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A Wide-Range RC Oscillator 
with Push-Button Frequency Selection 

IN BOTH laboratory and production work 
it is common to encounter measuring situa 

tions in which it is necessary to make tests at 
a relatively few test frequencies, but in which 
these same few frequencies are used again and 

again. When 
this is the case, 
it is advanta 
geous  i f  the  
test oscillator 
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being used has not only a convenient means 
for selecting the desired spot frequencies but 
also a high resetability of output frequency. 

A logical approach in designing an oscil 

lator tuning system to have high resetability 
and simplified frequency selection is to design 
one in which the desired frequencies are se 
lected by push-button switches. Such a system 
gives quick selection of frequency, eliminates 
the need for operator dexterity in setting a 
tuning dial, and all but eliminates the effect 
of mechanical tolerances which degrade the 
resetability of the usual variable tuning sys 
tem. Consequently, the repeatability of a push 
button system can be essentially that estab 
lished by the short- and long-term stability of 
the oscillator circuit, while the readability, 
being that of a digital system, is high and at 

Fig. 1. New -hp- Model 241A Push-Button Oscillator 
operates from 10 cps to 1 megacycle, facilitates testing 
u'here repetition of often-used frequencies is desired. 
Push-button frequency selection has been used to achieve 

high repeatability of output 
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Fig. 2. Record of typical repeatability of output fre- 
e/neiicy of Â»eif 24IA Oscillator at 1 kc. First off-scale 
region occurs when instrument teas switched to another 
nut put frequency for 1 5 minutes: interruption in record 
is u'here instrument was operated at other frequencies for 
24 hours, then switched back to first output frequency. 
The curt'e thus demonstrates the high repeatability of 
output frequency as well as the high frequency stability. 
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Fig. 3. Panel view of new -hp- Model 241 A Push-Button 
Oscillator. Push-buttons permit selecting 4500 output fre 
quencies from 10 cps to 1 megacycle (999 kc). Frequency 
vernier provides overlap between switch frequencies. 

the same time is appealing to non 
technical operators. 

The push-button tuning system 
has been used in the design of a new 
RC test oscillator that operates from 
10 cps to 1 megacycle. Push switches 
permit selection of frequencies with 
3-digit resolution, allowing the os 
cillator to be reset to any discrete 
frequency with a precision superior 
to that achieved with the usual dial 
tuning. The push buttons provide 
for 4500 frequencies from 10 cps to 
999 kc with high repeatability and 
1% accuracy, while a continuous 
vernier control gives continuous 
coverage between the digital steps 

and  a l so  ex tends  the  upper  f re  
quency limit to 1 megacycle. 

Despite the design emphasis on 
quick frequency selection, emphasis 
has also been placed on designing 
the oscillator to be a precision lab 
oratory instrument in every sense. 
The output frequency accuracy is 
w i th in  1% and  expe r i ence  has  
shown  the  r epea t ab i l i t y  o f  f r e  
quency settings to be typically well 
within .04% over 24-hour periods. 
Total harmonic distortion is below 
1% and hum and noise are less than 
0.05% of rated output. The instru 
ment provides an output of 5 volts 
open circuit from a 600-ohm source 
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Fig. 4. Photograph indicating 

method of selecting output fre 

quency in new oscillator. But 

tons are set to give output fre 

quency of 455 kc. 

impedance, giving 2.5 volts across 
its rated load of 600 ohms. A vari 
able output attenuator provides an 
output control range of 40 db. 

F R E Q U E N C Y  S E L E C T I O N  

The basic circuitry of the 241 A 
push-button oscillator is similar to 
the previously-described -hp- tran 
sistorized RC oscillator1, except for 
the method of frequency selection. 
In both oscillators the frequency of 
oscillation is determined by a Wien 
bridge (Fig. 5). When the resistance 
and capacitance values in the par 
allel RC arm of the Wien bridge are 
equal to the resistance and capaci 
tance in the series RC arm, the fre 
quency of oscillation is determined 
by the relation: 

f  =  G / 2 7 T C ,  

where G is the conductance and C 
the capacitance in each arm. In the 
new oscillator the conductances are 
varied over a 10:1 range by three 
sets of push-button switches, while 
a fourth set selects one of five decade 
ranges by changing the C's as shown 
in Fig. 7. 

To achieve push-button selection 
with three significant digits, each 
conductance is composed of a par 
allel combination of three conduct 
ances, Gi, Gi1, G:s. Using these values, 
the frequency -determining equa 
tion may be written as: 

f = (Gi + Ga + G3)/27rC 

The most significant digit switch 
(units digit) selects Gi from nine 
multiples of a basic conductance Go. 
The second digi t  switch ( tenths 
digit) selects Gi> as one of ten mul 
tiples of a basic conductance 0.1 Go, 
and the third digit switch (hundred- 
ths digit) similarly selects Gs as one 
of ten multiples of a basic conduct 
ance O.OlGo. Since Go appears as a 
factor in all three conductances, the 
i  D .  S .  C o c h r a n ,  " T h e  T r a n s i s t o r i z e d  R C  O s  

c i l l a t o r , "  H e w l e t t - P a c k a r d  J o u r n a l ,  V o l .  1 3 ,  
No .  6 ,  Feb . ,  1962 .  
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Fig. uses Wien circuit arrangement of neu' oscillator. Circuit uses Wien 
Bridge detector amplitude stabilization of amplifier output by a peak detector 

returned to amplifier input. 

frequency expression can be written 
as: 

f  =  ( /  +  0 . 1 m  +  0 . 0 1  n )  G o / 2 7 r C  

where / is any digit from 1 to 9 and 
m and n are digits from 0 to 9- Thus, 
the top row of push-button switches 
selects the most significant digit 
(Gi) of the numerical value of the 
output frequency, the second row 
selects the next most significant dig 
it (G^) and the third row selects the 
least significant digit  (Gy). The 
range switch selects one of five pairs 

of capacitors as decade range multi 
pliers from xlO to xlOO kc. The ver 
nier control modifies the value of 
Gi to provide continuous frequency 
coverage. 

F R E Q U E N C Y  S T A B I L I T Y  
The exceptional frequency stabil 

i t y  o f  t h e  n e w  o s c i l l a t o r  w a s  
achieved through careful attention 
to temperature compensation of 
Wien bridge components. The G 
elements are precision metal film 
resistors whose positive tempera 
ture coefficient closely compensates 

for  the negative temperature co 
efficient of the range capacitors. The 
low-range capacitors are hermeti 
cally-sealed polystyrene capacitors. 
Silver mica and temperature-com 
pensating capacitors are used on the 
higher ranges. The resulting net 
temperature coefficient of frequency 
typically lies within the range of 0 
to 200 ppm per degree centigrade. 

Line voltage fluctuations also af 
fect frequency stability but the ef 
fects are small by virtue of a sub 
stantial amount of feedback and a 
regula ted  power  supply .  F ig .  8  

- 2 H O U R S -  - 2 H O U R S -  

Fig. 6. Curves showing typical turn-on stability at room 
temperature of new Push-Button Oscillator. Left curre is 

at 100 cps. right curre at 100 kc. 

3 

© Copr. 1949-1998 Hewlett-Packard Co.



shows the mid-range frequency sta 
bility as the line voltage is varied 
10% above and below the normal 
115 volt line. This performance is 
degraded somewhat at the 10 cps 
and 1 Me edges of the frequency 
range. 

Instabili t ies in both frequency 
and  ampl i tude  due  to  smal l  me  

chanical vibrations and shock are 
virtually eliminated by the solid- 
state circuitry and fixed tuning ele 
ments. An indication of the overall 
frequency stability under typical 
laboratory conditions is given in 
Fig. 6, which shows the behavior for 
two hours after initial turn on. Once 
warmed up, and in normal labora- 
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Fig. 7. Drawing indicating arrangement of R and C 
values in push-button switching circuit. 

tory environment where ambient 
temperature does not change more 
than three or four Â°C over a twenty- 
four hour period, the frequency sta 
bility is typically better than .04% 
from day to day. 

F R E Q U E N C Y  R E P E A T A B I L I T Y  
Because each push-button setting 

selects a distinct set of fixed tun 
ing elements,  the new oscillator 
achieves a frequency repeatability 
or resetability feature that is unob 
tainable from dial type oscillators. 
To illustrate, suppose the operator 
makes a measurement at a given 
push-button setting, say 4.55 x 100 
kc, and then goes on to make meas 
urements at other frequencies. After 
ten minutes or ten hours, he can re- 
select 4.55 x 100 kc and be assured 
of obtaining the same frequency as 
before ,  wi thin the l imits  of  the  
short- or long-term frequency sta 
bility discussed above. 

Some typical repeatability and 
stability data under normal labora 
tory conditions are shown in Figs. 
2 and 9. The oscillator is offset to 
another frequency for 15 minutes 
and then reset  to  the  in i t ia l  f re  
quency to show the short term re 
peatabi l i ty .  In  a l l  cases  the  f re  
quency repeated well within .01%. 
There is a small reset transient due 
to power dissipation in the tuning 
elements. The latter portions of the 
curves show the same frequency set 
ting repeated after a twenty-four 
hour period of operation at some 
other frequency. The long-term re 
peatability is within .04%. 

A M P L I T U D E  S T A B I L I T Y  
The amplitude leveling circuit of 

the new oscil lator compares the 
peak output voltage to a voltage 
reference diode and feeds back error 
information to a resistive control 
element. The amplifier output level 
is  thereby held constant  within 
Â±0.2 db throughout the entire fre 
quency range. The control circuitry 
is compensated to provide good 
temperature stability, a 25Â°C 
change in ambient temperature typ- 
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Fig. 8. Curves showing typical small effect of large 
line voltage changes on output frequency. Left curve 
measured on I kc output frequency, right curve at 100 kc. 

ically changing the output level less 
than 0.1 db. 

O U T P U T  C I R C U I T  
A variable bridged-T attenuator 

(Fig. 5) maintains a constant 600- 
ohm output impedance throughout 
an attenuation range of +10 dbm 
to â€” 30 dbm. Capacitive coupling 
between the output amplifier and 
the attenuator eliminates dc in the 
output signal. 

The 241A circuitry is isolated 
from chassis ground and the shield 
ed power transformer provides good 
isolation from the power line. Re 
moval of the ground strap on the 
front panel permits the output ter 
minals to be floated off ground. 

G E N E R A L  

Physically, the 241A is compact 
and portable. The cabinet, of the 
-hp- modular enclosure design, is 
suitable for bench use and also fits 
one-half of a standard 7 inch rack 
panel with a sub-module rack adapt 
er. Covers are easily removed for 
routine maintenance and the two 
plug-in printed circuit boards pro 
vide good accessibility. 

The instrument operates from 
either a 115- or 230-volt 50-1000 cps 
line and, being transistorized, con 
sumes but one watt. 

The new oscillator was developed 
in the Palo Alto laboratories  of  
Hewlett-Packard by L. D. Austin, 
D. S. Cochran, H. F. Grotzinger, and 
the undersigned. 

-Robert W. Colpitts 

FREQUENCY 
CHANGED 
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Fig. 9. Repeatability and stability curves similar to Fig. 
2 measured on new oscillator at operating frequencies of 
10 kc (upper) and 1 megacycle (lower). Note 48-hour 

rather than 24-hour interval in lower curve. 

SPECIF ICATIONS 

-hp- 
M O D E L  2 4 1 A  

P U S H - B U T T O N  O S C I L L A T O R  

F r e q u e n c y :  1 0  c p s  t o  1  M e ,  5  r a n g e s ,  4 5 0 0  
f r e q u e n c y  i n c r e m e n t s  w i t h  v e r n i e r  o v e r  
lap. 

Ca l i b ra t i on  Accu racy :  Â±1%.  
Frequency  Response :  Â±2% in to  ra ted  load .  
O u t p u t  I m p e d a n c e :  6 0 0  o h m s .  
D i s t o r t i o n :  1 %  m a x i m u m .  
H u m  a n d  N o i s e :  0 . 0 5 %  o f  o u t p u t .  
O u t p u t :  â € ”  1 0  t o  â € ” 3 0  d b m  i n t o  6 0 0  o h m s  

(2 .5  vo l t s  max) .  

P o w e r :  1 1 5  o r  2 3 0  v o l t s ,  5 0  t o  1 0 0 0  c p s ,  1  
wat t .  

D imens ions :  7 -25 /32  i n .  w ide ,  6Vz  i n .  h i gh ,  
8  in .  deep .  

We igh t :  Ne t  8  I bs .  Sh ipp i ng  13  I bs .  
A c c e s s o r i e s  A v a i l a b l e :  - h p -  1 1 0 0 0 A  C a b l e ,  

4 4 "  l o n g ,  d u a l  b a n a n a  p l u g s ,  $ 4 . 5 0  - h p -  
11001A Cab le ,  45"  long ,  dua l  banana  p lug  
t o  B N C ,  $ 5 . 5 0 .  - h p -  1 1 0 0 2 A  T e s t  L e a d s ,  
6 0 "  l o n g ,  d u a l  b a n a n a  p l u g  t o  a l l i g a t o r  
cl ips, $7.50. 

Pr ice :  -hp-  Model  241A,  $425.00.  

P r i c e s  f . o . b .  f a c t o r y  
D a t a  s u b j e c t  t o  c h a n g e  w i t h o u t  n o t i c e  
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SPECIAL PUSH-BUTTON AUDIO OSCILLATOR 
FOR TELEPHONE TESTING 

O D O O O O O O I D D  
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F R E Q U E N C Y  

V E R N I E R  
O U T P U T  L E V E L  

H E W L E T T  ( f t P i  P A C K A R D  

O U T P U T  
V E R N I E R  

Fig. 1. Push-button oscillator for telephone test work 
operates from 10 cps to 10 kc with an absolute accuracy 
of Â±0.2%. Instrument matches 600- and 900-ohm lines, 

operates from â€”48 rdc supply. 

Fig. 2. Input and output terminal arrange 
ment on instrument rear panel. 

A special-purpose version of the 
push-button oscillator described 
earl ier  in this  issue has been de 
signed for telephone testing appli 
cations. The circuitry of the special 
oscillator is generally similar to that 
of the parent instrument but a num 
ber of  applicat ion features have 
been included that facilitate tele 
phone work. The instrument's fre 
quency coverage, for example, is 
from 100 cps to 10 kc with an ab 
solute accuracy of Â±0.2% over the 
55Â° - 95Â°F temperature range. 

Other special adaptations for tele 
phone work include an output cir 
cuit arrangement that has two sets 
of output terminals to match either 
600- or 900-ohm lines. Both of these 
outputs are balanced to ground and 
the impedance of each is held with 
in 5% of nominal over the complete 
frequency range. The phase angles 
of the source impedances are held 

within 5Â° of that of a true resistive 
source. 

The output  c i rcui t  includes  a  
combined L- and T- pad which has 
two outputs to match either 600- or 
900-ohm loads and to provide equal 
power to each. The pad is preceded 
by two step attenuators which to 
gether adjust output power over a 
40-db range ( + 10 to â€”30 dbm) in 
1 db steps having an overall accu 
racy of 0.1 db. A continuous vernier 
control overlaps the 1 db steps to 
provide infinite resolution. 

A rear panel control permits cali 
bration of the output power level. 
Power level variations caused by 
frequency changes are less than 
Â±0.2 db. Overall power output ac 
curacy following calibration is â€¢with 
in 0.5 db of the attenuator setting, 
including the effects of frequency 
change, Â±5Â°F temperature varia 
tions, Â±4 volt supply variations, 

and a change from one output im 
pedance to the other. Because of the 
excellent temperature and line volt 
age stability of the oscillator's am 
plitude control circuit, calibration 
is maintained for long periods. 

B A T T E R Y  O P E R A T I O N  
The oscillator is arranged to op 

erate from the standard 48 volt (pos 
itive ground) telephone equipment 
battery supply.  Steps have been 
taken to minimize the effects of 
battery voltage variations so that 
typical frequency changes for bat 
tery variations of Â±4 volts are less 
than 0.003% from nominal.  The 
transformer-coupled output circuit 
allows the output terminals to be 
floated up to 500 volts dc off ground. 

E N H A N C E D  S T A B I L I T Y  
In the frequency-determining net 

works (see Fig. 5 of main article) 
wire-wound resistors have been 
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used to achieve tight control of tem 
perature coefficient of frequency. 
The resulting temperature coeffi 
cient is typically less than 60 ppm/- 
degree C. This has permitted the 
0.2% absolute frequency accuracy 
over a 40Â° F range. The low tem 
perature coefficient combined with 
other measures gives the overall in 
strument a performance which is 
about twice as high as that shown 
by the stability and repeatability 
curves in the main article on the 
parent instrument. 

The instrument is packaged in 
the -hp- | rack width cabinet which 
has been modified for mounting in 
the telephone equipment rack. 

-Robert W. Colpitts 

A  T U N N E L - D I O D E  P U L S E  G E N E R A T O R  
W I T H  0 . 1  N A N O S E C O N D  R I S E T I M E  

S P E C I F I C A T I O N S  
- h p -  

M O D E L  H O 1 - 2 4 1 A  

P U S H - B U T T O N  O S C I L L A T O R  

Frequency :  100  cps  t o  10  kc ,  2  ranges .  

F r e q u e n c y  A c c u r a c y :  W i t h i n  Â ± 0 . 2 %  f r o m  
55Â°F to 95Â°F, within Â±0.3% from 45Â°F to 
55CF and 95Â°F to 105Â°F. Vernier in OUT. 

F requency  Response :  W i th in  Â±0 .2  db  ove r  
e n t i r e  r a n g e .  

Ou tpu t  Power :  +10  to  â€ ”30  dbm,  i n  10  and  
1  d b  s t e p s .  V e r n i e r  i s  a t  l e a s t  1  d b .  

O u t p u t  S t a b i l i t y :  W i t h i n  Â ± 0 . 1  d b  f o r  a t  
leas t  3  hours ,  tempera ture  w i th in  Â±5Â°F.  
W i t h i n  Â ± 0 . 5  d b  w h e n  i n c l u d i n g  e f f e c t s  
o f  f r e q u e n c y  r e s p o n s e ,  i n p u t  v o l t a g e  
c h a n g e s ,  a n d  o u t p u t  p o w e r  d i f f e r e n c e  
be tween  600  ÃÃ  and  900  ! . '  w i t h  each  im  
p e d a n c e  t e r m i n a t e d  i n  i t s  n o m i n a l  i m  
pedance.  

D i s t o r t i o n :  A t  l e a s t  4 0  d b  b e l o w  f u n d a  
m e n t a l  o u t p u t .  

N o i s e :  A t  l e a s t  6 5  d b  b e l o w  t o t a l  o u t p u t .  

O u t p u t  C i r c u i t :  B a l a n c e d  a n d  f l o a t i n g .  M a y  
b e  o p e r a t e d  a t  v o l t a g e  u p  t o  5 0 0  v d c  
a b o v e  c h a s s i s  g r o u n d .  

O u t p u t  I m p e d a n c e :  6 0 0  a n d  9 0 0  o h m s ,  
Â±5%,  se lec tab le .  Max imum phase  ang le  
is Â±5Â°. 

B a l a n c e :  A t  l e a s t  7 0  d b  a t  1 0 0  c p s ,  5 5  d b  
at  3000 cps.  

I n p u t  P o w e r :  4 8  v d c  Â ± 4  v d c ,  p o s i t i v e  s i d e  
g rounded .  

D imens ions :  7 -25  32  i n .  w ide ,  6 ' / 2  i n .  h i gh ,  
8  in .  deep.  

N e t  W e i g h t :  A p p r o x i m a t e l y  8  I b .  

Fig. 1. Tunnel-diode pulse generator provides 
voltage steps with O.I nanosecond risetime for 
testing very fast systems. Repetition rate can be 

up to 100 kc. 

'""TRANSIENT response testing of 
_L wideband systems and compo 

nents, by observation of the output 
waveform resulting from a voltage 
step input, has become one of the 
most widely used techniques for 
evaluating the performance of such 
systems. Since waveform degrada 
tion is the principal indicator of 
system performance, the quality of 
the input step is of paramount im 
portance. This step should have a 
risetime significantly faster than the 
system under test, and should have 
minimum overshoot and ringing. 

To fulfill these requirements in 
measurements carried out in the 
nanosecond time region, the new 
-hp- 213B Pulse Generator generates 
pulses with risetimes faster than 0.1 
nsec, the fastest risetime yet achiev 
ed in a production instrument. The 
pulse top is flat within 2% for the 
initial 100 nsec of pulse duration, 
producing an ideal waveform for 
step response testing. Pulse ampli 
tude is 175 mv into a 50-ohm system 
or 350 mv into an open circuit and 
either positive-going or negative- 
going pulses are available. Pulse 
width is fixed at 2 

M A T C H E D  S O U R C E  
IMPEDANCE 
Another important consideration 

in transient response testing con 
cerns the source impedance of the 
pulse generator. Source impedance 
has become of increasing concern 
since the advent of oscilloscopes, 
such as the -hp- 185A/B sampling 
scopes, which can distinguish events 
separated in time by fractions of a 
nanosecond. Pulse reflections from 
impedance mismatches in coaxial or 
transmission line systems are clearly 
revealed by these scopes. These re 
flections often serve a useful pur 
pose since their shape and ampli 
tude convey information on the 
nature of the impedances on either 
side of the mismatch1. A mismatch 
at the generator end of the system, 
however, causes re-reflections which 
may be superimposed on the pri 
mary reflections in the CRO display. 
To prevent re-reflections, the pulse 
generator has an effective 50-ohm 
source impedance which absorbs 
any reflections returning through 
the interconnecting 50-ohm cable. 
i  " T r a n s m i s s i o n  L i n e  T e s t i n g  U s i n g  t h e  S a m  

p l i n g  O s c i l l o s c o p e , "  H e w l e t t - P a c k a r d  A p p l i  
ca t i on  No te  No .  53 .  
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Fig. 2. Oscillogram taken at relatively 
slow' su'eep speed of 10 nsec/cm to show 
flat top of voltage step from -hp- 21 IB 
Pulse Generator. Output can be positive 
or negative. Oscillograms taken on -hp- 

JS5B Sampling Oscilloscope. 

Fig.  3.  Sweep speed of  0.5 nsec/cm 
shows very fast rise of -hp- 21ÃB Pulse 
Generator output. Minimum-length sig 
nal paths were used in observation set-up 
but some ringing occurs on pulse top, 
although it is quite small for such a fast 

step. 

Fig. 4. Very fast sweep speed of O.I 
nsec/cm shows low trigger-to-pulse jitter 
of 213B Generator when triggered by -hp- 
185B Sampling Oscilloscope. Oscilloscope 
sampled several hundred pulses during 
exposure to display leading edge. Ap 
parent risetime of step includes finite 

scope risetime. 

T h e  n e w  g e n e r a t o r  i s  a  h i g h e r -  
speed vers ion of  an  ear l ie r  tunnel -  
diode pulse  generator  ( -hp-  213A),  
w h i c h  h a d  b e e n  d e v e l o p e d  a s  a  
special-purpose generator  for  s tep-  
r e s p o n s e  t e s t i n g  o f  t h e  - h p -  1 8 5  
series sampling oscil loscopes.  How 
e v e r ,  t h e  f a s t - r i s i n g  s t e p ,  t r i g g e r  
sensi t iv i ty ,  low j i t ter ,  and high rep 
e t i t ion  ra te  of  th i s  genera tor  made  
i t  a l s o  a t t r a c t i v e  f o r  a  v a r i e t y  o f  
other  low-ampli tude pulse  measure  
m e n t s ,  s u c h  a s  t r a n s m i s s i o n - l i n e  
measurements  and swi tching - t ime 
m e a s u r e m e n t s  o n  l o w - l e v e l  c o m  
ponents. 

Unti l  the advent of the 213A, the 
mercury-wet ted re lay was the most  
reliable generator of steps with sub- 
nanosecond r i se t imes .  Relay  pulse  
generators  are  l imited to  re la t ively 
slow pulse repeti t ion rates,  though,  
which either results in dim displays 
on real- t ime osci l loscope,  wi th  the  
fast  sweeps necessary for  fast  r ise-  
times, or in flickering displays when 
u s e d  w i t h  s a m p l i n g  s c o p e s .  T h e  
2 1 3 A  P u l s e  G e n e r a t o r ,  a n d  c o n s e  
quent ly  the  new 213B,  are  capable  
of being triggered at rates anywhere 
f rom 0  to  100  kc / s  w i th  low j i t t e r  
and are able to run free at repetition 
rates in excess of 100 kc. 

The 213B is well-suited as a com 
p a n i o n  i n s t r u m e n t  t o  t h e  1 8 5 B  o s  
ci l loscope for low-level  pulse meas 

u r e m e n t s .  - R o d e r i c k  C a r l s o n  

SPECIF ICATIONS 
-hp- 

M O D E L  2 1 3 B  
P U L S E  G E N E R A T O R  

O U T P U T :  
R I S E  T I M E :  L e s s  t h a n  0 . 1  n s .  
T O P  D R O O P :  L e s s  t h a n  2 %  i n  f i r s t  1 0 0  
n s  f o l l o w i n g  t h e  r i s e .  
W I D T H :  A p p r o x i m a t e l y  2  / Â ¿ s .  
A M P L I T U D E :  G r e a t e r  t h a n  1 7 5  m v  i n t o  
5 0  o h m s ,  3 5 0  m v  o p e n  c i r c u i t ,  e i t h e r  
p o l a r i t y .  
S O U R C E  I M P E D A N C E :  5 0  o h m s .  
J I T T E R :  L e s s  t h a n  2 0  p i c o s e c o n d s  w h e n  
t r i g g e r e d  w i t h  t h e  1 8 5 A  o r  1 8 5 B  s y n c  
p u l s e .  
R E P E T I T I O N  R A T E :  F r e e  r u n s  a t  a  r a t e  
g r e a t e r  t h a n  1 0 0  k c ,  o r  m a y  b e  t r i g g e r e d .  

T R I G G E R  I N P U T :  
A M P L I T U D E :  0 . 5  v o l t  p e a k ,  e i t h e r  p o l a r  
i t y .  

R I S E  T I M E :  2 0  n s  o r  f a s t e r .  
W I D T H :  A t  l e a s t  2  n s .  
M A X I M U M  C U R R E N T :  2 0 0  m a  p e a k .  
I M P E D A N C E :  2 0 0  o h m s  f o r  s i g n a l s  l e s s  
t h a n  0 . 7 5  v o l t  p e a k .  L i m i t i n g  l o w e r s  i m  
p e d a n c e  t o  l a r g e r  s i g n a l s .  
R E P E T I T I O N  R A T E :  0  t o  1 0 0  k c .  

G E N E R A L :  
P O W E R :  1 1 5  o r  2 3 0  v o l t s  Â ± 1 0 % ,  5 0  t o  
6 0  c p s ,  a p p r o x i m a t e l y  1  w a t t .  
D I M E N S I O N S :  1 V 2  i n .  h i g h  5 V a  i n .  w i d e ,  
5  i n .  d e e p .  
W E I G H T :  A p p r o x i m a t e l y  2  I b .  n e t .  
P R I C E :  $ 2 1 5 . 0 0 .  

P r i c e s  f . o . b .  f a c t o r y .  
D a t a  s u b j e c t  t o  c h a n g e  w i t h o u t  n o t i c e .  

V I S I T  - / I P -  A T  W E S C O N  
Readers attending the WESCON show in San Francisco, Aug. 20-23, 

are cordia l ly  inv i ted to v is i t  our  booths where - f ip-  engineers f rom the 
l abo ra to r i es  and  t he  f i e l d  w i l l  be  on  hand  t o  d i scuss  measu remen t  
matters with you. 

A t  t he  boo ths ,  t oo ,  w i l l  be  seve ra l  impor tan t  new -hp -  measur ing  
instruments.  One is a sophist icated new general-purpose osci l loscope 
which basic a range of  measurement capabi l i t ies that  makes i t  a basic 
tool  of  interest  to everyone. 

Other  new ins t ruments  to  be  d isp layed  inc lude  a  2500-megacyc le  
conver ter  p lug- in  for  the -hp-  t rans is tor ized f requency counter ,  a  d ig  
i ta l  vo l tmeter  w i th  a  var ie ty  o f  p lug- ins ,  and an rms vo l tmeter  w i th  a  
response to 8 megacycles. 

Most L.  div is ions and aff i l iates including Boonton Radio, F. L.  Mose- 
l e y  C o . ,  a n d  S a n b o r n  C o .  w i l l  b e  o n  a i s l e  2 0 0 0  o n  t h e  m a i n  f l o o r ,  
right side. 

-hp - ' s  Dymec  D iv i s ion  and  Har r i son  Labora to r ies  w i l l  be  on  a i s le  
2700 in  the  ad jo in ing South  Exh ib i t  Ha l l .  
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