. Because the amplifier 
section employs a grounded gr id  circuit, 
the power is not completely cut off be- 
tween pulses. T h e  reduction in power 
output between the time the pulse is on 
and off is better than 20 db a t  high fre- 
quencies and better than 40 db a t  low fre- 
quencies. 

In  the -hp- Model 612A, provision is 
made for applying pulse and square wave 
modulation directly to either the oscillator 
or the amplifier section. When modula- 
tion 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 amplitude modulation on this 
oscillator. O t h e r  types of modulation 
should be applied to the amplifier section, 
the bandwidth limitation of which is 5 
mc. T h e  types of modulation employed 
(with due consideration to above restric- 
tions) will not seriously affect the stability 
or spurious signal content of this generator. 

There is no provision for fm modulation 
in Models 608A and 612A signal gener- 
ators. 

Models 614A, 616A, 618B, 623B and 624B 
generators have similar requirements for  
external amplitude modulation. However, 
it is desirable to use pulse or square wave 

, modulation of sufficient magnitude to com- 
pletely cut off the generator between 
pulses. This  is necessary to eliminate 
spurious signals and harmonics. If a 
square wave generator is not available, 

FILTER 
OSCILLATOR 

CAVITY 

\ a high power sine wave may be used. 
T h e  use of this sine wave will tend to 
overload the modulator and the sine wave 
will become heavily clipped-thus apply- 
ing an  approximation of a square wave 
to  the oscillator. Since the gr id  of the 
modulator tubes employ ac couplings, high 
level signals will tend to d r a w  grid cur- 
rent and  develop a clamp voltage on the 
gr id  of the tube. Damage to tubes is thus 
prevented. A typical set-up for  applying 
modulation to these generators is shown 
in Figure 4. T h e  amplitude of the modu- 
lating voltages should be approximately 
50 volts. 

Models 618B, 623B and 624B, in  addi- 
tion to external amplitude modulation, 
have provision for  external frequency 
modulation. Modulation capability de- 
pends on the reflex klystrons in  each in- 

in  the attenuator and  output connectors. 
T h i s  type of output system has certain 
advantages which contribute greatly to 
the accuracy and usefulness of a signal 
generator. T h e  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., a re  immediately apparent. 
At any level the maximum available 
power from the generator can be deter- 
mined quickly and  accurately from moni- 
tor readings and attenuator settings. I t  
is not necessary to return the output to a 
high level for  monitoring. 

-hp- generators a re  calibrated in  terms 
of their maximum available power. T h u s  
accurate measurements a re  easily obtained 
whether working into a s tandard SO-ohm 
load or into a load adjusted to match ex- 
actly with generator characteristics. 

Figure 5: Monitoring and Attenuating system in  -hp- signal generators. 

dividual generator, and magnitude of the 
applied modulating voltage should be 
limited so that  the reflector will not be 
swept into undesired oscillating modes. 

Output Section 
T h e  output sections of -hp- generators 

are  designed to achieve high monitor ac- 
curacy, high attenuator accuracy and to 
eliminate mismatch between generator 
and load. 

I n  all -hp- generators power is moni- 
tored and  measured at a fixed high power 
level as shown in Figure 5 .  After moni- 
toring, power is attenuated down by a 
variable attenuator and  then fed to the 
output terminals. Output impedance is 
held close to 50 ohms by utilizing pads 

I 1 

200 AB/CD 

OSCILLATOR GENERATOR 
AUDIO SQUARE WAVE SIGNAL 

GENERATOR 

V SIGNAL 
ONE SIDE GROUND 

Figure 4: Typical set-up for  applying modulation to -hp- signal generators. 

In  Models 608A and 612A, a high order 
of monitor accuracy is achieved by em- 
ploying a crystal detector a t  a low power 
level. Calibration is performed a t  a fixed 
level so monitor detector laws will not 
cause error  in  measurement. On other -hp- 
generators, accuracy is maintained through 
use of a thermistor bridge. I n  these in- 
struments, drift  compensating networks 
are  employed to reduce zero drift  and sen- 
sitivity to ambient temperature changes. 

Attenuators in  the output system are  
the waveguide - beyond-cutoff type, and 
operate on magnetic couplings for  the 
lowest order mode. This  type of attenu- 
ator is characterized by linear relation 
between the attenuation ( in  db)  and dis- 
placement (in length units) of the coup- 
ling elements. T h e  linear relationship 
holds except for  approximately the first 
7 db of attenuation. As long as  the at- 
tenuator tubes a re  well below cut-off, the 
attenuation will be independent of fre- 
quencies and  will be dependent only upon 
tube size and  type of coupling employed. 
Attenuator tubes a re  accurately sized, and 
this, in conjunction with magnetic coup- 
ling assures that once the relation between 
attenuator movement and  attenuation in 



db becomes linear, it will stay linear 
down to the lowest value desired. 

Attenuator standardization i s  done at  
a point where the attenuation curve has 
become linear. T h i s  value is about -7 
dbm in all generators except -hp- Models 
608A and 612A where it i s  approximately 
0 dbm. ( 0  dbm i s  1 milliwatt. Across 50 
ohms this results in a voltage of 0.223 17). 
On some instruments there may be a 
small departure f rom linearity at  high 
output values, but the accuracy in all 
cases i s  better than 2 db, ( a t  lower 
frequencies, better than *l  d b ) .  If greater 
accuracy i s  desired, calibration can be 
made or obtained from the factory. 

Sources of Error 
Harmonic Content: In  -hp-  signal gen- 

erators every effort has been made to 
minimize harmonic content which i s  a t  
least 20 db down. Nevertheless fo r  some 
measurements (as  fo r  example, measure- 
ments involving filters, slotted lines or 
pre-selectors) even this residual harmonic 
content may cause error. Such errors may 
be eliminated by employing -hp- 360 low 
pasq filters between the signal generators 
and  equipment following the generator. 
(Figure 6)  

Bower Loss due to Mismatch: Another 
source of error in determining power out- 
put i s  mismatch between a signal gener- 
ator output impedance and  the instrument 

S I G N A L  LOW PASS 
G E N E R A T O R  

I 

Figure 6: Typical set-up for  eliminating 
harmonics. 

following the generator. Hewlett-Packard 
generators have an  output impedance of 
50 ohms resistance which matches the 
nominal impedance of most cables and 
connectors. T h e  deviation of output im- 
pedance from 50 ohms is designatzd Volt- 
age Standing W a v e  Ratio ( V S W R )  and 
it is less than 2 : l  for all generators. 
Wi th  a knowledge of the value of VSWR, 
the limits of the power loss can be calcu- 
lated. I t  i s  necessary to know the phase 
of the reflection coefficient in order to de- 
termine the exact power loss. 

CONNECTING CABLE 

Figure 7: T y p i c a l  s e t - u p  f o r  m a k i n g  
measurement on signal gen- 
erators. 

A typical set-up for making measure- 
ment on signal generators i s  shown in 
Figure 7. I n  order to determine the 
amount of error due to mismatch, the 
values of VSWR of the signal generator 
and  the load should be measured. Max- 
imum and minimum power loss i s  ob- 
tained by substituting the values of 
VSWR in the equation below: 

'max-the maximum power loss in dbs 
down is given by: 

db 

And minimum power loss in 
dbs is given by: 

"min= (20 log [c+c]-6) db 

Where  u,=VSWR of signal generator 
u,.=VSWR of device under test 

Note: These losses are  with respect to 
the maximum available power out- 
put. (Calihration of the signal gen- 
era tor. ) 

These formulas can be drawn up in 
chart form as shown in Figure 8.  As an 
example, let it be assumed that on a 
measurement the attenuator setting is -30 
d b m ;  the VSWR of the generator i s  1 ;  
and the VSWR of the load is 3. Then 
using the above formulas and chart, it 
can be shown that Pmax equals 1.28 db, 
a n d  rmin equals 1.28 db. Here it should 
be noted that because the generator is 
matched, the ambiguity of error  is elim- 
inated and  power loss can be calculated 
exactly. 

Assuming the same data  as  before with 
the exception that the generator has 1% 
to 1 VSWR, it  can be shown that  Pmax 
equals 2.28 db, and  Pmin equals 0.52 db. 
In  this last example the power actually 
being delivered to the load lies somewhere 

Figure 8: Power loss curves. Solid lines in- 
dicate Pmax ; broken lines Pmin. (Courtesy 

Sperry Gyroscope CO.) 

between -30.52 dbm and -32.28 dbm. 
Without further information concerning 
the relative phase of the reflection coeffi- 
cients, it is impos.ible to obtain this value 
more accuratcly. With some form of tuner, 
the load may he matched to the generator. 
Then the attenuator reads accurately as 
maximum power is transmitted to the 
load. For most measurements, it will he 
found that a n  average value of the power 
loss will adequately meet the accuracy 
requirements. 

Loss in Cables: Another source of error 
in power output determination i s  loss in 
the cables connecting the generator to the 
load. T h i s  loss may become significant, 
particularly a t  higher frequencies. In  or- 
der to eliminate this error, all -hp- gen- 
erators are  calibrated in terms of power 
a t  the end of the cable. If cables of 
different lengths are  used, consideration 
should be given to the differing attenua- 
tions in the cables. A nominal attenuation 
for  several different types of cables is 
shown in Figure 9. 

I 10 FREQUENCY IMC/SECl 'Oo0 
IOU 

Figure 9: Attenuation vs. frequency curves for  several cables. 
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ADVANTAGES: 

High power output 
Constant internal impedance 
Wide frequency range 
Broad modulation capabilities 
Microsecond pulsing 
Small residual FM 
CW, AM or pulsed output 
Direct calibration 

USES: 

Measure gain, selectivity, sensitivity or image 
rejection of receivers, I-F amplifiers, broad 
band amplifiers, etc. 

filter networks, etc. 
Drive bridges, slotted lines, antennas, 

VHF SIGNAL 
GENERATOR 

NEW BASIC MEASURING TOOL 
FOR 10 TO 500 MC BAND 

, ERE is a general purpose laboratory generator of 
broadest application in the important 10 to 500 
megacycle band-an instrument which has high 

power broad modulation capabilities because of its master 
oscillator power amplifier design. 

This new instrument offers a directly calibrated output 
from 0.1 microvolt to 1.0 volt for measurements of gain, 
selectivity, sensitivity or image rejection of receivers, I -F  
amplifiers, broad band amplifiers and other VHF equip- 
ment. It also provides a 1 volt output into a 50 ohm load 
(over entire frequency range) suitable for driving bridges, 
slotted lines, transmission lines, antennas, filter networks, 
etc. 

DIRECT CALIBRATION 

Both output and frequency are calibrated directly, for 
fast reading without charts. T h e  output circuit is cali- 
brated in both volts and dbm. Frequencies from 10 to 500 
mc are covered in 5 bands, and calibrated directly in mega- 
cycles on a drum-type dial having a total effective scale 
length of 90 inches. This single-dial ball bearing fre- 
quency control insures maximum convenience and accuracy 
in tuning, and resetting. There is virtually no backlash, 
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and the resettability i s  better than 1 megacycle even at  the 
high frequency end of the band. 

HIGH POWER 

One of the most valuable features of this new -hp- signal 
generator is its high power output of 1 volt into a 50 ohm 
load. This output i s  available throughout the entire fre- 
quency range, and is adjustable down to 0.1 microvolt. 
This enables the generator to serve for very low level 
applications as well as antenna, STYR and other measure- 
ments requiring high power output. T h e  output level i s  
controlled by means of a mutual inductance type attenu- 
ator which has been designed and adjusted to provide a 
50 ohm source impedance over the entire band. There are 
no spurious responses to cause error in the output voltage. 

MODULATED POWER AMPLIFIER 

Unusually good amplitude modulation is obtainable be- 
cause a master oscillator power amplifier circuit i s  em- 
ployed. Ninety percent modulation can be obtained with 
low distortion. A range of audio, carrier current and 
video modulations may be employed since circuitry has flat 
response from 20 cps to 1 megacycle. T h e  percentage 
modulation is measured by demodulating a portion of the 
radio frequency carrier, and is read directly on the large 
front panel meter. 

1 he instrument also provides excellent pulse niodula- 
tion, and good pulse shape is obtainable from square waves 
to 1 microsecond length. T h e  incidental frequency modu- 
lation accompanying amplitude modulation i s  held to an 
extremely low value. 

CIRCUITS 

T h e  master oscillator and power amplifier circuits are 
identically designed to insure tracking over a wide fre- 
quency range. These circuits employ an unique combina- 
tion of transmission line and lumped constant techniques 
to successfully bridge the 10 to 500, megacycle spectrum. 
T h e  amplifier i s  of the grounded grid variety, and provides 
good isolation of the output circuitry from the master oscil- 
lator. T h e  output level is adjusted by varying the bias 
voltage on the final amplifier. RF  voltages ahead of the 
piston-type attenuator are continuously monitored. 

T h e  radio frequency circuits are completely enclosed in 
a heavy cast aluminum shield, and both tuning condensers 
are made from silver-plated Invar steel plates, thus insur- 
ing the highest possible degree of niechanical and thermal 
stability. Castings are also silver-plated and are carefully 
designed to prevent electrical leakage. T h e  power supply 
and modulation circuits are mounted on a vertical chassis 
revealing the circuitry for easy servicing. Only the highest 
quality components are employed to insure the utmost in 
stability and long, trouble-free service. 

-hp- MODEL 608B VHF SIGNAL GENERATOR 

This new generator is particularlv useful in measure- 
ments involving receivers with very sharp selectivity char- 

acteristics. It i s  similar in design to Model 608A, except 
that top of frequency range is 400 mc instead of 500 mc, 
incidental FM is extremely lorn (.002 over entire range) 
and output is variable from 0.1 pv to 0.8 v. In other re- 
spects, the equipment i s  identical with Model 608A. 

Model 608A-16D (illustrated) i s  an output cable de- 
signed for use with Model 608A VHF Signal Generator. 
I t  provides an accurate termination which may be directly 
connected to the point of a circuit at which the signal volt- 
age is to be injected. $10.00. 

SPECIFICATIONS 

-hp- 608A 

Frequency Range: 10 to 500 mc in 5 bands. 
Accuraci : Calibration -+ 1 F. ReiettabilitT better than 

1 mc at high frequencies. Total scale length approui- 
mately 90”. 

Output: 0.1 p\ to 1.0 v continuously \ariable. Calibrated 
in Iolts and dbm. 

Impedance : 50n. 
Accuracv: k 1 db entit e range. 

Modulation: 
Amplitude: From 0 to 90% indicated bv front panel 

meter. 
Emeelope Distortion: 2.5% at 30% modulation. 
Internal : Fixed modulation frequencies, 400 and 1,000 

cps. 
Euternal: 20 cps to 1 mc except as limited by response 

of amplifier i f  circuits. (Maximum modulation 30% 
at 1 mc. Usable o n l ~  in 100 to 500 mc range.) Input 
1 rquircinents, 1 volts across 15,000 ohms. 

Euternal Pulse: Positive 10 v peak amplitude. Good 
pulse shape at 1 psec length (abobe 100 mc). 

Jlauimum VSIYR 1.2. 

Leakage: Negligible ; permits receiter sensitivity meas- 

Residual FM: Not over .0025% at 30% modulation. 

Power: 115/230 v + l o % ,  50/60 cps. 150 watts. 

Size: 12” Y 14” x 18” deep. -hp-  gray finish. Cabinet 
mounting. Weight 55 pounds. Shipping Weight 88 

urement down to at least 0.1 pv. 

pounds. 

Accessories Furnished: M-72 Power Cord. 

D n t n  subjrct to change zuithout noticc. 
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I SPECIFICATIONS 

Frequency Range: 450 to 1,200 mc in 1 band. 
Accuracy: Calibration * 1 %. Resettability better than 

5 mc at high frequencies. 
Output: 0.1 pv to 0.5 v continuously variable. Calibrated 

in volts and dbm. Impedance: 50 ohms. Maximum 
VSWR 1.2. Accuracy +1 db entire range. 

Modulation: Amplitude: From 0 to 90% indicated by 
front panel meter. 
Envelope distortion : 2% at 30% modulation. 
Internal : Fixed modulation frequencies, 400 and 1,000 

External : Any frequency 20 cps to 5 mc. 
Pulse requirements for ‘External Modulation : 

cps. 

Pulse to Amplifier: Good pulse shape at  0.2 psec 

Pulse to Oscillator : 1 psec minimum. 
length. 

leakage: Negligible. Permits receiver sensitivity meas- 

Power: 115/230 v +lo%, 50/60 cps, 200 watts. 
Size: 12” x 14” x 18” deep. -hp- gray finish. Cabinet 

mounting. Weight 65 Ibs. Shipping Weight 85 pounds. 

urement down to at  least 0.1 pv. 

D a t a  subject to change without notice. 

UHF SIGNAL 
GENERATOR 

MODEL 612A 

UHF-TV MULTI-PURPOSE SIGNAL 
GENERATOR-450 TO 1,200 MC 

HIS versatile new -hp- master oscillator-power 
amplifier generator speeds and simplifies a wide 
variety of UHF measurements including the gain, 

selectivity, sensitivity and image rejection of receivers and 
amplifiers. I t  is also a convenient, direct-reading power 
source for driving bridges, slotted lines, antennas and filter 
networks. T h e  instrument is particularly suited for work 
in the new high-band television frequency range. 

Model 612A offers a high power output; it has a low 
incidental fm and excellent modulation capabilities up to 
5 mc. T h e  instrument may be modulated internally or 
from external sources; it may be amplitude modulated; 
and it may be pulse modulated to provide good rf pulses 
of 0.2 psec or longer duration. Modulation may be applied 
to the amplifier; or the oscillator may be directly modu- 
lated so that the signal may be completely cut-off during 
pulses. 

Frequency and output are directly set on large, accu- 
rately calibrated dials. No charts or interpolations are 
required. T h e  instrument delivers a maximum of 0.5 volts 
to a 50-ohm load over its entire frequency range of 450 
to 1,200 mc. 
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UHF SIGNAL 
GENERATOR 

MODEL 614A 

DIRECT READING, DIRECT CONTROL 
GENERATOR, 800 TO 2,100 MC 

HIS -hp- UHF Signal Generator is similar in de- 
sign to the -hp- 616A generator, but offers such 
additional advantages as faster rise time of pulsed 

output, more constant internal impedance and higher out- 
put accuracy. 

Like the 616A, the 614A can save hours of time and 
work in making UHF measurements. It offers direct read- 
ing output and accuracy of -t- 1 db ; constant internal imped- 
ance with a standing wave ratio of 4 db; external modula- 
tion from 0.5 psec long pulses to square waves; a choice 
of CW, FM or pulsed output, and many other time-saving 
conveniences. 

For example, carrier frequency in mc can be set and read 
directly on the large central tuning dial. RF  output from 
the klystron oscillator is also directly set and read, in micro- 
volts or db. N o  calibration charts or tedious interpolations 
are necessary; and no voltage adjustments are required 
during operation. Output may be continuous, pulsed, or 
frequency modulated at  power supply frequency. T h e  
instrument can be modulated internally or externally ; and 
may be synchronized with positive or negative pulses or 
sine waves. 

Wi th  this instrument you can quickly, easily and accu- 
rately measure receiver sensitivity and alignment, signal-to- 
noise ratio, conversion gain, standing wave ratios, antenna 
gain, and transmission line characteristics-to name but a 
few readings essential to UHF work. 

SPECIFICATIONS 

Frequency Range: 800 - 2,100 mc directly calibrated. 
Accurate within * 1 %. 

Output Range: 1 milliwatt or .223 v to 0.1 pv. (0  dbm 
to -127 dbm.) Directly calibrated in pv and db;  con- 
tinuously monitored. Attenuator accuracy f 1 db from 
-10 dbm to -127 dbm. 

Output Impedance: 50 ohms. SWR 4 db (VSWR 
1.6). 

External Modulation: By external pulses, pos. or neg. 
peak amplitude 40 to 70 v, 1.0 microsecond to square 
wave. 

FM Modulation: Oscillator frequency sweeps at power 
line frequency. Phasing and sweep range controls pro- 
vided. Max. deviation approx. t 5  mc or more. 

Internal Modulation: Pulse repetition rate variable 
from 40 to 4,000 per second; pulse length variable from 
1 to 10 psec. Pulse rise and decay approx. 0.1 psec. 

Trigger Pulses Out: ( 1 )  Simultaneous with rf pulse. 
(2) I n  advance of rf pulse, variable 3 to 300 psec. (Both 
approx. 1 psec rise time, height 10 to 50 v) .  

External SYNC Pulse Needed: 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. 

watts. 
Power Supply: 115/230 v + lo%,  50/60 cps, 130 

Size: 17” long; 13%” high; 11%” deep. 
Net Weight 65 pounds. Shipping Weight 100 pounds. 
Accessories Furnished: Same as -hp- 616A. See page 63. 

Data subject t o  change without  notice. 
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ADVANTAGES: 

Direct frequency control 
Direct voltage readings 
CW, fm, or pulsed output 
Variable pulse rate 
Synchronized pulsing 
Wide frequency range 
,Great stability 
Rugged, compact 

USE IT TO MEASURE: 

Receiver sensitivity 
Signal-noise ratio 
Conversion gain 
Standing wave ratios 
Antenna gain 
Transmission line characteristics 

, 

S L SIGNAL 
GENERATOR 

FAST, DIRECT READINGS 
1,800 TO 4,000 MC 

EASE of operation, direct reading without reference 
to calibration charts, one-dial frequency control, 
great stability, and precision accuracy between 

1,800 and 4,000 mc-those are but a few of the advantages 
of -hp- Model 616A Signal Generator. 

Operation of the -hp-  616A is extremely simple. For 
example, carrier frequency in mc may be directly set and 
read on the large tuning dial. No voltage adjustments are 
necessary during operation, because the unique, -hp-  de- 
veloped coupling device causes oscillator repeller voltage 
to automatically track frequency changes. R F  output 
from the reflex klystron oscillator is directly set and read 
on a simplified output dial. It may be continuous or pulsed, 
or frequency modulated at  power supply frequency. Pulse 
modulation may be provided externally or supplied inter- 
nally. Internal pulsing may be synchronized with either 

62 



positive or negative external pulses, or sine waves. RF 
pulse may be delayed 3 to 300 microseconds with respect to 
synchronizing pulse. 

1 he oscillator portion of the -hp-  616A Signal Gener- 
ator is of the reflex klystron type, with an external resonant 
cavity. Frequency of oscillation is determined by a movable 
plunger which varies the parameter of the cavity. Oscilla- 
tor output is monitored by a temperature-compensated ther- 
mistor bridge circuit which operates unaffected 
by ambient temperature conditions. Voltage beyond the 
monitored output level is passed through a piston attenu- 
ator which is so designed that attenuation is linear over a 
range of 120 db or more. Voltage output is directly read 
on the scale. 

Rccause of its wide range and great stability, the - h p -  
616A UHF Generator is ideal for almost any precision 
UHF application. I t  is easy to use, compact to save bench 
space, and ruggedly built of finest components for long, 
trouble-f ree service. 

FREQUENCY 
P 

Figure 1. Block diagram, -hp-  616A Signal Generator. 

Figure 2. Rear view panel assembly - h p -  616A Signal Generator. 

SPECIFICATIONS 

Frequency Range: 1,800 to +,000 megacycles. Selection 
is made by means of a single directly-calibrated control 
covering the entire range. KO charts are necessary. 

Frequency Calibration Accuracy: t l  ”/o. 
Frequency Stability: 0.005 % per degree Centigrade 

change in ambient temperature ; line voltage changes of 
-t 10 volts cause less than 0.01 % frequency change. 

Oufput Range: 1 milliwatt or .223 volts to 0.1 micro- 
volt ( 0  dbm to -127 dbm). Directly calibrated in 
micro\ olts and db ; continuously monitored. 

Attenuator Accuracy: IVithin 21 .0  db from -7 db 
to -127 db without correction charts. A correction 
chart is provided kvhen greater accuracy is desired. 

Output Impedance: 50 ohms, nominal. VSWR 1.8. 

Modulation: Internal or external pulse or fin. 

Internal Pulse Modulation: Repetition rate variable 
from +0 to 1000 per second; pulse length variable from 
1 to 10 microseconds; and delay variable from 3 to 300 
microseconds (between synchronizing signal and rf 
pulse). 

External Pulse Modulation: Pulse requirements : Am- 
plitude from 40 to 70 v positive or negative, width 1.0 
microsecond to square wave. 

Trigger Pulses Out: 

1. Simultaneous with rf pulse. 

2. In advance of rf pulse, variable 3 to 300 niicro- 
seconds. ( Both approximately 1.0 microsecond rise time, 
height 10-50 volts.) 

External Sync Pulse Required: Aniplitude from 10 to 
50 volts of either positive or negative polarity and 1 to 
20 microseconds width. AIay also be synchronized with 
sine waves. 

FM Modulation: Oscillator frequency sweeps at power 
line frequency. Phasing and sweep range controls pro- 
vided. Maximum deviation approximately t 5  mc. 

Power Source: T h e  instrument operates from a 1151 
230 v 2 lo%,  50/60 cycle, single phase source. Power 
consiiniption : 160 watts. 

Approximate Size: 17” long, 13%’’ high and 11%” 
deep. Net Wcight 65 pounds. Shipping Weight 100 
poLlnds. 

Accessories Furnished: 61 B-16K ( 2 )  Four-foot cable 
with RG 8/U each end. 

61b-16H Power cable. 

S12-58 Six-foot cable with UG 2113/U each end. 

Cabinet plug (for “coarse zero adjustment”). 

Data  subject t o  change without notice. 
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ADVANTAGES: 

Direct reading frequency control 
Direct voltage control 
CW, FM or pulsed output 
Internal square wave modulation 
Broad pulsing capabilities 
Wide frequency range 
High stability, accuracy 
Sturdy, compact, precision-built 

USE TO MEASURE: 

Receiver sensitivity 
Selectivity or rejection 
Signal-to-noise ratio 
Conversion gain, VSWR 
Antenna gain 
Transmission line characteristics 

SHF SIGNAL 
GENERATOR 

MODEL 618B 

WIDELY VARIED PULSING CAPABILITIES 
FOR MEASUREMENTS 3,800 TO 7,600 MC 

NEW MODEL 618B Signal Generators bring the 
simple yet versatile operation and the varied 
pulsing capabilities of -hp- 616A Signal Gener- 

ator into the frequency range 3,800 to 7,600 mc. This  new 
and improved version of the -hp-  618A Generator offers 
internal or external pulse modulation, internal square 
wave modulation and frequency modulation. T h e  repeti- 
tion rate is continuously variable from 40 to 4,000 pps, 
and pulse width is variable from to 10 microseconds. 
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. T h e  instrument may be synchronized with 
an external sine wave or with positive or negative pulse 
signals. 
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SAW-TOOTH SWEEP 

For internal frequency modulation, Model 618B also 
offers a saw-tooth sweep rate variable between 40 to 4,000 
cps. Frequency deviation is variable up to k 3  mc. For 
external frequency modulation the instrument provides 
capacitive coupling to the repeller of the klystron oscil- 
lator. Maximum deviation is approximately t 5  mc. 

Model 618B maintains the same standards of accuracy 
and stability found in -hp- 614A and 616A Signal Gen- 
erators. And, it features the same simplicity of operation. 
Carrier frequency is set and read directly on one central 
tuning dial. T h e  calibration of this dial is essentially linear. 
No voltage adjustments are necessary during operation. 
(This is because the exclusive -hp- developed coupling de- 
vice causes oscillator repeller voltage to track frequency 
changes automatically.) R F  output is also set and read 
directly. No calibration charts are needed either for voltage 
or frequency control or their determination. 

REFLEX KLYSTRON OSCILLATOR 

Like Model 616A, the new 618B features an oscillator 
of the reflex klystron type, with an external resonant 
cavity. Oscillator frequency is determined by a movable 
plunger which varies the length of the cavity. Oscilla- 
tor output is monitored by a temperature-compensated 
thermistor bridge circuit. This  circuit operates virtually 
unaffected by ambient temperature conditions. Voltage be- 
yond the monitored output level is passed through a piston 
attenuator. This attenuator is designed to provide attenu- 
ation that is linear over a range of 120 db or more. 

Model 618B is perhaps the most useful and accurate 
commercial generator now offered in its frequency range. 
Because of its wide range, great stability, extreme accuracy 
and varied pulsing capabilities, it is ideal for almost any 
SHF application requiring a precision instrument. Like 
other -hp- instruments, it  is sturdily built of finest com- 
ponents. Circuitry is clean and easily accessible. Design 
and assembly is such as to provide years of reliable service 
with little or no attention to the instrument. 

SPECIFICATIONS 

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 ac- 
curacy better than 1 %. 

Frequency Stability: Frequency variation less than 
0.006% per degree centigrade change in ambient tem- 

perature; line voltage change of +10 volts causes less 
than 0.01% frequency change. 

Output Range: 1 milliwatt or 0.223 volt to 0.1 micro- 
volt ( 0  dbm to -127 dbm) into 52 ohms. Directly 
calibrated in microvolts and db (coaxial Type N con- 
nectar). 

* 

Attenuator Accuracy: Within t 2  db. 

Output Impedance: 52 ohms nominal. 

Modulation: Internal or external pulse and FM ; inter- 
nal square wave. 

Internal Pulse Modulation: Repetition rate variable 
to 10 from 40 to 4,000 pps, pulse width variable 

microseconds. 

Sync Out Signals: 1. Simultaneous with rf pulse-posi- 
tive. 
2. I n  advance of rf pulse-positive, variable 3 to 300 
microseconds. (Better than 1 microsecond 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: 40 to 4,000 pps and 5 to 50 volts am- 
plitude, both positive and negative, pulse width 0.5 to 
5 microseconds, rise time 0.1 to 1 microsecond. 

Internal Square Wave Modulation: Variable 40 to 
4,000 cps, controlled by “pulse rate’’ control. 

Internal Frequency Modulation: Saw-tooth sweep 
rate adjustable between 40 to 4,000 cps. Frequency 
deviation up to 2 3  mc. 

External Pulse Modulation: Pulse requirements : am- 
plitude from 15 to 70 volts positive or negative, width 
0.5 to 2,500 microseconds. 

External Frequency Modulation: Provides capacitive 
coupling to repeller of klystron. Max. deviation approx. 
k 5  mc. 

Power Source: 115 volts -t lo%,  50/60 cps, 250 watts. 

Size: 16%’’ x 13%’’ x 16”. Weight: 90 pounds. Ship- 
ping Weight : 165 pounds. 

Accessories Furnished: 61B-16K ( 2 )  Four-foot cable 
with UG-88/U connector at  each end. 
812-58 ( 1 )  Six-foot cable with UG-21 B/U connector 
at  each end. 
61B-16H ( 1 )  Power cable. 

D a t a  subject t o  change without notice. 
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SHF TEST SETS 

MODEL 624B / 623B 

ADVANTAGES: 

.223 volt maximum rf output 
Direct tuning, direct reading 
Pulse and FM modulated output 
Stable, accurate 100 db attenuator 
Variety of high-quality rf pulses 
Compact, sturdy, easily portable 

USES 

Measure receiver sensitivity 
Measure selectivity 
Transmitter tuning, power level 
Testing complete radar, gunfire 

control or beacon systems 
Determine external rf power 

or external frequency 
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HIGH-LEVEL, DIRECT-READING TEST 
SETS FOR LABORATORY, FIELD WORK 

MODEL 624B Test Set is a high-level, accurate, 
multi-purpose instrument designed to speed and 
simplify a wide variety of tests betweeen 8,500 

and 10,000 mc. It is an ideal one-piece unit for measuring 
receiver sensitivity or selectivity, transmitter tuning or 
power level, and is particularly adapted to testing com- 
plete radar or gunfire control systems or beacon equipment. 
T h e  instrument includes pulsing circuitry providing a vari- 
ety of high-quality rf pulses. 

-hp- 624B consists of a signal generator and a power and 
frequency meter section. T h e  generator includes a modern 
klystron generator with excellent frequency stability and 
an output attenuator of the waveguide-beyond-cutoff type, 
insuring high-accuracy and stability. T h e  attenuator is 
not subject to temperature, humidity or age changes. T h e  
power and frequency meter section can be used to adjust 
the signal generator's frequency and level as well as meas- 



ure external rf energy. T h e  instrument employs 50-ohm 
Type N coaxial connectors, and for maximum versatility 
includes adaptors for waveguide connection. 

-hp- 623B Test Set is designed for operation at  any fre- 
quency between 5,925 mc and 7,725 mc. This overall 
frequency range is covered in six bands, each of which is a 
full 300 mc wide. Bands are selected by installation of the 
proper klystron tube (see specifications). T h e  instrument 
is particularly useful in field-testing SHF radio relay sta- 
tions and communications equipment as well as general 
tests involving fm modulated equipment. I t  includes a 
1,000 cps modulator and may also be square-waved or 
pulsed by external sources with frequencies ranging from 
60 cps to 100 kc. 

Both -hp- 624B and 623B weigh less than 60 pounds, 
are of extra-sturdy construction and are equipped with 
carrying handles and snap-on cover. Sets also fit standard 
relay racks. 

COUPLING 
FQEO TRIMMER ATTEN. FREO 

PAD ? 

ATTEN. REFLEX 
KLYSTRON 

F ILTER MOD. 

ZERO 
SYNC OUT 

CABLE 
PULSER PULSE RATE 

PULSE WIDTH SYNC 

I P U L S E  
DELAY 

Figure 1 .  Simplified circuit diagram -hp- 624B Test Set. 

POWER 

METER I--- - 

External Sync: pulser operates free-running or 
in sync with external 5 v peak pulse, pos. or neg., or 
5 v rms sine waves. May be externally square-wave 
modulated. BNC jack. 

FM: Internal fm at power line frequency. %7.5 mc devi- 
ation max. Also fm modulation by external 35 to 3,500 
cps voltages. 

Trigger Pulses: (a )  Simultaneous with rf pulse, posi- 
tive. (b)  Variable, 2 to 250 psec ahead of rf pulse, 
positive. In either case amplitude greater than 10 v 
across 10,000 ohms. Pulse duration approx. 2 psec; rise 
time less than 0.5 psec. 

Power Meter: Range -6 dbm to +23 dbm, accurate 

Frequency Meter: Full range, accurate within 0.03 % 

Power Supply: 115/230 v -+ lo%,  50/60 cps, 200 watts. 

Size: 21” x 12” high; 14” deep. Weight 59 pounds. 

within + 1  db. 

at  25°C ambient. 

Shipping Weight 96 pounds. 

-hp- 623B SHF Test Set 

Overall Frequency Range: 5,925 to 7,725 mc. 

Operating Ranges 

5,925 - 6,225 
6,125 - 6,425 
6,575 - 6,875 

6,850 - 7,150 
7,125 - 7,425 
7,425 - 7,725 

Note: Test set supplied with one klystron for 
any one of the above frequency ranges. 

1 Output: 0 dbm ( 1  mw) to -70 dbm (0.223 v to 70 pv) 
into 50-ohm load. Direct-reading control. 

Output Accuracy: Within 2 db, 0 to -70 db, into 

Internal Modulation: FM from 1,000 cps internal 

matched load. 

SPECIFICATIONS 

-hp- 624B X-Band Test Set 

Range: 8,500 to 10,000 mc. 

Output: 0 dbm ( 1  mw) to -100 dbm (0.223 v to 3 
pv) into 50-ohm load. Type N jack. 

Output Accuracy: Within a 2  db, -10 to -100 dbm 
into matched load. 

Internal Modulation: Pulsed or fm. 

Pulse Modulation: Length variable from 0.25 to 10 psec. 
Rise and fall times, each, 0.05 psec. Rate variable 35 
to 3,500 pps. 

source. Phase and deviation adjustable. Max. deviation 
2 1 5  mc. 

External Modulation: F M ,  30 cps to 10 kc. May be 
pulsed or square-waved externally, 60 to 100,000 cps. 

Detector Output: Crystal detector to provide rectified 

(Other specifications for Power Meter, Frequency Meter, 
Power Supply and Size similar to 624B.) 

output when fm or pulsed power applied. 

Accessories Furnished: 
Model 624B: 

-hp- M-72 Power Cord. 
-hp- 618A-16F 6’ Cable with UG 21B/U each end. 
-hp- X281A Coax to Waveguide Adaptor. 

.Same cables as above and in addition spare crystal and 
thermistor, and J281A coax to waveguide adaptor. 

Model 623B : 

Data subject t o  change without notice. 
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POWER 
SUPPLY 

SPECIFICATIONS 

-hp- 710A Power Supply 

Voltage Range: Output continuously variable from 
180 to 360 volts. Either positive or negative output 
terminal may be grounded. 6.3 volts ac, center-tapped, 
also provided. 

Regulation: Output constant to approximately 1 % for 
loads of from 0 to 75 ma, and line voltage variations of 
+lo  volts for any setting. A maximum of 100 milliam- 
peres can be drawn. 

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

Input Power: 115/230 v +lo%, 50/60 cycles. 90 
watts full load. 

Mounting: Wrinkle gray finish. Panei size, 7Str x 8”. 
Cabinet depth, 11 g”. Weight 15 pounds. Shipping 
Weight 28 pounds. 

-hp- 710B Power Supply 

Same as Model 710A except voltage range 100 to 360 
volts. 

D a t a  subject to change without notice. 

HIGH-STABILITY REGULATED 
DC OR AC POWER SUPPLY 

HE -hp- Model 710A Power Supply is an excel- 
lent source of dc power for every laboratory and 
production department use. It has been designed 

to give the ultimate in flexibility, compactness, portability, 
and economy. Output is continuously variable between 
180 and 360 volts, and is practically independent of either 
line voltage or applied load for any setting. T h e  noise and 
hum level is very low for any condition of operation. T h e  
output is stable over long periods of time. Its small size 
requires a minimum of bench space when in use, and little 
storage space when idle. Since many set-ups which call for 
a source of well-regulated dc also require an ac source for 
supplying filaments, a center-tapped, 6.3 volt source which 
will supply 5 amps ac has been included. T h e  low cost 
makes it practical and economical to employ several of 
these instruments simultaneously. 

USES 

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

68 



POWER 
SUPPLY 

MODEL 712A 

L O W  COST POWER SUPPLY PROVIDES 
UP TO 500 VOLTS AT 200 MA 

NEW Model 712A Power Supply provides variable 
plate and bias supply voltages as well as ac fila- 
ment voltage for general laboratory, production 

and industrial use. T h e  instrument is similar in design to 
the -hp- Model 710A Power Supply, but is designed for 
use in the next higher power range. I t  provides variable 
dc voltage from 0 to 500 volts at 200 milliamperes, with 
0.5% regulation controlled by a single knob. T h e  instru- 
ment also makes available 0 to 150 volts for bias use, plus 
a 10 ampere ac current at 6.3 volts. Meters are provided 
to monitor both voltages and currents. 

This new power supply is designed to give maximum 
flexibility, compactness and portability. I t  requires little 
bench space, and is available for relay rack mounting. I t  
is an extremely \ ersatile instrument providing an economi- 
cal solution to a wide range of power supply problems. 

USES 

Because of its extreme convenience in varying the output 
voltage from 0 to maximum, Model 712A Power Supply 
is particularly applicable to laboratory work in powering 
temporary set-ups. I t  may be used to power oscillators, 
small transmitters, and complicated electronic systems. I t  
may also be used with some klystron tubes. T w o  units may 
be connected in series to provide double voltage. 

SPECIFICATIONS 
Output Vol tages: 

DC. H i g h  voltage. 0-500 volts (without switching) 
200 ma maximum load. 
DC. Bias voltage. 0-150 volts, 5 ma mavimum load. 
AC. Unregulated. 6.3 volts at amps maximum load. 

Regulation: 
H.V. Better than from no load to full load, 20 

to 500 volts; or for line voltage, 105 to 125 volts. 
Bias. Better than 1 “/c from no load to full load at maxi- 

mum output voltage. Regulation at any other volt- 
age depends on setting of voltage control. Internal 
impedance may be as high as 25,000 ohms. 

Meters: 
Current Me ter .  0-200 ma. (High voltage only.) 
Vol tme ter .  2 ranges-0-500 and 0-150 volts. I le te r  

range may be switched to facilitate reading of high 
voltage output. 0-150 volt range may be switched to 
read bias output voltage. 

Hum: Less than 5 mv. 
Terminals: Either positive or negative high voltage ter- 

minal may be grounded. Positive terminal of bias sup- 
ply is permanently connected to negative high voltage 
terminal. 

Input Power: Approximately 500 watts maximum at 
105-125 volts, 50/60 cycles. 

Overload Protection: Load and line separately fused. 
Fuses available on front panel. 

Mounting: Relay Rack Panel. Finish, -hp-  gray. De- 
tachable end pieces with hinged handles for table use, 
$5.00 per pair. 

Size: 10%” x 19”, 13” deep. Weight 62 pounds. Ship- 
ping Weight 100 pounds. 

Data subject t o  c h n n q ~  without noticc. 
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SPECIFICATIONS 

Supply No. 1: (Beam supply) Voltage range 250 to 400 volts; 
Max. current, 30 ma a t  250 volts, 50 ma a t  400 volts; regula- 
tion, approx. 1% from no load to full load a t  line voltages f rom 
105 to 125 volts ; ripple, less than 7 mv ; calibrated voltage con- 
trols provided. 

Supply No. 2: (Reflector supply) Voltage range 0 to 900 volts; 
max. current, 10 microamperes; regulation, within 1% for  line 
voltages from 105 to 125 volts for  fixed currents; ripple, less 
than 10 m v ;  calibrated voltage controls provided. 

Filament Supply: Provides 1.5 amperes max. a t  6.3 volts ac  +S%. 
Modulation: Squarewave modulation provided on supply No. 2 ; 

amplitude adjustable from 0 to 120 volts peak-to-peak. Square- 
wave rise and decay times less than 15 microseconds each; 
squarewave frequency adjustable over ?z 100-cycle range from 
nominal 1,000 cps center frequency. FM modulation on supply 
No. 2: 60 cps sine wave adjustable 0 to 350 volts peak-to-peak. 

External Modulation: Terminals and circuit provided for modu- 
lation from external source. Input impedance a t  external modu- 
lation terminals is approx. 100,000 ohms. 

Trigger Voltage: During internal modulation, trigger voltage is 
supplied for  synchronizing external equipment. 

Power Source: 115/230 v +lo%, 50/60 cps, 150 watts. 
Dimensions: 7%” wide, 11” high, 12” deep. 
Weight: 18 pounds. Shipping Weight 30 pounds. 
Accessories Furnished: 715A-16C Shielded Output Cable (for 

connection to klystron). 

Data  subject to change without notice. 

KLYSTRON 
POW POWER 
SUPPLY 

MODEL 715A 

VERSATILE POWER SOURCE FOR 
LOW-  POWER KLYSTRONS 

HE NEW -hp- 715A Power Supply was designed 
to meet the need for a compact, portable bench 
supply capable of operating many different types 

of low-power klystrons. 

T h e  Supply offers a regulated 250 to 400 volt beam 
voltage (continuously variable), a 0 to 900 volt regulated 
and continuously variable reflector supply and a 6.3 volt 
ac filament supply. T h e  reflector supply can also be square- 
waved internally at  the nominal frequency of 1,000 cps; 
and 60 cps fm modulation is provided on the reflector 
voltage. 

T o  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 resonator. 
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MICROWAVE EQUIPMENT FOR 
AND COAXIAL SYSTEMS WAVEGUIDE 

HEWLETT-PACKARD microwave 
test equipment is designed to 
provide a complete set of 
high-quality, low-cost instru- 

ments for measurement of microwave 
parameters including power, imped- 
ance, attenuation, frequency. I n  addi- 
tion to a wide variety of coaxial slotted 
lines, bridges, detectors, mounts, etc., 
the equipment includes complete in- 
strumentation in the waveguide field. 
Each instrument has been designed for 
broad band coverage, high stability, 
broadest applicability, convenient size, 
and simplest possible operation. High- 
est quality metals, alloys, components 
and insulation have been used in con- 
struction; and utmost care is taken 
during manufacture. All units are 
thoroughly tested before leaving the 
factory and are warranted to conform 
with, or exceed, specifications. 

General information concerning use 
and application of -hp- microwave 
equipment is presented on the follow- 
ing pages. T h e  discussion is separated 
into three parts : Power Measurement, 
Impedance Measurement, and Atten- 
uation Measurement. Details of -hp- 
microwave instruments,  themselves, 
begin on page 75. -hp- Signal Gener- 
ators for microwave use are shown 
separately in a section beginning on 
page 55 of this Catalog. 

, 

Letter Designations 
Model Numbers of -hp- waveguide 

components are normally preceded by 
a prefix letter. This letter designates 
the waveguide size and  frequency 
band of the instrument. Each -hp-  
waveguide instrument of a given band 
will have this same prefix in its model 
number. Six designator prefixes are 
used : 

2.6 to 3.95 kmc 
3.95 to 5.85 kmc 

“J” 1%”x% 5.85 to 8.2 kmc 
7.05 to 10.0 krnc 
8.2 to 12.4 krnc “XI, 

12.4 to 18.0 kmc “p,, 

IdH” 11/4 I! 5/, 

1 ” x % ” 
.702” x .391” 

Thus, an -hp- 370 Fixed Waveguide 
Attenuator designed for use with 3” x 
1%’’ guide is designated S370. T h e  
same instrument designed for the 
.702” x .391” guide is designated 
P370. 

M a n y  Hewle t t -Packard  instru- 
ments also have suffix letters in the 
complete model number. Normally 
the letter immediately following the 
model numbers indicates a new, modi- 
fied or special version of a basic model. 
Thus, -hp- 430B Microwave Power 
Meter is a new version of -hp- 430A 
Microwave Power Meter (the origi- 
nal instrument in its classification). 

However, in the case of certain -hp- 
microwave elements, the suffix letter 
indicates specific attenuation or cou- 
pling factors. Again, six designator 
letters are used: 

“A” 3 db 
“B” 6 db 
“C” 10 db 

“D” 20 db 
“E” 30 db 
“F” 40 db 

’Thus, the 20 db coupling version of 
-hp- 750 Cross-Guide Coupler will be 
designated as -hp- 750D. 

T h e  Model of the 750 built for 
I ”  x S’’ waveguide systems will, of 
course, have the size prefix designator 
“X”. Therefore, the complete model 
number of a 750 series Coupler with 
20 db coupling for use with 1” x %“ 
equipment is -hp- X750D Cross Guide 
Coupler. Use of this prefix and suffix 
code will simplify and speed inquiries 
and ordering. 

Flanges 

All -hp- waveguide equipment is 
equipped with plain AN cover flanges. 
When it is desired to connect between 
Hewlett-Packard instruments and a 
choke flange system, -hp- Model 290A 
Cover to  Choke Flange Adaptors 
(page 75) should be used. 

Finishes 

-hp- waveguide elements are fin- 
ished outside in grey, baked enamel. 
Conducting surfaces are plated with 
a bright, high-conductivity alloy, ex- 
cept when stated otherwise. 

Waveguide Equipment 

Hewle t t -Packard  Broad Band 
Waveguide Instruments are based on 
an entirely new design approach. T h e  
fundamentals of this new concept are: 

1. 

2. 

3. 

Each instrument is of simplest con- 
struction consistent with its basic 
function and covers the entire frc- 
quency range of its waveguide size. 

An integrated set of instruments 
is available for each commonly- 
used waveguide frequency from S 
to X band. 

New, simple mechanical design, in- 
corporating novel electrical circu- 
itry, insures high accuracy, stabil- 
ity, and quality; and yet makes 
possible quantity production at low 
cost. 

Wi th  new -hp-  waveguide equipment, 
you select the exact instruments you 
need. Each is designed in its most fun- 
damental form, yet is integrated me- 
chanically and electrically with the 
complete -hp- waveguide line. You are 
assured maximum operating flexibility, 
efficiency, convenience, and economy. 

Power Measurement 

I n  the microwave region, power 
measurements are considered to be 
more basic than current or voltage 
measurements. This is because power 
is invariant with position of measure- 
ment, while current and voltage (be- 
cause of the distributed nature of the 
transmission system at these frequen- 
cies) are not. 

T h e  measurement of power is ac- 
complished by means of a bolometer 
which changes the rf energy into heat 
energy. This causes the rmistance of 
the bolometer to change. T h e  resist- 
ance change is measured and used to 
determine the rf energy. 

There are several types of bolom- 
eters, and each has different character- 
istics. One type, instrument fuses or 
barretters, has a positive temperature 
coefficient of resistance. Another type, 
the thermistor, has a negative tempera- 
ture coefficient of resistance. -hp- 430B 
Microwave Power Meter is a self- 
balancing bridge designed to accom- 
modate either type of bolometer. Since 
the bridge is self-balancing, normal 
variations in the characteristics of bo- 
lometer elements do not introduce er- 
rors into the measurements. There is 
a small amount of zero-drift which 
can be easily adjusted before making 

71 



a measurement This adjustment does 
not affect sensitivity. 

A typical set-up for measuring mi- 
crowave power is shown in Fig. l. 
Here the -hp- 430B Microwave Pow- 
er Meter is connected to the detector 
mount. This may be any mount em- 
ploying instrument fuses, barretters, 
or thermistors either a t  the 100 or 
200-ohm impedance level. 

RF ENERGY BOLOMETER MOUNT 

SERIES POWER METER 

-hp- Detector Mounts have a vari- 
ety of forms, depending upon fre- 
quency and usage. -hp- 476A is for use 
from 10 ,to 1,000 mc; it is untuned 
and has a nominal impedance of 50 
ohms. -hp- S485A, 2.6 to 3.95 kmc, is 
also untuned and has a nominal input 
impedance matching RG48/U guide. 

Model 485B detector mounts em- 
ploy a single tuning control to match 
the applicable waveguide to a bolom- 
eter element. In general, their VSWR 
is less than 1.25 over the rated fre- 
qency range. If a completely flat line 
characteristic is desired, the mount can 
be preceded with an -hp- 870A Slide 
Screw Tuner  (Figure 2). 

The  power measured by a Detector 
Mount depends upon the relationship 
between the load and source imped- 
ance. In order to obtain maximum 
available power, the load should pre- 
sent a conjugate match to the source 
impedance. This can be achieved by 
properly adjusting a double-stub tuner, 
a stub-line stretcher, an E-H tuner, or 
a slide-screw tuner. These  tuners 
transform the magnitude and phase of 

POWER SOURCE 

Figure 2: Method of measuring maximum 
available power. 

-hp- -hp- 
370 485 430 

ATTENUATION BOLOMETER 
POWER METER PAD MOUNT 

the source impedance in order to con- 
jugate match it to the load impedance. 

Errors that result from generator 
and load mismatch have been dis- 
cussed under Signal Generators, pages 
55 to 57. Such errors, however, are 
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generally small and may usually be 
disregarded. 

In  general, square-wave or pulse 
modulated power can be measured ac- 
curately with either a barretter, fuse, 
or thermistor, subject to certain limi- 
tations which depend upon the charac- 
teristics of the bolometer element in 
conjunction with the bridge oscillator. 
However, in -hp- 430B Power Meter 
these limitations are not serious. Power 
from pulses of low duty cycle up to 
50% (square-waves) can always be 
measured if the repetition rate is kept 
above the following minimum fre- 
quencies : Barretters, 2000 cps ; Fuses, 
1000 cps; and Thermistors, 400 cps. 
(These frequency limitations do not 
apply to pulses of approximately 10 
microsecond width or less.) Further- 
more, care should be taken to avoid 
modulating frequencies approaching 
the bridge oscillator frequency (10.6 
kc) or its sub-multiples (5300, 2650, 
2120 cps, etc.). 

-hp- 485 Detector Mounts accept 
both barretters and thermistors ; while 
the Model 476A accepts instrument 
fuses. 

Wi th  the procedure outlined in the 
above paragraph, power up to 10 milli- 
watts may be readily measured. In  
many cases, it is desirable to extend 
this range to measure higher powers. 
This is achieved by attenuating the 
unknown power, o r  measuring a 
known portion of the unknown power. 

One method is to employ pads be- 
between the source being measured and 
the power mount. Such pads as -hp- 
370 series are available in attenuations 
of 6 db, 10 db, and 20 db; thus giving 
maximum measurable powers of 40, 
100, and 1,000 milliwatts respectively. 
T h e  set-up for employing these pads is 
shown in Figure 3. For still higher 
powers, a directional coupler (-hp- 750 
or -hp- 752) with a known coupling 
coefficient should be used, as shown in 
Figure 4. Here the waveguide is termi- 
nated with Model 912A High Power 
Terminat ion,  which is suitable for  
average powers up to 250 watts in the 
larger size waveguide, and 100 watts 
in the smaller size. 

Impedance Measurements 
Of all the possible measurements to 

be made in design and production, 
probably the most important one is 
impedance measurement. Wi th  distri- 
buted parameters an impedance varies 
w i th  the position of measurement. 
Hence, all impedance measurements 
must be referred to some reference 
plane. Since impedance is a measure of 
the reflected energy caused by the 
load, information concerning a load 
can often be obtained by determining 
the magnitude of the reflection coeffi- 
cient. This  can be expressed as voltage 
standing wave ratio, or ratio of maxi- 
mum-minimum voltage in the system 
feeding the load. 

One  method for measuring these 
quantities is to use a slotted section of 
transmission line. Here a probe may 
be introduced to measure the voltage 
pattern along the line. A typical set- 
up for this measurement is shown in 
Figure 5. 

T h e  usual practice is to amplitude 
modulate the signal source and to use 
a crystal or bolometer to detect the 
probe output. T h e  probe output is 
then fed to a high sensitivity, tuned 
voltmeter such as the  -hp- 415A 
Standing Wave Indicator. By sliding 
the probe along the slot, the VSWR 
and the position of maxima and mini- 
ma can be determined. From these 
values, magnitude and phase of reflec- 
tion coefficient can be easily computed. 

In  measuring with this set-up there 
are several places where errors may 
occur. A proper operating technique 
will eliminate or minimize these errors 
as much as possible. Errors may arise 
from the following causes: Probe load- 
ing, generator match, detector charac- 
teristics, harmonics, fm and other 
spurious generator signals. 

Harmonics and spurious signals may 
be minimized by the use of filters and 
modulation techniques as explained on 
pages 55, 56, and 57 of this catalog. 

Since the ratios of different voltage 
levels are being measured, it is essen- 
tial that the detector follow the same 
law for all levels. If barretters are 
operated at  levels less than 200 micro- 

* 

Figure 3: Set-up for measuring power levels below 1 watt. 



watts and crystals at  power levels of 
less than 20 microwatts, the character- 
istics are essentially square-law. It is 
upon this assumption that the -hp- 
415A meter scale is calibrated. This 
condition will be adequately met in 
the set-up shown in Figure 5 (for 
standing wave ratios of 10 to 1 or 
less), if the probe coupling is reduced 

Figure 4: Use of directional couplers in 
making high power measurements. 

Figure 5: Typical set-up for  impedance 
measurements. 

to a point where the minimum is 5 to 
10 db above the system noise level. 

Further, the sampling probe will 
extract some power from the line to 
supply the detector and indicating de- 
vices. Therefore, the probe itself can 
affect fields within the line. This error 
becomes greater as the probe coupling 
or penetration increases. T h e  probe 
can be considered as admittance shunt- 
ing the line. This  admittance is kept 
small by coupling as loosely as possible 
(small penetrations) and by using a 
high sensitivity detector in conjunc- 
tion with a source output of one milli- 
watt or more. If the coupling between 
the probe and the line is not small, 
shunt admittance introduced by the 
probe will cause the measured V S W R  
to be lower than the true VSWR,  and 
will shift both the maximum and mini- 
mum from their natural positions. T h e  
effect of the probe conductivity on a 
measured V S W R  is shown in Figure 6. 

An exception to this minimum pene- 
tration rule occurs when one desires 
to examine in detail the minimum 
point on the voltage standing wave 

ratio pattern. For this work a greater 
probe penetration can be tolerated ; 
because the minimum corresponds to 
the lowest impedance point on the line. 

Various methods of measuring 
VSWR's have specific advantages for 
different VSWR ranges. Straight-for- 
ward measurement of VSWR by con- 
ventional methods is generally pre- 
ferred when measuring VSWR's in 
the range of 10 to 1 or less. But when 
the VSWR is high, coupling to the 
probe must be high in order to obtain 
readings at the minimum. This may 
result in deformation of pattern when 
the maximum is measured. There is 
also a possibility of error due to a 
change in detector characteristics be- 
cause of rf level changes. 

T o  measure VSWR's greater than 
10 to 1 within 1% accuracy, the 
twice-minimum-power method is rec- 
ommended. Here, it  is only necessary 
to establish the electrical distance be- 
tween the points that are twice the am- 
plitude of the minimum. T h e  V S W R  
can be obtained by substituting this dis- 
tance into the following expression as 
shown in Figure 7 : 

u,,= Voltage Standing W a v e  Ratio of 

A,=Guide wavelength 
Ax = Distance between "twice- 

Load 

minimum-power" points 

T h e  value referred to in this meth- 
od is the twice-power value. There- 
fore, if the linear voltage indicator 
is used with a square-law detector, the 
voltage indication of the twice-power 
point will be twice that of the mini- 
mum. If a standing wave indicator 
(calibrated for use on a square-law 
detector such as the -hp- 415A or a 
linear receiver) is used, the ratio of 

NORMALIZED PROBE CONDUCTANCE I 
Figure 6: Effect of probe penetration on 

measured VSWR. 

I I I 

I I I 
DISTANCE I 

Figure 7: Twice minimum power method 
for  measuring VSWR. 

the two readings will be 1.4 to 1 volt- 
age-wise or 3 db power-wise. 

T h e  fact that the sampling probe 
penetrates into the slotted section gives 
rise to reflections in the probe itself. 
These reflections travel back towards 
the generator. If the generator is mis- 
matched, these reflections a re  re- 
reflected. When the probe is moved 
under these conditions, the phase of 
the reflection is changed and errors 
result. However, reflections from the 
generator are a second-order effect, 
important only when measuring low 
standing wave ratios (2  to 1 or less). 

I I 

Figure 8: Impedance measurements for 
frequencies below 500 mc. 

I n  this case, a moderately good match 
between the generator and load is de- 
sirable. In  general, the match of a 
signal generator is sufficient for this 
purpose, providing the cables and 
connectors do not introduce spurious 
reflections. But when klystrons are 
used directly to feed a waveguide net- 
work, the match is poor. Therefore, the 
klystron should always be followed by 
a pad. Again, probe reflections can 
and should be minimized by using 
the smallest practical probe penetra- 
tions or couplings. 

Below 500 mc, slotted sections be- 
come exceedingly long; and other tech- 
niques for impedance measurements 
are more desirable. For these frequen- 
cies, -hp- Model 803A VHF Bridge 
is ideal. (See Figure 8.) 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 
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the bridge should be adequately shield- 
ed. T h e  signal source supplying this 
bridge should be capable of deliver- 
ing several milliwatts of power for a 
well defined sharp null to be observed. 
T h e  detecting equipment should have 
high sensitivity, as does the -hp- 417A 
which is designed to be used primarily 
with Model 803B Bridge. 

T h e  bridge is basically an unbal- 
anced device; and in many cases it is 
desirable to measure balanced systems. 
This can be accomplished by the use 
of a balun, a simple form of which is 
shown in Figure 9. This structure is 
equivalent to a 4 to 1 impedance trans- 
former. Hence, impedances measured 
at  the input of the balun should be 
multiplied by 4 to obtain the actual 
impedance. 

A third method for measuring re- 
flected energy is to employ a directional 
coupler with high directivity such as 
-hp- 752. (See Figure 10.) Directivity 
is the overall discrimination of the for- 
ward and reverse power, and deter- 
mines the accuracy with which the re- 
flection coefficient magnitude may be 

DETECTOR 
WAVELENGTH 

Figure 9: Measurement set-up using 
balun with balanced load. 

measured. This accuracy is expressed 
by the following formula: 

Accuracy in magnitude of reflection 
coefficient=IOO+ ( IO cuJzO o/o 
where %=directivity expressed in db. 

-hp- 752 series couplers have di- 
rectivities of 40 db. T h e  above for- 
mula shows the magnitude of the re- 

Figure 10: Measurement of reflection 
coefficient with directional couplers. 

flection coefficient may be measured 
with an accuracy of 1%. T h e  set-up 
shown employs two couplers: one to 
measure forward power; and one to 
measure reverse power. T h e  ratio of 
reverse to forward power is the re- 
flection coefficient of the load. In 
using this arrangement (particularly 
with loads which are near a match or 
have a low reflection coefficient) it 
may be necessary to reduce the power 
in the forward direction with the 
help of a coupler of lower coupling 
coefficient or by using a pad. This  in- 
sures that the power delivered to the 
detector will be kept sufficiently low 
to permit the detector to operate on a 
square-law characteristic. Maximum 
power should be limited to a low value 
corresponding to the type of detecting 
element employed. 

Attenuation Measurement 

Attenuation measurements are usu- 
ally made by a substitution or modified 
substitution method. A set-up for sub- 
stitution measurement is shown in Fig- 
ure 11 (A) .  Here the signal source is 
connected to a detector mount through 
a length of lossless transmission sys- 
tem in which place the attenuator pad 
may be substituted. A reading is ob- 
tained on the output indicator with a 
section of lossless line in the circuit. 
T h e  lossless line is then replaced by 
the attenuator pad being measured. 
T h e  power attenuation a t  the output 
indicator is a measure of the pad at- 
tenuation. This  measurement requires, 
first, that the law of the detector be 
known over the complete frequency 
range of the measurement; and sec- 
ond, that reflection effects in the svs- 
tem be essentially the same both with 
and without the pad. 

T h e  detector's characteristics may 
be determined in several ways. One  
method is by using, as an indicating 
device, a power monitoring set-up such 
as a bolometer mount and an -k+ 
430B Microwave Power Meter. This  
will allow attenuation measurements 
over a range of approximately 20 db. 
Another method is to employ a bar- 
retter mount and an -&- 415A Stand- 
ing Wave Indicator. In this case, the 
signal source must be modulated. As 
long as the rf power is kept below 200 

microwatts, the detector characteristic 
will be square-law ; and calibration on 
the 415A voltmeter may be used as a 
direct indication of attenuation. This  
method will measure attenuation up 
to 30 or 40 db, and is somewhat 
quicker and simpler than direct power 
monitoring. For measuring higher at- 
tenuation, a linear receiver can be sub- 
stituted for the detector. T o  eliminate 
effects of reflection between generator 
and attenuator, and attenuator and 
load, it is desirable to use pads as 
shown in the set-up. This  permits re- 
flections to be held constant. Thus,  
power losses in these reflections are 
the same, whether the attenuator is in- 
serted or not. These pads should be 
well  matched to  the transmission 
system. 

An additional method of calibrating 
attenuators is shown in Figure 11 ( B )  . 
This  method is particularly applicable 
when signal generators with accur- 
ately calibrated attenuators are avail- 
able. In this set-up, the output of the 
signal source is fed through an accu- 
rately calibrated attenuator to the at- 
tenuator being calibrated and then 
into the load or detector. T h e  attenua- 
tor being measured is removed, and a 
reading is obtained upon the detector. 
T h e  setting of the signal generator at- 
tenuator is noted. T h e  attenuator is 
then inserted, and the signal generator 
output is adjusted to obtain the same 
output reading as before. T h e  differ- 
ence between the signal generator at- 
tenuator settings is the attenuation of 
the attenuator in db. Since the detector 
is always operated a t  the same level, 
detector law is no problem. T h e  prob- 
lem of padding, however, remains as 
before. 

Figure 11 (A) and 11 (B): Set-up for cali- 
brating attenuators. 
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WAVEGUIDE T O  
COAXIAL ADAPTORS 

These adaptors provide a convienient means of trans- 
mission between waveguide and coaxial systems. Power 
may be fed in either direction, and each adaptor covers the 
full frequency range of its waveguide size with VSWR of 
less than 1.25. These instruments use a probe with a low- 
loss dielectric sheath to transform waveguide impedance 
into coaxial cable impedance. They are fitted with a stand- 
ard Type N plug connecting to a coaxial cable and a plain 
AN flange for connection to waveguide. 

- h p .  281 A Adoptors 

Length 
M o d e l  ( , " I  

S281A 3 3h 

G281A 2 w 

J281A 2 

H281A I l/d 

X281A 

COVER T O  CHOKE 
FLANGE ADAPTOR 

p 
I !  

These instruments consist of a short waveguide section 
with a plain AN cover flange on one end and a choke 
flange on the other. They provide an efficient connection 
between -hp- waveguide equipment and choke flange equip- 
ment;  they may also be used as a choke mounted on a 
test instrument flange. (All -hp-  waveguide equipment is 
provided with plain AN flanges.) 

SPECIFICATIONS, -hp- 281A / 290A Adaptors 

-hp- 290A Adaptors Frequency Waveguide 
Range 

Cover, Choke Length kmc (,"I 
M o d e l  Flonge Flonge (Id 

3 2 60 3 95 3 x I '/> S290A UG53 U UG54A U 

G290A UG149A U UG148B U 2 3 95 5 85  2 x 1  

I 3/4 5 8 5 8 2 0  I 'I2 x 'I4 

UG52A U I K 705 1000 I 'id x 'Is 

UG40A U 1% 8 20 I ?  40 1 x 1% 

J290 UG344 U UG343A U 

H290A UG51 U 

X290A UG39 U 

UG541 U I 'is 1 2 4 0 1 8 0 0  7 0 2 x  391 P290A UG419 U 

hn 281A Maximum VSWR 1 25 over entire frequency ronge 

Data subject t o  chnnqr ui thout  noticr. 
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L O W  PASS FILTERS 

SPECIFICATIONS 

Cut-off Frequency: ELIMINATE HARMONICS. TRANSMIT 
Model c u t - o f  ENERGY AT A SINGLE FREQUENCY 

-hp- 360A 700 mc 
-hp- 360B 1,200 mc 
-hp- 360C 2,200 mc 
-hp- 360D 4,100 mc 

MODEL 360 Low Pass Filters are designed to facili- 
tate microwave measurements by eliminating har- 
monics and permitting the transmission of energy 

a t  a single known frequency. Such isolation of a single 
frequency is of particular importance in the making of 
slotted line measurements, in checking filter characteristics, 
in determining receiver response and other applications 
where harmonics are objectionable. 

’ 

Insertion Loss: Not over 3 db throughout pass band. 

Rejection: 50 db or more attenuation at  1.2 x (Cut-off 
Frequency). 

Nominal Impedance: 50 ohms through pass band. Should 
be matched for optimum performance. 

( U G  23/U) 

NO SPURIOUS RESPONSES 
These -hp- filters consist of brass tubes fitted with a 

multi-section coaxial type filter. T h e  ends are terminated in 
Type (UG 21/u) Type Type N fittings, one male and one female. Attenuation in 

the pass bands less than 3 db ; and attenuation in the 
band is more than db. There are no spurious re- 

sponses up to times cutoff frequency. Data  subject to change without notice. 

60 

50 

4 

20 

0 
FREQUENCY 

Figure 1. Typical rejection characteristics. Figure 2. Typical band pass characteristics. 
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WAVEGUIDE 
A T T E N U A T O R S  

MODELS ,370, 375, 380 

-hp- Model 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. T h e  
instruments consist of a rectangular waveguide in which a 
strip of resistive material is mounted. Position of the strip 
is factory-adjusted to give an exact attenuation value at  
mid-frequency of the waveguide band. Model 370 handles 
power to a 1 kw peak, 1 watt average. Attenuation of 6, 
10 and 20 db is offered, accurate to within t 0 . 2  db. 
Maximum VSWR is 1.15 over the full band width. 

-hp- Model 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 single slotted section in 
which a matched resistive strip is inserted a variable 
amount. T h e  degree of strip penetration determines attenu- 
ation. A dial shows average reading over the frequency 
band, and a dust cover with shielded braid reduces external 
radiation and eliminates hand capacity effects. 

Model 375 Attenuators have a maximum VSWR of 
less than 1.15 over the guide frequency range. Attenuation 
is variable 0 to 20 db; the equipment dissipates average 
power of 1 watt (except small waveguides where maxi- 
mum dissipation is 0.5 watts). Dial calibration is accurate 
within -+1 db from 0 to 10 db, + 2  db from 10 to 20 db. 

-hp- Model S380A Calibrated Variable Attenu- 
ator. Here is a convenient, efficient instrument for setting 
exact power level or measuring attenuation in wave- 
guide system. T h e  equipment consists of a waveguide sec- 
tion with an attenuating plate parallel to the narrow face 
of the waveguide. A micrometer adjustment moves the 
plate across the waveguide, increasing attenuation from 0 
to 10 db as the plate nears the center of the guide. Maxi- 
mum average power is 1 watt;  peak power level is 1 
kilowatt. 

Specifications S380A: Frequency range 2.60 to 3.95 
kmc. Waveguide size 3" x 1%". Maximum attenuation 
10 db. Insertion loss less than 0.5 db. VSWR 1.15. 
Power dissipation 1 watt. Calibration frequency 3.0 kmc. 
Calibration accuracy 0.3 db. Calibration for other fre- 
quencies available on request. 

SPECIFICATIONS, -hp- 370, 375 Attenuators 

-ho- Model 370. -hp- Model 375A 
Frequency Waveguide 

Power Range Size 
lml Celib. Power 

Model Freq. Dissipation ';:jth Model Dissipation length kmc 
kmc Watts wat t *  l l n l  

5370 3.0 

G370 4.5 

1370 7 0  

H370 8.6 

X370 10.0 

P370 15.0 

1 .o 12 S375A 1.0 14% 2.60-3.95 3 I 1'1, 

1.0 10% G375A I .O 13 3.95-5.85 2 x I 

1 0  7 %  J375A 1 0  

I O  6 %  H375A I O  

1 0  5 %  X375A 0 5  

13 5.85-8.20 1 1 'L 

7% 7.05-10.00 I 'A x I/o 

7 %  8.20-12.40 l i %  

1.0 4 %  P375A 0.5 7 %  12.40-18.00 .702 x ,391 

Maximum VSWR 1.15 for all models. (*Note: Model number suffix indicates 
d b  of 370 series attenuators. Suffix "6". 6 db. Suffix "C", I O  db. 
Suffix D", 20 db. Example: Model G370B is a 6 d b  attenuator for the 
3.95 t o  5.85 frequency range.) 

Data subject t o  change without notice. 
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SPECIFICATIONS 

-hp- 475B 

Frequency: Approx. 1,000 to 4,000 mc. (Varies with 
VSWR, phase of source and value of bolometer load.) 

Fittings: Type N female, (UG23/U)  for incoming 
power; B N C  Type (UG89/U)  for bolometer dc con- 
nection. Type N connector fitting supplied ,to replace 
B N C  connector, so mount may be used as a conventional 
double-stub transformer. 

Power Range: 0.1 mw to 10 mw full scale (with -hp- 
430B). 

Power Sensitive Element: Specially selected 1/ 100-am- 
pere instrument fuse (-hp- G 2 8 A  Sperry 821 bar- 
retter, Western Electric Type D 166382 thermistor. 

Size: 7%’’ x 18” x 2%” deep. Weight 8 pounds. Ship- 
ping Weight 22 pounds. 

Accessories Furnished: 2 Barretter Adaptors ; 1 Type 
N Male Connector (UG21/U)  for output terminal. 

SPECIFICATIONS 

-hp- 476A 

Nominal Impedance: 50 ohms. 

Maximum VSWR: Less than 1.15, 20 to 500 mc. 

Maximum Power: 10 milliwatts. 

-RF Connector: Type N ,  UG23/U. 

Output Connector: Type BNC, UG625/U. 

Bolometer Element: Four l/lOO-ampere Buss instru- 

Less than 1.25, 10 to 1,000 mc. 

ment fuses, specially selected and treated ( - h p  G28B). 

D a t a  subject to change without notice. 

TUNABLE 
BOLOMETER MOUNT 

M d  475B 

WIDE-BAND MATCHING SYSTEM FOR 
MICROWAVE POWER MEASUREMENTS 

This  -hp- bolometer mount is a virtual necessity for 
convenient, accurate microwave power measurements. It 
is a double-stub tuner capable of matching 50-ohm coaxial 
systems into 100- or 200-ohm bolometers and is continu- 
ously tunable, 1,000 to 4,000 mc. T h e  instrument uses a 
Sperry 821 barretter, a thermistor or a l/lOO-ampere in- 
strument fuse. R F  energy absorbed by the bolometer is 
measured by means of a bolometer bridge, or by using a 
self-balancing bridge such as -hp- 430B Microwave Power 
Meter (see page 79) .  

UNIVERSAL BOLOMETER 
M O U N T  

. 

,, 

MODEL 476A 

NO TUNING, NO ADJUST- 
MENT. 10 TO 1,000 MC 
Used with -hp 430B M’ icrowave 

Power Meter, this universal bolom- 
eter mount measures power from 10 to 
1,000 mc and gives instantaneous, 
automatic power readings from 0.02 
to 10 milliwatts. No tuning or ad- 
justment is necessary. Higher powers 
may be measured by use of attenuators 
and directional couplers in conjunction 
with Model 476A. V S W R  is low, 
and reflected power is less than 0.1 db 
under most conditions. 
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M I  MICROWAVE 
POWER 
METER 

MODEL 430B 

E 

DIRECT, AUTOMATIC, INSTANTANEOUS 
PULSED OR CW POWER READINGS 

HIS NEW -hp- Microwave Power Meter gives you 
instantaneous rf power readings direct in db or 
mw-and completely eliminates tedious computa- 

tion and troublesome adjustments during operation. T h e  
instrument may be used at  any frequency for which there 
are bolometer mounts-and measurements are entirely 
automatic. 

In measuring CW power, -hp- 430B uses either an in- 
strument fuse or barretter as a bolometer element. Also, 
CW or pulsed power may be measured using a negative 
temperature coefficient thermistor a t  100 or 200-ohm 
levels. Power is read direct in milliwatts, .02 to 10 mw, 
or in dbm from -20 to +lo. Higher powers ma> be 
measured by adding attenuators such as -hp- 370 and 380 
series (see page 77) to the system. Directional couplers 
such as -hp- 750 may also be used to sample energy. (Se t ,  
page 82.) 

CIRCUIT DESCRIPTION 

-hp- 430B consists of an audio bridge, one arm of which 
is a power-sensitive element. T h e  bridge is initially bal- 
anced with no rf power in the element. As rf power is 
applied, the equivalent in audio power is automatically re- 
moved, so the bridge remains in balance. T h e  change in 
audio power level indicates directly on a vacuum tube volt- 
meter which is calibrated to show rf power in the sensitive 
bridge arm. 

SPECIFIATIONS 

Power Range: 5 ranges, front panel selector. F d l  scalc 
readings of . I ,  .3, 1,  3 and 10 mw. Also continuous 
readings from -20 to + lo  dbm. ( 0  dbm = .001 wat t ) .  
Power range may be extended with attenuators or 
tlii-ectional couplers in microwave system. 

External Bolometer: Frequency Range depends 011 bo- 
lometer mount. Bolometer must be 200 ohms at approx. 
15.3 mw power level. For CW measurements, may be 
1/100 ampere instrument fuse or barretter. ( Sperry 
Model 821.) For pulsed or C\V power measurements, 
also uses negative temperature coefficient thermistor at 
100- or 200-ohni level. 

Accuracy: t 5  ”/o of full scale reading. 

Size: 12” wide, 10” deep, 10” high. 1” meter. 

Weight: 17 pounds. Shipping IVeight 32 pounds. 

Power: 115/230 v & l o % ,  50/’60 cps, 75 watts. 

Accessories Furnished: - h p -  11A-16G-3S’ Shielded 
Cable with BNC connector at one end. 

Data subject t o  change without notice. 
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SPECIFICATIONS 
-hp- 485 Detector Mounts 

Model M a x i m u m  
VSWR 

S485A 1.35 

G485B 1.25 

J485B 1.25 

H485B 1.25 

X485B 1.25 

Frequency 
Range 

kmc 

2.60-3.95 

3.95-5.85 

5.85-8.20 

7.05-10.00 l ' % x %  5% 

8.20-12.40 1 X H  5 %  

All mounts accept either crystal or barretter except -hp- S485A. 
which employs barretter only. 

Waveguide Length 
Size (in1 (in) 

3 x l H  4 %  

2 x 1  10% 

1 %  x % 6% 

Figure 1. Typical VSWR vs. Frequency, -hp- 485, when used 
with barretter. 

Data  subject to  change without notice. 

DETECTOR MOUNT 

MODEL 485 

SIMPLE DEVICE FOR MEASURING 
OR DETECTING RF POWER 

OFFERED in two basic models, these detector mounts 
are designed so that a single tuning control is suf- 
ficient to accurately match waveguide sections to a 

bolometer element for measuring power. For the detec- 
tion of rf energy the bolometer element can be replaced 
by a crystal. 

Model S485A (for the frequency band 2.6 to 3.95 kmc 
only) is designed for use with a Sperry 821 Barretter ex- 
clusively, and requires no tuning. I t  has a VSWR of less 
than 1.35 over entire waveguide band. 

485B series, for higher waveguide frequencies, are tuned 
by a variable short which can be adjusted to a VSWR of 
less than 1.25 over respective waveguide bands. For power 
measurements this results in a reflection loss of less than 
0.1 db. 485B models accommodate either a 1N21 or 1N23 
silicon crystal or a Sperry 821 Barretter. 

In  all models detected output appears at  a BNC jack 
mating with a U G 8 8 / U  plug. Detector elements can be 
quickly interchanged. For measuring maximum power 
from a mis-matched source, these detectors may be pre- 
ceded by a slide screw tuner such as -hp- 870A. T h e  detec- 
tors are also ideal for use with -hp- 430B Microwave 
Power Meters, or -hp- 415A Standing Wave Indicator. 
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MICROWAVE 
FREQUENCY METER 

MODEL 630A 

REACTION-TYPE GENERAL PURPOSE 
METER FOR LAB OR PRODUCTION USE 

frequency meter is an inexpensive general 
purpose test instrument offering good accuracy 
over an entire waveguide band. I t  consists of a 

high Q resonant cavity which is tuned by a choke plunger. 
I here are no sliding contacts. T h e  cavity is mounted on a 

special waveguide section so designed that a small amount 
of power is reflected at resonance, while the major portion 
is transmitted. Resonance in the meter is indicated by a 
dip of approximately 20% in output. Reaction at  resonance 
is approxiniately constant over the entire waveguide range, 
and there are no spurious modes or resonances. 

Accuracy of Model 530A is better than 0.1%. It is 
tuned with a large standard micrometer unit. Readings 
may be quickly converted to determine frequency meas- 
ured. For rapid frequency checks, the instrument also bears 
a quick reference summary of major calibration points. 
Conducting surfaces are silver plated. 

SPECIFlCATIONS 

-hp- 530A Microwave Frequency Meters 

Frequency W a v e g u i d e  
M o d e l  Accuracy Range 

kmc Iinl 

Data subject t o  changi, without noticc. 
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DIRECTIONAL 
COUPLERS 

MODEL 752 

, EASY-TO-USE, PRECISION COUPLERS 
SIMPLIFY WAVEGUIDE MEASUREMENTS 

DIRECTIONAL couplers such as -hp- 752 and -hp- 
750 are important tools in waveguide measure- 
ments. They may be used to monitor power, 

measure reflections, mix signals or isolate signal sources or 
wavemeters. They have the property of inducing into an 
auxiliary guide a power proportional to that flowing in the 
main guide. In addition, power flowing in one direction in 
the main guide induces uni-directional power in the 
auxiliary. 

T h e  ratio between power applied to the main guide and 
power delivered from the auxiliary is known as the 
“coupling factor” and is generally expressed in decibels 
(db). Example: 20 db coupling means a ratio of powers 

T h e  flow of coupled power in the auxiliary is ideally 
uni-directional; however, some reverse flow of power is 
unavoidable. T h e  ratio between forward and reverse power 
in the auxiliary guide is termed the coupler’s “directivity.” 
This directivity is also expressed in db. 

of 1oo:r. 
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-hp- 752 MULTI-HOLE COUPLERS 

In  this -hp- 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 in two rows along the broad faces of the wave- 
guides. Power flowing down the primary guide couples 
through the holes, exciting waves which propagate in both 
directions in the auxiliary. T h e  coupling holes are spaced 

wavelength apart, and thus waves traveling in the re- 
verse direction are out of phase and cancel each other. 
Waves traveling in a forward direction reinforce each 
other. (Figure 2.) 

Figure 1. Construction, -hp- 752 Directional Couplers. 

t+i 
Figure 2. Cross-section, two-aperture coupler. 



The auxiliary guide of Model 752 is terminated in a 
low reflection load at  one end and in a plain cover flange at  
the other end. Detection of power in the auxiliary arm can 
be achieved readily by connecting a crystal detector or bo- 
lometer mount to the open end. 

-hp- 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. T h e  coupling factors are 
10 and 20 db; accuracy of mean coupling level is +0.4 db;  
and frequency sensitivity of coupling is + O S  db over the 
waveguide frequency range. 

USES AND ADVANTAGES 

Because of its high directivity (Figure 3) this equipment 
is particularly suited for measurement of very small re- 
flections, for rapidly adjusting transmission line flatness 
over the entire frequency range of the guide or for broad- 
band reflectometer applications. Wi th  Model 752, a single 
oscilloscope presentation of V S W R  vs. frequency is easily 
made. In  this operation, output of the auxiliary arm of the 
coupler is detected, amplified and applied to the vertical 
plates of the oscilloscope tube. T h e  frequency applied to 
the system is swept and a voltage proportional to this fre- 
quency is applied to the horizontal plates of the oscillo- 
scope. T h e  resulting trace is a plot of reflection vs. fre- 
quency. Figure.4 shows a simplified setup for making this 
measurement. 

-hp- 750 Cross-Guide Couplers. For many applica- 
tions the precision multi-hole coupler is not required. An 
inexpensive and compact instrument suited to numerous 
laboratory tests is -hp- 750 Cross-Guide Coupler. 

This unit consists of two waveguide sections joined a t  
right angles across their broad faces. It is available in cou- 
pling factors of 20 or 30 db, 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. T h e  unit is well suited for power monitoring, 
for isolation and mixing powers. 

9 

9 
KMC 

TYPICAL 

Figure 3. Characteristics, -hp-  752 Coupler - 10 db model. 

-hp- 4 5 0 A  
AMPLIFIER DETECTOR 

Figure 4. Setup for reflection vs. frequency measurements. 

SPECIFICATIONS 

-hp- 752 Multi-Hole Couplers 

Model 

S752C 

57520 

G752C 

G752D 

J752C 

J752D 

H752C 

H752D 

X752C 

X752D 

Coupling Frequency Range Waveguide Size Approx. Length 
kmc l i d  lid 

10 

20 

IO 

20 

IO 

20 

10 

20 

IO 

2 6 . 3 9 5  3 i I 'I, 39 

2 6  3 9 5  3 I 1 1% 39 

3 9 5  5 8 5  2 1 1  30 

3 9 5  5 8 5  2 . 1  30 

5 8 5  8 2 0  I 'h I % 24 

5 8 5  8 20 I 'I2 x % 24 

7 0 5  100 I 'I. 1 % I 8 'I, 

7 0 5 . 1 0 0  I%  x Ya 

8 2 - 1 2 . 4  I I % 

20 8 2 - 1 2 4  1 I ;  Y2 

I 8 'h 

I 5 'I, 

I 5 1% 

Directivity better than 40 d b  over entire frequency range. Accuracy of 
mean coupling level entire frequency range f0.4 db. Frequency sen- 

sitivity of coupling entire frequency range k 0 . 5  db. 

Model 

S750D 

S750E 

G750D 

G750E 

17500 

J750E 

H750D 

H750E 

X750D 

X750E 

-hp- 750 Cross-Guide Couplers 
Coupling Frequency Range Waveguide Sire Physical Size 

kmc Iml IId 

20 2.6 - 3.95 3 I 1 K 

30 2.6 - 3.95 3 ~ 1 %  

20 3.95. 5.85 2 * 1  

30 3.95.  5.85 2 x 1  

20 5.85 - 8.20 1 1% x % 

30 5.85 - 8.20 1 '/, I: % 

20 7.05 - 10.0 I %  x % 

30 7.05 . 10.0 I %  ?. K 

20  8.2 - 12.4 1 I k 

30 8.2.  12.4 1 x 'I2 

9 x 9  

9 x 9  

616 

6 x 6  

5 x 5  

5 x 5  

4 " 4  

4 1 4  

3 x 3  

3 x 3  

Minimum directivity approximately 20 db. Accuracy of mean coupling 
level entire frequency range t 0 . 4  db. Frequency sensitivity of coupling 

entire frequency range k l . 3  db. 

D a t a  subject t o  change without  notice. 
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VHF BRIDGE 

ADVANTAGES: 
Direct reading, 

2 to 2,000-ohm impedances 
-90" to +90" phase angle 

Wide range, 50 to 500 megacycles 
Simple, easy operation 
Faster than slotted lines 
Compact size 
Standard Type N connector 

USES: 
Determines characteristics of : 

Antennas 
Transmission Lines 
R F  chokes 
Resistors 
Condensers 

Connector impedances 
Standing wave ratios 
% reflected power 
V H F  system flatness 

Measures : 

READS ANY IMPEDANCE DIRECTLY 
BETWEEN 50 AND 500 MC 

MODEL 803A V H F  Bridge is the first commercial 
equipment built to provide direct impedance 
measurements in the V H F  range. It measures 

impedance by sampling the electric and magnetic fields in 
a transmission line. T w o  attenuator systems are controlled 
simultaneously. One responds to the electric field in the 
transmission line, and the other responds only to the mag- 
netic field in the transmission line. T h e  combination is 
adjusted for equal output from each attenuator. These two 
signals are applied to opposite ends of a transmission line. 
Phase is determined by finding their point of cancellation. 
(See diagram.) This  method effectively overcomes the 
narrow frequency limitations of conventional bridges, and 
permits -hp- Model 803A to make readings at  frequencies 
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. T w o  controls are simultaneously tuned until 
a sharp null is obtained. At the null, one dial reads un- 
known impedance direct in ohms, and the other dial shows 
phase angle. 
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Impedances between 2 and 2,000 ohms are read directly, 
and higher or lower values may be quickly determined by 
using a transmission line of known length as an impedance 
transformer. Phase angles up to t 9 0 "  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 frequen- 
cies 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. T h e  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 

-hp- Model 803A VHF Bridge 

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. 

Calibration: Impedance : Directly in ohms. 
Phase angle: Directly in degrees at  100 mc. May be 

readily computed at  other frequencies. 
Phase angle (actual) Phase Angle (read) x Fre- 

quency, mc/ 100. 

Accuracy: (Over range 52 to 500 mc). Impedance mag- 

> %  
( 

better than 

) degrees. Phase angle better than 

Charts are provided with each instrument so that im- 
pedance readings may be corrected to better than 
and phase angle to better than over the entire 
frequency range. 

Frequency, mc 

500 

Frequency Range: Maximum accuracy 52 to 500 mc. 
Useful down to 5 mc and up to 1,000 mc. Maximum 
measurable phase angle at  5 mc is -9" to +9". 

External rf Generator: Requires an AM signal source 
of at  least 1 mw. High signal level is desirable. ( -hp-  
Model 608A VHF Signal Generator is ideal for this 
purpose.) 

RF Detector: Requires a well-shielded VHF receiver 
of good sensitivity. ( -hp-  Model 41 7A, VHF Detector, 
is designed for this use.) 

Size: 14" x 14" x Sff  deep. Weight 25 pounds. Shipping 
Weight 40 pounds. -hp- gray finish. Cabinet mounting. 

Accessories Furnished: 803-A-16D-2 foot cable with 
UG-88/U one end, UG-536/U other end. 
803A-16E-Copper clad cable one foot long with U G -  
88/U each end. 
803A-76G-Shorting plug. 

VHF DETECTOR 

This -hp- instrument is a super-regenerative ( A M )  
receiver covering all frequencies between 10 and 500 mc 
in 5 bands. It is designed for use with the -hp- 803A 
Bridge. It offers a high sensitivity of 5 microvolts over the 
entire frequency band. It is designed for fast, simple opera- 
tion, and has a single, convenient frequency control directly 
calibrated in megacycles. 

T h e  instrument is thoroughly shielded and is suitable 
for general laboratory use, including the determination of 
approximate frequency, noise, interference, etc. It is light 
weight for portability, sturdily built, and compact to 
occupy a minimum of bench space. 

SPECIFICATIONS 

-hp- Model 417A 

Frequency Range: 10 to 500 mc, continuous coverage, 

Sensitivity: Approximately 5 microvolts over entire 

Power: 115 v f 10 v, 50/60 cps, 30 watts. 

Size: 9l' x 1 0 s f f  x Sff deep. Weight 17 pounds. Ship- 

5 bands. Directly calibrated in mc. 

frequency range. 

ing Weight 30 pounds. 

Data subject to  change without notice. 
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MODEL 805 
Cross-section of 
-hp- 805 Slotted Line 

NEW "PARALLEL-PLANE" DESIGN 
GIVES UTMOST ELECTRICAL STABILITY 

HE -lip- 805 Slotted Line incorporates a radically 
ADVANTAGES: 

Parallel plane design 
Higher accuracy 
Greater stability 
Negligible slope 
Low residual VSWR 
Rigid central conductor 

USE IT TO MEASURE: 

Load Impedance 
System Flatness 
Connector Reflection 
Antenna Match 
% of Reflected Power 
Standing Wave Magnitude 
Standing Wave Phase 

different structural design with precision manu- 
facture, resulting in an instrument of unvarying 

accuracy for the measurement of microwave circuits. 

GREATER INHERENT ACCURACY 
This  instrument employs two parallel planes and a rigid 

central conductor in place of the conventional coaxial 
arrangement. This configuration has several important 
advantages over the standard slotted section. 

For example, it permits the parallel planes to be made 
mechanically rigid ; thus insuring greater accuracy and pro- 
viding a rigid probe carriage. T h e  central conductor is 
proportionately larger and more rigid, with less tendency 
to bow. Depth of probe penetration is inherently less criti- 
tal, and therefore carriage inaccuracies are minimized. 
Leakage is also low because the effective slot opening is 
small. This  new design permits VSWR of the basic section 
to be held to less than 1.02. 
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In  construction of the -hp- SO5 Slotted Line, every 
effort has been made to achieve complete mechanical sta- 
bility. T h e  flat sections or planes are of cast, normalized 
aluminum alloy, ribbed to combine strength and light 
weight. T h e  central conductor is a selected brass rod, 
centerless ground and silver plated. 

CALIBRATION 

Calibration of the scale is in millimeters and centimeters, 
and the probe position can be read to 0.1 millimeters. T h e  
probe carriage traverses the slot length on ball bearings, 
and is free-moving to facilitate quick setting of the probe 
position. Close setting is made by means of a vernier coli- 
trol knob. T h e  probe circuit is tunable over the instru- 
ment’s entire frequency range, 500 to 4,000 megacycles. 
Depth of probe penetration can be quickly and easily ad- 
justed by means of a knob on top of the probe carriage. 

T h e  -hp- 805 Slotted Line is supplied complete with a 
specially designed steel-and-dural carrying case. T h e  case 
includes sponge rubber shock-mountings to guard the in- 
strument against damage, and is fitted with steel snap 
fastenings and carrying handle. 

SPEClFlCATIONS 

-hp- 805A Slotted Line 

Frequency Range: 500 mc to 4,000 mc (minimum fre- 
quency determined by usable length of 1 4 g  inches). 

Characteristic Impedance: 50 ohms. (For  use with 
such flexible coaxial cables as RG: 8/U, 9/U, 10/U, 
14/U, 17/U, 18/U. 21/U. 

Connections: T Y P E  N. (One  male ; one female.) Spe- 
cial fittings designed to mate with Type N connectors, 
provide a minimum VSWR. Connectors compensated 
so that either end niay be connected to the load. 

Residual VSWR: 1.04. 
Slope: Negligible. 

Calibration: Metric, calibrated in cm and mm. Vernier 
permits reading to 0.1 mm. 

Detector: Circuit tunable, uses standard crystal ( 1 1N21 B 
or 1N23) ; Sperry Barretter Model 821 ; or 1/100 ani- 
pere instrument fuse. 

Size: Length 27”. Height 4%”. Width 5”. Weight 18 
pounds. I n  case: Length 29”. Height 7%”. Width 
SH”. Weight 33 pounds. Shipping Weight 75 pounds. 

-hp- 805B Slotted Line 

Characteristic Impedance: 46.3 ohms. For use with 
RG 44/U stub supported coaxial cable. %’‘ outside 
diameter. 

Connections: (One  male, one female UG 45/U and 
UG 46/U.) 

Residual VSWR: 1.02. 
(Other specifications same as -hp- 805A) 

Data subject t o  change without notice. 

STAN D I N G WAVE 
I N D I CAT 0 R 

MODEL 415A 

H E  - h p -  415A Standing Wave Indicator is de- 
signed for use with the - h p -  805A Slotted Line. 
I t  may also be used as a null indicator, or for 

bridge measurements, and provides a 75,000 ohm input 
circuit for this application. 

T h e  -hp-  415A consists of a high gain amplifier with 
very low noise level operating at a fixed audio frequency. 
Amplifier output is measured with a Square-Law calibrated 
vacuum tube voltmeter. This meter reads direct in VSWR 
and in db, eliminating the need for laborious computations. 
A 60 db attenuator adjustable in 10 db steps provides a 
calibrated range of 70 db for readings of SWR. A gain 
control adjusts the instrument to a convenient level. Input 
circuits are provided both for use with a crystal rectifier 
or bolometer. 

SPEClFICATIONS 

Frequency: Normally 1,000 cps %2%. Plug-in units 
for other frequencies, 300 to 2,000 cps are available. 
Request unit 41A-42, and specify frequency Amplifier 
“Q” is 20 +-5. 

Sensitivity: 0.3 pv gives full scale deflection. Equivalent 
noise level referred to input is 0.04 pv. 

Calibration: For use with Square-Law detector. 60 db 
level covered in 6 ranges. Accuracy t O . l  db per 10 
db step. 

Gain Control: Adjusts meter to convenient level. Range 
is approx. 30 db. 

Input: Connects to crystal rectifier or bolometer. Bias of 
S v k . 5  v delivers approx. 8.75 ma to a 200-ohm bolom- 
eter or 1/100 ampere instrument fuse. 75.000 ohms 
for null measurement. 

Size: 12” long, 9” wide, 9’’ high. Weight 17 pounds. 
Shipping JVeight 30 pounds. 

Power Supply: 115/230 v -i-lOCjC. 50/60 cps. Power 
consumption : 60 watts. 
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ADVANTAGES: 

Universal carriage mounts 6 different slotted sections 
Broad usefulness, 3,000 to 18,000 mc 
Carriage operates with -hp- waveguide or coaxial 

Precision accuracy, high stability 
Sections interchange in 30 seconds 
Mounts dial gauge for higher accuracy 
Simple operation, compact, low cost 

slotted sections. 

USE IT TO MEASURE: 

Characteristics of rf waveguide systems or coaxial 

Standing wave magnitude and phase 
Impedance 
System flatness, connector reflection 
Degree of antenna match 
Percent of transmitted or reflected power 

transmission lines 

instrument, 

UNIVERSAL 
PROBE 

CARRIAGE 

MODEL 809B 

LOW- COST, PRECISION TOOLS 

FOR MICROWAVE READINGS 

MODEL 809B Universal Probe Carriage 
is a precision-built mechanical assem- 
bly designed to operate with five -hp- 

8 810B Waveguide Slotted Sections covering fre- 
quency ranges from 3.95 kmc to 18.0 kmc and 
with -hp- 806B Coaxial Slotted Section, 3.0 to 
12.0 kc. 

Model 809B provides, in one compact in- 
equipment that greatly simplifies waveguide 

measurements over a number of frequency bands and elimi- 
nates the cost of a probe carriage for each waveguide band. 
It saves appreciably on engineering time since waveguide 
sections can be interchanged in 30 seconds or less. It is 
lightweight and easily portable and is designed for use with 
either -hp- 444A Untuned Probe or -hp- 440A Detector 
and -hp- 442B Broadband Probe in combination. (See 
page 90.) T h e  unit has a centimeter scale with a vernier 
reading to 0.1 mm. Provision is also made for mounting a 
dial gauge where more accurate readings are required. 

T h e  instrument is simple in mechanical design and is 
carefully manufactured to assure trouble-free operation. 
T h e  probe carriage moves on ground stainless steel rods, 
and its 3-point suspension system includes two linear- 
motion ball bearings with dust seals and permanent lubri- 
cation. A conventional ball bearing forms the third point 
of suspension. Accuracy is superior or equal to the most 
expensive custom-made slotted lines. 

-hp- 81 0 Waveguide Slotted Sections. Waveguide 
slotted sections are fundamental tools for the measurement 
of magnitude and phase of standing waves in a waveguide 
system. Such data may be transformed readily into imped- 
ance of terminal load of the system or components. Slotted 
sections may also be used to measure reflection, percent of 
transmitted power, degree of antenna match and other 
waveguide characteristics. 
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-hp- 81 OB Waveguide Slotted Sections comprise an 
accurately-machined section of waveguide in which a small 
longitudinal slot is cut. They are designed and finished to 
fit -hp- 809B Carriage in a precisely indexed position. A 
traveling probe mounted on the 809B Carriage samples 
the waveguide’s electric fields along the slot and permits 
precise plotting of variations along the entire length of 

- h p -  810B Waveguide Slotted Sections 

probe travel. ‘l‘he slotted sections are carefully machined 
from normalized aluminum castings to insure a uniform 
cross-section. 

Ends of the slots are tapered to reduce slot reflection to 
less than 1.01 VSWR. A high order of accuracy and sta- 
bility is maintained. -hp- 810B sections are available for 
five common waveguide frequency-sizes. (See specificn- 

tions.) 

-hp- 806B Coaxial Slotted Section. This instru- 
ment provides continuous coverage from 3.0 to 12.0 kmc 
and is designed for use with - h p -  809B Universal Probe 
Carriage. lmpedance is 50 ohms to match flexible coaxial 
cables. l h i s  broadband coaxial slotted section has special 

fittings mating with 
Type N connectors 
to assure a minimum 
VSWR. 

-hp- S810A Waveguide Slotted Section is a conven- 
tional type of slotted waveguide complete with probe car- 
riage mounted directly on the section. Model 810A is 
available in the 3“ x I s ”  (2.6 to 3.95 kmc) frequency 

SPECIFICATIONS 

-hp- 809B Universal Probe Carriage 

Carriage: mounts all -hp- 810B Waveguide Slotted 
Sections and -hp- 806B Coaxial Slotted Section. 

Probe Required: - h p -  442B Broadband Probe in com- 
bination with -hp- 440A Detector or -hp- 444A Untuned 
Probe. (See page 90.) 

Probe Travel: 10 centimeters. 
Calibration: Metric Vernier permits readings to 0.1 

mm. Provision for dial gauge installation. 
Leveling Screws: Knurled thumb screws provided on all 

4 carriage legs. 
Accuracy: When used with waveguide sections, VSWR 

up to 1.02 can be easily read. Slope error of slotted sec- 
tions may be eliminated by adjustment. 

Size: 8” long, 6%” wide ; height 5”. 

-hp- S810A Waveguide Slotted Section 

Conventional waveguide slotted section with probe car- 
Will accept -hp- riage mounted directly on waveguide. 

442B or 444A Probes. 
Frequency Range: 2.6 to 3.95 kmc. 
Waveguide Size: 3” x 1 g”. 
Length: 12%”. 

-hp- 806B Coaxial Slotted Section 

Carriage: Fits -hp- 809B Universal Probe Carriage. 
Frequency Range: 3.0 to 12.0 kmc. 
Connections: Type N,  one male, one female. Special 

fittings provide minimum VSWR. Either end may be 
connected to load. Includes shorting connectors, male 
and female, for phase measurements. 

Approx. 1.06, 8.0 to 10.0 kmc. 
Approx. 1.1, 10.0 to 12.0 kmc. 

db except at extreme ends where it is 0.2 db. 

Residual VSWR: Less than 1.04, 3.0 to 8.0 kmc. 

Pick-up Error: Probe pick-up variation along line is 0.1 

Length: 10”. 

-hp- 81 OB Waveguide Slotted Sections 

Model 
Frequency 

Range 
kmc 

W a v e g u i d e  
Size linl 

Overall  Length 
(in1 

G810B 3.95-5.85 2 x 1  10% 

J810B 5 .85 -8 .20  1 ‘h x ’/4 10% 

H810B 7.05-1 0.00 1 ‘/4 x ’h 10% 

X8l0B 8.20-1 2.40 I x ‘h 1 0 ‘A 

P810B 12.40-18.00 702 x ,391 10% 

Discontinuity due to slot results in VSWR of less than 1 01. 

Data subject t o  change uGthozit notier. 
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DETECTOR MOUNT 

MODEL 440A 
A- 

::;- 

SIMPLIFIES DETECTION OF RF ENERGY 
IN COAXIAL OR WAVEGUIDE SYSTEMS 

Model 440A is a simple, easy-to-use instrument for 
detecting rf energy in either coaxial or slotted waveguide 
systems. 

In  coaxial use, the equipment operates at  any frequency 
from 2.4 to 12.4 kmc. Just one adjustment is required 
for tuning. Silicon crystals or bolometers may be used in- 
terchangeably in the same holder. A built-in rf bypass is 
provided. T h e  coaxial connector is equivalent to a UG 
21B/U Type N plug. Detector output appears at  a BNC 
jack. 

In  conjunction with -hp- 442B Broadband Probe, -hp- 
440A becomes a sensitive and easy-to-tune detector for use 
with slotted waveguide sections. T h e  -hp- 809B carriage 
is designed to accept this combination. 

I 

SPECIFICATIONS 

Frequency Range: 2.4 to 12.4 kmc. 

Detector: (Not  supplied.) 1N21 or 1N23 silicon crys- 
tal, 1/100 ampere instrument fuse, or Sperry 821 
barretter. 

Tuning: Single stub. 

Connectors: UG21B/U (RF  input) ; BNC jack (De- 
tector output). 

Data subject to change without notice. 

U N T U N E D  PROBE 

MODEL 444A 

This probe consists of a 1N26 crystal plus a small an- 
tenna in a convenient housing that permits probe penetra- 
tion to be varied quickly and easily. T h e  probe is held in 
position by friction, or may be fixed in place by a locking 
ring. No tuning is required, and sensitivity is equivalent 
to or excels many elaborate single- and double-tuned probes, 
particularly over the 8.0 to 12.0 kmc range. Polyiron inserts 
damp out spurious resonances. Fits -hp- 809B Universal 
Probe Carriage or other carriages with a g’’ mounting 
hole. For all frequencies 2.4 to 18.0 kmc. BNC jack at  de- 
tector output. Includes 1N26 crystal specially modified for 
the -hp- 444A housing. 

BROADBAND PROBE 
MODEL 442B 

Model 442B is a probe whose depth 
of penetration into a waveguide sec- 
tion is variable. It is held in position 
by friction, and may be fixed in place 
by a locking ring. Sampled rf appears 
at  a Type N jack, permitting direct 
connection to a receiver, spectrum 
analyzer or other instrument. Model 
440A Detector Mount may be con- 
nected to this probe, and the combina- 
tion forms a sensitive and convenient 
rf detector for slotted waveguide sec- 
tions. T h e  probe is shielded and poly- 
iron inserts are provided to prevent 
spurious resonances. Model 442B fits 
-hp- 809B Universal Probe Carriage 
or other carriages with a g” diameter 
mounting hole. 
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SERIES, SHUNT TEES 

MODELS 840A / 841A 

Series and shunt tees simpliy coupling waveguide net- 
works in a waveguide system of coupling auxilary tun- 
ing impedances into the overall system. They facilitate 
division of power in t h y  stem ; they also pi ox ide a con- 
venient mean\ of coiiiiect g a vaxemeter 01 other detec- 
tion device to the s~s tem.  

Tees are supplied either as series or shunt elements. In 
seiies tees (Models 840A) the arm is joined to the broad 
face of the waveguide. In shunt tees (Models 841A) 
junction is made on the narrow face of the guide. Choice 
of a tee is usuallv made on mechanical considerations, as 
series and shunt tees can be a n  anged to provide equix alent 
electrical pel formance. Careful construction maintains 
centering and alignment of the elements. 

Data srrhyect t o  rhanqr zozthout notrcc. 

HYBRID TEES 

MODEL 845A 

Hybrid tees speed and simplify determination of system 
VSIVR, co~nparison of impedances in transmission systems. 
and serve as a bridge circuit for balanced mixers. 

-hp- 845A Hybrid Tees possess many of the properties 
of a bridge circuit. When power is applied to the shunt 
arm, and equal impedances placed on co-linear arms. no 
power appears a t  the series arm. When one of the co-linear 
arms is matched and the other mis-matched, and poiver is 
applied to the shunt arm, power appearing at  the series a m  
is the measure of relative mis-match. Such measurements 
can be facilitated by terminating one or more arms with 
-hp- 920A AdjustabIe Shorts or -hp- 910A Terminations. 

-hp- Hybrid Tees are carefully constructed for accurate 
balance between co-linear arms. No matching or balancing 
devices are employed. 

SPECIFICATIONS, -hp- 840A. 841 A, 845A Waveguide Tees 

Series Tees 
-hp- 840A 

M o d e l  

S840A 7'/i 

G840A 5% 

J840A 5'/8 

H840A 3I/q 

X840A 3'/8 

P840A 2% 

Shunt Tees 
-hp- 841A 

S841A 7'/i 

G841A 5% 

J841A 5'/8 

H841A 31/4 

X841A 3'18 

P841A 2% 

Hybrid Tees 
-hp- 845A 

S845A 7'/1 

G845A 5% 

J845A 5'/8 

H845A 3% 

X845A 3'/8 

P845A 2% 

Frequency 
R a n g e  

k m c  

2.60-3.95 

3.95-5.85 

5.85-8.20 

7.05-10.00 

8.20-1 2.40 

12.40-18.00 

W a v e g u i d e  
Size 
(in) 

3 x 1'/2 

2 x  I 

I '/2 x % 

1 %  x ?a 

I x Yl 

,702 x ,391 
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SLIDE-SCREW TUNERS 

MODEL 870A 

Waveguide slide-screw tuners are used primarily for 
correcting discontinuities or “flattening” waveguide sys- 
tems. They are also used to match loads, terminations, 
bolometer mounts or antennas to the characteristic admit- 
tance of the waveguide. They are particularly valuable in 
determining experimentally the position and magnitude of 
matching structures required in waveguide systems. 

T h e  tuners consist of a waveguide slotted section with 
a precision-built carriage on which is mounted an adjust- 
able probe. T h e  position and penetration of the probe is 
adjusted to set up a VSWR which is used to cancel out 
existing VSWR in a system. Probe insertion may be varied 
by means of a calibrated micrometer screw (except on 
S870A ). T h e  position of the probe is adjusted by a thumb- 
operated knurled-wheel vernier drive. VSWR values of 
20 can be corrected with an accuracy of 1.02, and small 
VSWR’s may be exactly corrected. Loss a t  20:l VSWR 
is less than 2 db. 

E-H TUNERS 

MODEL’ 880A 

Tuners of the E-H configuration are used to tune out 
discontinuities in waveguide systems or adjust residual 
VSWR of loads, antennas, bolometer and crystal mounts. 
They are particularly useful where power leakage is unde- 
sirable or where very high powers are employed. With 
-hp- 880A Tuners, VSWR’s as high as 20:l of any phase 
may be reduced to a value of less than 1.02. T h e  insertion 
loss is l o w - o n l y  slightly more than an equivalent length 
of waveguide when the V S W R  is at  unity. T h e  loss in- 
creases linearly with V S W R ;  and is less than 3 db when 
a mis-match of 20 : 1 is corrected. 

-hp- 880A Tuners consist of a straight section of wave- 
guide to which series and shunt tuning arms are attached. 
Each arm has a movable short circuit which may be ad- 
justed by a fine tuning control. 

Dutu subject to  change without notice. 

SPECIFICATIONS, -hp- 870A, 880A Tuners 

-hp- 870A Slide- -hp- 880A 
Screw Transformer E-H Tuner 

Frequency Waveguide 
Range Size 
krnc (in1 Length 

(in) 
Model Length 

(in) Model 

S870A 9118 S880A 7% 2.66-3.95 3 x  1% 
G870A 8114 G880A 6 3.95-5.85 2 x  I 
J870A 7% J880A 4 5.85-8.20 1 %  x % 
H870A 6 H880A 3 % 7.05-10.00 l % x %  
X870A 5% X880A 3 Y2 8.20- 12.40 I x ‘/I 
P870A 5 P880A 2% 12.40-18.00 .702 x .391 
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WAVEGUIDE TERMINATIONS 

MODEL 910A MODEL 912A 

Model 910A is designed for terminating waveguide 
systems operating at  average powers of 1 watt, with a 
peak of 1 kw. T h e  terminations are carefully designed to 
absorb virtually all of the applied power and assure a low 
VSWR. They may be used wherever a matched load is 
required, as in the measurements of reflection, discontinu- 
ities or obstacles in waveguide systems. The!- are also for 
use with directional couplers or hybrid tees. 

Mechanically, Model 910A consists of a waveguide sec- 
tion terminated in tapered lossy material which absorbs 
power in the waveguide. Careful design results in mini- 
mum reflection over the entire waveguide band. 

This termination is similar to Model 910A but is de- 
signed for waveguide systems operating at  high powers. 
Since these terminations readilp absorb large amounts of 
power, they are useful as dummy loads in testing vacuum 
tribe characteristics. transmitter output, etc. Model 912A 
Terminations contain a high loss material which absorbs 
power and is carefully tapered to keep VSWR low. Power 
is dissipated by cooling fins. When the termination is 
operated at  505% or more of rated power, fins should be 
forced-air cooled. 

SPECIFICATIONS, -hp- 910A, 912A Terminations 

- h p -  910A Low Power Termination 

Mllx, Averoge Peak 

- h p -  912A High Power Terminalion 
Frequency Waveguide 

Max, Average Peak Range Size 
l i d  Model VSWR Power Power Length Model VSWR Power Power Length kmc 

Watts k w  l in '  Watts kw Iin1 

S910A 1.06 1 1 10% S912A 1.1 2 5 0  250 15% 2.60-3.95 3 x 1 s  

G910A 1 06 1 1 6 '/B 

J910A 1 06 1 1 6 %  

3.95-5.85 2 x I 

5.85-8 20 1 x 

1 H910A i 06 1 4 </e 7.05-10 00 1'1, x '/e 

1 1 sa,2 X912A 1 I 100 1113 8 %  820-1240  1 x 'I? X910A 1 0 6  

1 2 6 0 1 8 0 0  r n z r  191 P910A I oh ''2 4 %  

Data subject to change without  notice. 
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MOVING LOADS ADJUSTABLE SHORTS 

MODEL 914A MODEL 920A 

Model 914A Moving Load consists of a section of 
waveguide in which is mounted a sliding, tapered, low- 
reflection load. A plunger controls the position of the load 
which is variable at  least wavelength at  the lowest 
waveguide frequency. This permits reversing the phase of 
the residual reflection so that this reflection can be sepa- 
rated from the other small reflections in the waveguide 
system. 

In Model 914A the reflection of the load is less than 
%% over the full frequency range of the waveguide. 

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 
providing variable reactance. They may also be used as a 
convenient tuner for crystal or bolometer mounts. 

Mechanically, -hp- 920A Shorts are a waveguide section 
in which a movable low loss contacting finger wiper* is 
mounted. Position of the short is varied by a fine tuning 
control. 

SPECIFICATIONS, -hp- 914A, 920A 

-hp- 920A Adjustable Shorts -hp- 914A Moving loads Frequency Waveguide 
Range Size 

-hp- Model length -hp- Model kmc (in) 

S920A 10% 

G920A 7 I/l 

J920A 3 'h 

H920A 3 1/1 

X920A 4 K 

P920A 4 l/2 

S914A 

G914A 

J914A 

H914A 

X914A 

P914A 

2.60-3.95 3 ~ 1 %  

3.95-5.85 2 x 1  

5.85-8.20 1 l/1 x 'A 

7.05-1 0.00 1% x % 

8.20-1 2.60 1 x Ya 

12.60-1 8.00 .702 x .391 

Data subject to change without notice. 

* In the "P" band a choke-type short i s  employed. Position of the choke is varied b y  a micrometer adjustment. 
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-hp- 10A/B Binding Posts 

Designed by - h p - ,  these posts insure a 
positive connection that can be changed 
quickly and easily. T h e  recess for “ba- 
nana” plugs is in the main body of the 
post to eliminate excessive contact resist- 
ance. ’l’he cross-hole for permanent con- 
nection may be used even when a plug 
is inserted. T h e  posts have an axially- 
knurled ferrule with 10/32 thread and a 
tip undercut to simplify soldering. Posts 
are offered as Model 10A (non-insu- 
lated) a t  $ 2 0  each; and as Model 10B 

(insulated) at $ .30 each. (Cap of insulated post is 9/16” 
long with outside diameter of 9/16”.) 

10-32 THD 5/16 - 24 THD 77 

-hp- 14 Flexible Couplers 
These are precision-built mechanical units providing ac- 
curate, positive transmission of motion from one shaft to 
another when shafts are not completely aligned. Misalign- 
ments as large as 1/32” and/or 5” are permissible. T h e  
coupler is spring-loaded to prevent backlash, and the ce- 
ramic body completely insulates two connected shafts. 
$1.50 each. 

-hp- 12A/B/C Insulators 

These binding post insulators are of three standard de- 
signs. Model 12A is a double insulator, l %’’ x %”, offered 
in black bakelite only Model 12B is a triple insulator, 
2%” x g”, black or red. Model 12C is a triangular triple 
insulator 153’’ on each side of triangle, red or black. All 
insulators are g’’ thick. Holes are spaced g’’ apart. 
Minimum hole diameter 0.190” with a 7” taper. - h p -  12A. 
$ .15 each. - h p -  12B. $ .20 each. -hp- 12C, $ .20 each. 

-h$- 12A - h p -  12c 

-hp- 24 Waveguide Stand (below) 

Model 24 Waveguide Stands are cast and machined from 
aluminum alloy. They are designed for -hp-  25 Waveguide 
Clamps and have a threaded screw which locks the clamp 
at  any height from 2%” to 5%”. Model 24 is 2%’‘ high 
and its base measures 4%’’ in diameter. $3.00 each. 

-hp- 25 Waveguide Clamps 

1 These 
rubber molding with a steel 
insert. They are offered in 6 
sizes to fit waveguide equip- 
ment covering frequencies 
from 2.6 to 18.0 kmc. They 
are designed for use with -h$- 
24 Waveguide Stand, and 
when mounted in the Stand 

can be adjusted up- 
ward or downward 
to conform with a 
waveguide set-up. 
W h e n  o rde r ing ,  

specify waveguide size. Model S25,3” 1 1 %’’ ; Model G25, 
2“ Y 1”;  Model J25, 1%” Y g“; ModeI H25, 1%” x 
%”; Model X25, 1’’ Y s”; Model P25, .702” Y .391”. 
$1.50 each. 

Clamps consist of a 

Data subject t o  change without notice. Prices f.0.b. factory. 
Qriuntity d;dc-oriritJ o n  rcgucsi. 

Iirstrumrnts finished in -h$- g r a y  baktd c.nnmrl. 
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STANDARD WAVEGUIDE SPECIFICATIONS 

-hp- 
desig- 
nations 

( 1 )  

RMA 
Designation 

JAN 
Type Material 

D I M E N S I O N S  

Inner Dimensions 
Frequency Range 

(kmc/s) for 
Dominant (TE,) 

Mode Width Height Tolerance 

6.500 3.250 k0.005 Brass 1.12- 1.70 RG-69/ U 
WR650 RG- I03/U Aluminum 

1.70- 2.60 4.300 2.150 ~ 0 . 0 0 5  RG- I04/U Brass 
RG- I05/U Aluminum WR430 

2.60- 3.95 2.840 1.340 e0.005 RG-48/U Brass 
RG-75/U Aluminum S WR284 

RG-49/U 
RG-95/U G WR I87 0.872 ~ 0 . 0 0 5  3.95- 5.85 I .872 Brass 

Aluminum 

RG-50/U Brass 
RG- I06/U Aluminum J WR137 5.85- 8.20 I .372 0.622 ~ 0 . 0 0 4  

RG-5 I /U 
RG-68Jl.I H WRI 12 7.05- 10.00 1.122 0.497 eO.004 Brass 

Aluminum 

8.20- 12.40 0.900 0.400 k0.003 RG-52/U Brass 
X WR90 RG-67/U Aluminum 

RG-9 I /U Brass 
RG- I07/U Silver P WR62 12.40- 18.00 0.622 0.3 I I k0.002 

RG-53/U Brass 
RG-66/U Silver W R42 18.00-26.50 0.420 0.170 k0.002 

WR28 RG-96/U Silver 26.50-40.00 0.280 0. I40 eO.00 I5 

WR22 RG-97/U Silver 33.00-50.00 0.224 0.1 12 eo.00 IO, 

WR15 , RG-98/U Silver 50.00-75.00 0. I48 0.074 kO.00 I O  

WR12 RG-99/U Silver 60.00-90.00 0. I22 0.06 I k0.0005 

NOTES: 

(I) 

(2 )  

-hp- waveguides are machined from brass. Outside surfaces are finished in -hp- gray baked enamel. Conducting surrfaces are plated with a bright, 
high-conductivity alloy or silver where sliding finger contacts are used. 
Mean wall thickness i s  defined as one-half the difference between corresponding inside and outside dimensions as measured a t  any cross-section 
perpendicular to the longitudinal axis. 
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STANDARD WAVEGUIDE SPECIFICATIONS 

. IN I N C H E S  

O u t e r  Dimensions W a l l  Thickness Frequency 

Maximum Range for 

Dominant 

W i d t h  H e i g h t  Tolerance Nominal  radius ( 3 )  (kmc/sec) 

Deviation inner 
f rom mean corner (TE,) M o d e  

c u t - o f f  Theoretical 

Frequency Attenuation 

of TElo Lowest t o  
M o d e  Highest Freq. 

(kmc/sec) (db/100 ft.) (4 )  

6.660 3.4 I O  + 0.005 0.080 k0.008 3 /64 1.12- 1.70 0.908 
0.424- 0.284 
0.269- 0.178 

4.460 2.3 IO 0.005 0.080 0.008 3/64 1.70- 2.60 
0.788- 0.516 
0.501- 0.330 I 

3 I 20.005 0.080 0.006 3/64 2.60- 3.95 
1.478- 1.008 

2.080 0.940- 0.641 

2.000 I 0.064 I 
2.79 - 1.93 
1.77 - 1.22 3.95- 5.85 3.155 

1.500 0.750 0.064 I 5.85- 8.20 
3.85 - 3.08 
2.45 I .94 4.285 

I 0.625 0.064 I 7.05- 10.00 
5.51 4.31 
3.50 2.74 5.260 

I 0.500 0.050 I 8.20- 12.40 6.560 8.64 6.02 
5.49 3.83 

7 0.702 0.39 I k0.003 0.040 k0.003 I /64 12.40- 18.00 
12.76 1.15 
6.14 - 5.36 9.490 

27.7 -19.8 
14*080 13.3 - 9.5 0.500 0.250 k0.003 0.040 t0.003 I /64 18.00-26.50 

0.360 0.220 k0.002 0.040 0.002 /64 26.50-40.00 21.100 21.9 -15.0 

0.304 0. I92 t0.002 0.040 k0.002 0.0 I O  33.00-50.00 26.350 3 1.0 -20.9 

0.228 0. I54 0.002 0.040 k0.002 0.008 50.00-75.00 39.900 52.9 -39.1 

0.202 0.141 t0.002 0.040 k0.002 0.006 60.00-90.00 48.400 93.3 -52.2 

(3) Minimum outer corner radius-l/64" 
Maximum outer corner radius-l/32" 

(4)  Resistivity of Brass-7.0 x ohm-cm 
Resistivity of Silver-1.62 x IO-B ohm-cm 
Resistivity of Aluminum-2.83 x X IO-~  ohm-cm 
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ARMED SERVICES STANDARD LIST, WAVEGUIDE FLANGES* 

For Use With 
Wavegu ide  ASESA Type of 

JAN Type Flange Type Mate r ia l  Type Dwg. No. Coup l i ng  

I UG-4 I7A/U Cover Bronze RG-69/U AS-2006 Contact 
UG-418A/U Cover Aluminum RG-103/U AS-2006 Contact 
UG-435A/U Cover Bronze RG-104/U AS-2007 Contact 
UG-437A/U Cover Aluminum RG-105/U AS-2007 Contact 

U UG-553/U Cover Bronze RG-112/U AS-2005 Contact 

UG-554/U Cover Aluminum RG-113/U AS-2005 Contact 
UG-53/U Cover Bronze 
UG-54A/U Choke (+Gasket) Bronze 
UG-584/U Cover Aluminum 
UG-585/U Choke (+Gasket) Aluminum 
UG-149A/U Cover Bronze 
UG-148B/U Choke (+Gasket) Bronze 

U G-407/U Cover Aluminum 
UG-406A/U Choke (+Gasket) Aluminum 
UG-344/U Cover Bronze 
UG-343A/U Choke (+Gasket) Bronze 

UG-441/U Cover Aluminum 
UG-440A/U Choke (+Gasket) Aluminum 
UG-51/U Cover Bronze 
UG-52A/U Choke (+Gasket) Bronze 

UG-138/U Cover Aluminum 
UG-137A/U Choke (+Gasket) Aluminum 
UG-39/U Cover Bronze 
UG-40A/U Choke (+Gasket) Bronze 

UG-135/U Cover Aluminum 
UG-136A/U Choke (+Gasket) Aluminum 
UG-419/U Cover Bronze 
UG-541/U Choke (+Gasket) Bronze 

UG-595/U Cover Bronze 
UG-596/U Choke (+Gasket) Bronze 

UG-597/U Cover Aluminum 
UG-598/U Choke (+Gasket) Aluminum 
UG-599/U Cover Bronze 
UG-600/U Choke (+Gasket) Bronze 

UG-383/U Cover Bronze RG-97/U AS-2072 Contact 
UG-385/U Cover Bronze RG-98/U AS-2072 Contact 
UG-387/U Cover Bronze RG-99/U AS-2072 Contact 

RG-48/U AS-2000 Choke 

RG-75/U AS-2000 Choke 

RG-49/U AS-200I Choke 

RG-95/U AS-200 I Choke 

RG-50/U AS-2002 Choke 

RG-106/U AS-2002 Choke 

RG-51/U AS-202 I Choke 

RG-68/U AS-202 I Choke 

RG-52/U AS-2004 Choke 

RG-67/U AS-2004 Choke 

RG-91, 107/U AS-2003 Choke 

RG-53/U, 66/U AS-2092 Choke 

RG-121/U AS-2092 Choke 

RG-96/U AS-2092 Choke 

( I )  Two identical flanges must be used for a contact junction. In a pressurized junction, one surplus gasket i s  used as a spare. 
*(Supersedes the Armed Services Standard List of Waveguide Flanges dated 8 December 1949.) 

NOTE A-Listed coupling combinations may be pressurized by use of the appropriate gaskets. 

NOTE L A 1 1  listed flanges are satisfactory for use over the entire usable frequency band of the associated waveguide. 

NOTE C-AI1 -hp- flanges are plain contact type. Where mating choke type connection i s  required, use -hp- 290A Cover to Choke Flange Adaptor. 
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W a r r a n t y  
Hewlett-Packard Company warrants each instrument of its manufacture 

to be free from defects in material and workmanship. O u r  obligation under 

this Warranty is limited to servicing or adjusting any instrument returned 

to our factory for that purpose, and to making good a t  our factory any part 

or parts thereof except tubes, fuses or batteries which shall, within one year 

after making delivery to the original purchaser, be returned to us with trans- 

portation charges prepaid, and which on our examination shall disclose to our 

satisfaction to have been thus defective. 

Hewlett-Packard reserves the right to make changes in design a t  any 

time without incurring any obligation to install same on units previously 

purchased. 
This  Warranty is expressly in lieu of all other obligations or liabilities on 

the part of Hewlett-Packard, and Hewlett-Packard neither assumes nor 

authorizes any other person to assume for them any other liability in connec- 

tion with the sales of Hewlett-Packard instruments. 



CALL THE NEAREST -hp- ,SALES 
AND SERVICE REPRESENTATIVE 
FOR P E R S O N A L  HELP W I T H  
YOUR MEASURING PROBLEMS 

T h e  Hewlett-Packard Company has selected the best independent organiza- 
tions in the United States to provide you with personal attention to your 
measuring problems. Technical men representing these organizations have 
complete information about -hp- instruments, and can be of great help to you 
in selecting the correct measuring equipment for your needs. 

These men that comprise the -hp-  field service force can save you time, just 
as the familiar -hp- direct-to-you sales policy saves expense. Whenever or 
wherever you require personal assistance with your measuring problems, call 
the nearest -hp- field representative. O r ,  write direct to our factory, and we 
will see that you get prompt attention to your problem. 

Albuquerque. New Mexico 
Neely Enterprises 

107 S. Washington St. 
Albuquerque 5-8731 

Boston 16, Massachusetts 
Burlingame Associates 

270 Commonwealth Ave. 
KEnmore 6-8100 

Chicago 40, Illinois 
Alfred Crossley & Associates 

4501 North Ravenswood Ave. 
Uptown 8-1141 

Cleveland 15. Ohio 
M. P. Odfll CO. 
2536 Euclid Ave. 
PRospect 1-6171 

Dallas 5, Texas 

P. 0. Box 8042 
ELmhurs: 5345 

Earl Lipscomb Associates 9 

Dayton 2,  Ohio 
Alfred Crossley & Associates 

11 West Monument Ave. 
Michigan 8721 

Denver 3. Colorado 
Ronald G. Bowen CO. 

852 Broadway 
AComa 5211 

Detroit 35. Michigan 
S. Sterling Company 

15310 West McNichols Rd. 
BRoadway 3-2900 

Fort Mvers. Florida ~. 
Arthur Lynch & Associates 

P. 0. Box 466 
Fort Myers 5-6762 

High Point. North Carolina 
Bivins & Caldwell 

Security Bank Bldg. 
High Point 3672 

Houston 5, Texas 
Earl Lipscomb Associates 

2420-B Rke Blvd. 
P. 0. Box 6573 

LInden 9303 

Los Angeles 46. California 
Neely Enterprises 
7422 Melrose Ave. 
WEbster 3-9201 

New York 13, New York 
Burlingame Associates 

103 Lafayetre St. 
DIgby 9-1240 

Philadelphia (Upper Darby) ,  
Pennsylvania 

Burlingame Associates 
7060 Garrett Road 
FLanders 2-1597 

Phoenix, Arizona 
Neely Enterprises 

32 West Jefferson St. 
Phoenix 4-7311 

Sacramento, California 
Neely Enterprises 1 

309 Ochsner Bldg. 
GIlbert 3-7461 

Salt Lake City,  Utah 
Ronald G. Bowen CO. 

P. 0. Box 2215 
Murray 900 

San Francisco 18. California 
Neely Enterprises 
2830 Geary Blvd. 
WAlnut 1-3960 

Seattle 9. Washington 
Ron Merritt Com any 

217 Ninth Avenue horth 
SEneca 4948 

St. Louis 9,  Missouri 
Harris-Hanson Company 

5506 S. Kingshighway 
Sweetbrier 5584-85 

Syracuse 2, New York 
Burlingame Associates 
714 State Tower Bldg. 

Syracuse 2-6253 

Toronto 2-B. Ontario. Canada 
Atlas Radio Corporation, Ltd. 

560 King St., West 
WAverley 4761 

Washington 9. D. C. 
Burlingame Associates 

2017 S Street N.W. 
DEcatur 8000 

This -hp- staff of trained specialists is the largest organization of its kind in the world. 


