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The Transistorized RC Oscillator 

'"'he illustration below shows the well- 
J- known RC test oscillator in a transistorized 

version which has been designed to provide a 
test oscillator of very high portability. Physi 
cally, the new oscillator is small enough and 
light enough to be held easily in one hand. 
Electrically, it operates over the frequency 

range from 5 cps to 
500 kc in 5 ranges. 
It provides up to 2.5 

volts across loads of 600 ohms or more and is 
in every sense a quality oscillator, having less 
than 1% distortion, better than 3% frequency 
accuracy, a constant output with frequency, 
and outstanding frequency stability. Even 
warm-up drift is in general negligible. Also the 

S E E  A L S O  
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T W T  a m p l i f i e r s , "  p .  4  

instrument has been designed in a battery op 
erated version so that line-voltage effects are 
avoided completely as is hum, although in the 
ac-operated version these factors have been 
kept very small, too. In addition, since the cir 
cuit is fully transistorized, the new oscillator 
is virtually insensitive to vibration and shock, 
making it a very stable and rugged precision 
instrument indeed. 

TRANSISTORIZED 
CIRCUITRY 

From a design viewpoint the transistoriza 
tion of the RC oscillator is interesting because 
it has resulted in several variations over pre 
vious designs. The basic arrangement of the 
new circuit is shown in Fig. 3. The frequency- 

â€”TURN-ON 
t _ j  

â€¢2 HOURS 

Fig. 204B Typical frequency-stability characteristic of Model 204B 
Oscillator. Frequency drift ivas only about 1 part in 20,000 in 
complete test including turn-on drift. Instrument begins to 
operate almost immediately after turn-on. 

Fig. 1 (at left). New -hp- Model 204B Oscillator is transistor 
ized version of the RC oscillator and operates over the range 
from 5 as to 500 kc. The instrument can be battery-operated as 
shown here but has also been designed in ac-operated version. 

P R I N T E D  I N  U .  S .  A .  C O P Y R I G H T  1 9 6 2  H I W L E T T -  P A C K A R D  C O .  
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Fig. power Basic circuit arrangement of new RC oscillator. For power 

economy new amplitude control circuit replaces traditional ballast lamp, 

but frequency response is very constant as shown in Fig. 5. 

selective positive feedback arms of 
the RC bridge are formed by Ci, RI, 
Cz, and R2. The negative-feedback 
arms are formed by R,s and net work 
R4. The main frequency-tuning ele 
ments are variable resistances RI and 
R2, while capacitors Q and Co are 
changed to establish the various 
ranges. The output from the center 
nodes of the bridge is applied to 
transistor Qj and amplified. The am 
plifier output then drives both the 
bridge and the output circuitry. The 
output amplitude is adjusted by a 
bridged-T attenuator which has a 
characterist ic impedance of 600 
ohms and at least 40 db of control. 

The amplitude of oscillations is 
controlled by the peak detector Q^ 
operating with the breakdown zener 
diode CR3. The diode establishes a 
reference voltage with which the 
ampli tude of  osci l la t ion is  com 
pared. The error voltage is then fed 
back to control the resistance of the 
forward-biased diodes CR] and CR-. 
These in turn affect the total resist 
ance of R4 in such a way as to main 
tain the proper amplitude of oscilla 
tions. 

The tuning resistances are driven 
through a drive system that gives 
the customary logarithmic-charac 

teristic frequency dial. An electrical 
vernier control is provided which 
has a minimum range of .15% and, 
besides being convenient for fine 
tuning purposes, insures infinite fre 
quency resolution despite any slight 
granularity of the main tuning re 
sistors. The design of the vernier is 
such that its use does not alter the 
output signal voltage level. 

C O N S T A N T  A M P L I T U D E  
O U T P U T  
One design aspect that is readily 

noticed when using the new oscilla 
tor is the effectiveness of the new 
amplitude control circuit. A new 
type of control circuit was required 
since the power drawn by the lamp 
or ballast element usually used was 
too great for long battery life. Con 
sequently, the peak detector control 
circuit shown in Fig. 3 was devised. 
This circuit evolved with many de 
sirable features. It operates on low 
signal level and supply power so 
that long battery life is achieved. 
It is thermally self-compensating 
and is extremely rugged so that the 
amplitude of oscillation is not sen 
sitive to mechanical vibrations or 
thermal changes. 

Of considerable importance for 
most use, however, is the fact that 

the amplitude control circuit is ex 
tremely sensitive to variations in 
oscillation level. Since the control 
circuit compares the oscillation am 
plitude with a fixed reference volt 
age and since the envelope loop gain 
is  h igh,  an  exceedingly f la t  f re  
quency response results. This is in 
dicated by the typical frequency 
response curves shown in Fig. 5. The 
instrument is rated to have less than 
3% amplitude variation over the full 
5 cps to 500 kc range, but typical 
performance is considerably better. 

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

Despite the fact that the new os 
cillator is small and portable, there 
is no reduction in the stability of its 
signal. This is true because the fre 
quency characteristics of the instru 
ment are virtually independent of 
normal amplifier variations and pri 
marily dependent on only the com 
ponents in the resistance-capacitance 
bridge. For these components, stabil 
ized quality resistances and capaci 
ties have been used to achieve an 
overall temperature coefficient that is 
rated as being less than Â±0.03%/Â°C. 
Typically, the temperature depen 
dence of frequency will be even less. 
The use of stabilized bridge com 
ponents also gives the oscillator ex- 

Fig. 4. hp- Model 204B Transistorized 
Oscillator. 

© Copr. 1949-1998 Hewlett-Packard Co.



D I A L  R E A D I N G  
Fig. typical fre of amplitude control circuit as shown by typical fre 
quency division characteristic of Model 204B. Each minor vertical division 
has value of 1% so overall response is within about Â±1%. 

cellent repeatability and long-term 
frequency stability. 

A curve which has practical mean 
ing in the usual day-to-day use of a 
test oscillator is shown in Fig. 2 
(front page). This curve is a two- 
hour recording of the frequency 
stability of one of the new oscillators 
made under usual room conditions 
The curve includes the initial turn- 
on of the oscillator and is thus in 
dicative of actual available stability 
in a typical case. Note that each 
major division on the vertical scale 
represents but 0.01% change in fre 
quency or 1 cps at 10 kc. The overall 
drift measured in this case is within 
0.005%. 

O U T P U T  C I R C U I T  
The output circuit in the oscilla 

tor has several points of special in 
terest associated with its design. 

The output system is fully float 
ing so that it can be used easily with 
off-ground loads such as transistor 
circuits. Using the battery-operated 
version of the instrument also means 
that the signal will be hum-free. In 
the ac-powered version, however, 
hum and noise are still small, being 
rated at less than 0.05%. 

Output voltage is adjusted by an 
attenuator located at the amplifier 
output to maintain signal quality at 
low levels. The attenuator used is an 
uncalibrated bridged-T attenuator 
with a minimum range of 40 db. 
The instrument has a 600-ohm in 
ternal impedance to match common 
load impedances and is rated for op 
eration into loads of 600 or more 
ohms. However, the instrument can 
be operated into lower-impedance 
loads without substantial loss of per 
formance except for output voltage 
and battery life. 

BATTERY-AC 
O P E R A T I O N  
While the oscillator has been ba 

sically designed for battery opera 
tion, it is also available for ac opera 
tion as an optional arrangement. In 
addition, the ac-operated power sup 
ply circuitry for the instrument is 
available as an assembly so that a 
battery-operated unit can be field- 
converted to an ac-operated unit if 
desired. The ac supply assembly is 
arranged so that it fits into the bat 
tery compartment. 

To make the instrument  well-  
suited to battery operation, much 

attention was paid to achieving high 
efficiency and low power consump 
tion. The output stage is designed 
as a class B complementary pair so 
that battery drain is conserved if 
less than full signal power is drawn 
from the instrument.  These and 
other considerations have resulted 
in a battery life under the condition 
of  maximum bat tery drain of  a t  
least 300 hours. Under conditions of 
low power output battery life may 
be increased to 400 hours. Battery 
replacement is indicated by lack of 
the ability of the instrument to pro 
duce its rated maximum output of 
2.5 volts across a 600-ohm external 
load. A pilot "light" is included in 
the instrument but is of the mechan 
ical type and requires no battery or 
ac power. 

A C K N O W L E D G M E N T  
The author is grateful for the sug 

gestions and ideas of Brunton Bauer, 
Bernard M. Oliver and others who 
contributed to the successful com 
pletion of the instrument, and to 
Richard B. Osgood who performed 
the mechanical design. 

â€”David S. Cochran 

SPECIF ICATIONS 
-fcp- 

M O D E L  2 0 4 B  
5  C P S - 5 0 0  K C  O S C I L L A T O R  

Frequency range: 5 cps to 500 kc in 5 ranges. 
Ve rn ie r  p rov ided .  

D ia /  accuracy :  Â±3%.  
F requency  response :  Â±3% in to  ra ted  l oad .  
O u f p u f :  1 0  m i l l i w a t t s  ( 2 . 5 v  r m s )  i n t o  6 0 0  

o h m s ;  5 v  r m s  o p e n  c i r c u i t .  C o m p l e t e l y  
f loat ing.  

Oufpuf  impedance:  600 ohms.  
Oufpuf  contro l :  cont inuously  var iab le br idged 

" T "  a t t e n u a t o r  w i t h  4 0  d b  m i n i m u m  
range. 

D is tor t ion :  less  than 1%.  
Hum and  no i se :  l ess  t han  0 .05%.  
P o w e r  s o u r c e :  4  b a t t e r y  c e l l s  a t  6 . 7 5  v o l t s  

e a c h ,  7  m a ,  3 0 0  h o u r s .  A C  p o w e r  p a c k  
opt ional .  

Dimensions:  6%2 in.  h igh,  5Vfe in.  wide,  8 in.  
deep. 

Weighf :  6  Ibs.  
P r i ce :  - hp -  Mode l  204B  Osc i l l a to r ,  $275 .00 .  

Op t i ons :  1 .  AC  power  pack  i ns ta l l ed ,  add  
$25.00. 

F ie ld  ba t te ry - to -AC Convers ion  Assembly ,  
-hp-  No.  204B-95:  $45.00.  

Pr ices f .o.b.  factory 
Data subject  to  change wi thout  not ice.  
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N E W  O N E  W A T T  T W T  A M P L I F I E R S  
F O R  M O R E  R A P I D  M I C R O W A V E  M E A S U R E M E N T S  

Several years ago the Hewlett- 
^ Packard laboratories developed a 
group of high-gain broadband mi 
crowave amplifiers employing trav 
eling-wave tubes 'â€¢ 2. Besides the 
flexibility and convenience these 
amplifiers afforded for microwave 
work, they were also noteworthy in 
that they constituted the first prac 
tical wide-band application of the 
traveling-wave tube. 

Now, these amplifiers have been 
supplemented by four new twt am 
plifiers that collectively cover the 
frequency range from 1 gc (kmc) 
to 12.4 gc and individually produce 
a full watt of rf power output. This 
output level can be obtained from 
an input of 1 milliwatt or less, since 
the gain of the amplifiers is at least 
30 db. 

The amplifiers have the further 
1 P. P. Lacy and D. E. Wheeler, "New Broadband 

Microwave Power Amplifiers Using Helix-Coupled 
TWT's," Hewlett-Packard Journal, Vol. 6, No 3-4 
Nov.-Dec., 1954. 

- Peter D. Lacy and Geo. W. C. Mathers. "New 
TWT Amplifiers with Provision for Simulating Spe 
cial Microwave Signals." Hewlett-Packard Journal, 
Vol. 7, No. S, January, 1956. 

Fig .  1 .  New twt  
amplifier (center) 
increases signal 
generator levels to 
I watt in 1-12 gc 
range. With sweep- 
frequency genera 
tors internal modu 
lation system can 
be used to provide 
cons tan t  power  
with frequency at 
levels up to 1 watt. 

new provision of a self-contained 
modulation amplifier which enables 
them to be amplitude-modulated by 
common types of signals down to 
and including dc. Thus, the ampli 
fiers can be used not only as power 
amplifiers to form high-power sig 
nal sources from single-frequency 
signal generators but also as power 
levelers to form constant-highpower 
type swept-frequency sources when 

used with swept-frequency genera 
tors. For wide-band testing of micro 
wave devices, this is a very great 
convenience. 

The new amplifier units incor 
porate periodic permanent-magnet 
focused twt's and high-performance 
power supplies and are housed in 
the new -hp- cabinets. The result is 
amplifier units that are attractive, 
light in weight, simple to operate, 
readily usable on a bench or in a 
rack, and that have excellent gain 
stability under various operating 
conditions and environments. 
E L E C T R I C A L  

A R R A N G E M E N T  

The electrical arrangement of the 
amplifier units is shown in Fig. 2. 
The power supply provides regu 
lated voltages for the twt heater and 
for all of the electrodes except the 
control/focus grid. The voltage for 
this grid is derived from a regulated 
supply but is dually controlled by 

Fig. 2. Basic cir 

c u i t  a r r a n g e  

m e n t  o f  n e w  

amplifier units. 

Twt's are of pe 

riodic perma- 

nent-magnet-fo- 

cused type. 

2 0 V  P E A K  

R F  G A I N  

R F  I N P U T  R F  O U T P U T  
1 0 0  M W  > 1  W A T T  F O R  

M A X  1  M W  I N P U T  

Model 489A 
l-2gc 

Model 491 C 
2-4 gc 

F i g .  V  N f n i  f t r i e !  o f  
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the signal applied to the Mod. Input 

terminal and by the setting of the 
front panel rf Gain control. This 
dual arrangement is thus a means 
of modulating and/or controlling 
the microwave power output or the 
twt gain. The Gain control can be 
adjusted to set the average rf out 
put level so that normal modulation, 
up-modulation or down-modulation 
can be used, depending on the po 
larity of the available input signal. 
The polarity of the modulation am 
plifier is such that a positive input 
signal produces increased rf output. 

The modulation amplifier is di 
rect-coupled and has a small-signal 
bandwidth ( = 1 volt p-p input sig 
nal) of 500 kc independent of the 
average rf  power output  or  a  dc 
modula t ion  inpu t  vo l t age .  The  
large-signal bandwidth (^20 volts 
p-p input signal) is more than 100 
kc, permitting modulation (>20 db 
on-off ratio) by sine wave and by 
square waves and pulses where a 5- 
to 10-microsecond-rise time is suffi 
cient. The twt itself is protected 

f rom too  large  a  pos i t ive  input  
signal by a clamping diode on the 
control grid and by helix current 
overload relay. 

Besides the Gain control the only 
operating control on the amplifiers 
is the power switch. In these units 
the switch is arranged with a stand 
by position which can be used to 
obtain a 90 db on-off ratio of the rf 
output when it is desired to check 
the zero output condition of a sys 
tem without disturbing the source 
of the rf power being amplified. 

P O W E R  L E V E L I N G  
In microwave test work it is often 

valuable to have a wide-band fre 
quency source that has a constant, 
high power output. Such a source, 
for example, permits fast testing of 
broadband devices by means of the 
single-coupler reflectometer meth 
od3. For such work the new ampli 
fiers are a valuable means of leveling 
the output power of signal sources 
whose power is subject to large ex 
cursions. A method for accomplish 
ing this with a typical signal source 

is shown in Fig. 4. The degree to 
which the arrangement will level 
the output of a signal source is indi 
cated by the  "before  and af ter"  
curves in Fig. 5. The leveled curve 
is constant except for the variation 
of approximately 1 db introduced 
by the characteristic of the direc 
tional coupler used. 

The arrangement indicated in 
Fig. 4 permits leveled sources to be 
obtained at one watt output from 1 
to 12.4 gc. 

R E M O T E  P R O G R A M M I N G  
Where remote programming of 

an rf source is required, it can be 
achieved by using the modulation 
capabilities of the new amplifiers. 
Since the modulation amplifier is 
de-coupled, remote programming is 
easily accomplished. 

G E N E R A L  

The high voltage power supplies 
in  the  ampl i f ie rs  a re  re la t ive ly  
simple but have been carefully de 
signed and checked for high stabil 
ity with varying line voltage and 
temperature. For example, the 2500- 
volt helix supply in the two higher 
frequency amplifiers typically has 
less than 5 mv of ripple and less than 
5 volts change in dc voltage for a 
line voltage change of Â±15% or 
an ambient temperature change of 
50Â°C. In addition, the twt filaments 
are operated from a regulated dc 
voltage to give improved stability 
and minimal residual  amplitude 
modulation. These measures result 
in a residual amplitude modulation 
that is more than 50 db below the rf 
3 J. K. Hunton and Elmer Lorence. "Improved Sweep 

Frequency Techniques for Broadband Microwave 
Testing," Hewlett-Packard Journal, Vol. 12, No. 4, 
December, 1960. 

Model 491A 
4-8 gc 

Model 495 A 
7-1 2.4 gc 

hp- Microwave Amplifiers, 
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A M P L I F I E R  F R E Q U E N C Y  R A N G E  

T W T  I N P U T  

Typical unleveled and leveled power output using new 
twt amplifier as indicated in Fig. 4. Slight variation in 
leveled curve is response of directional coupler in Fig. 4. 

( - â € ”  - - A M P L I F I E R  F R E Q U E N C Y  R A N G E  

(b) 
Curves similar to those in (a) except as obtained with 

1 -milliwatt input. 

Fig. 5. Comparison of power output curves using new ampli 
fiers at two input levels and in unleveled and leveled applications. 

output and a residual phase modula 
tion that is less than 1Â°. Also, the 
rf gain variation for a Â± 10% line 
voltage change is less than Â±0.5 db 
and the corresponding change in rf 
phase shift in the amplifier is less 
than 40Â°. 

A C K N O W L E D G M E N T  
The author wishes to acknowl 

edge the effort particularly of Fred 
H. Meyers and George C. Stanley, 
Jr. toward the design and construc 
tion of these amplifiers. 

-George W. C. Mathers 

SPECIF ICATIONS 
-hp- 

M O D E L S  4 8 9 A .  4 9 1  C ,  4 9 3  A ,  4 9 S A  
M I C R O W A V E  A M P L I F I E R S  

F r e q u e n c y  R a n g e :  
M o d e l  4 8 9 A :  1  t o  2  g c  
M o d e l  4 9 1 C :  2 t o 4 g c  
M o d e l  4 9 3 A :  4  t o  8  g c  
M o d e l  4 9 5 A :  7  t o  1 2 . 4  g c  

O u t p u t  f o r  1  m w  i n p u t :  a t  l e a s t  1  w a t t .  
M a x i m u m  r f  i n p u t :  1 0 0  m w .  
S m a l l  s i g n a l  g a i n :  g r e a t e r  t h a n  3 0  d b .  
I n p u t ,  o u t p u t  i m p e d a n c e :  5 0  o h m s ,  s w r  l e s s  

t h a n  3 . 1 .  
C o n n e c t o r s :  t y p e  N ,  f e m a l e .  
A M  p a i s b a n d :  d c  t o  1 0 0  k c .  
M o d u l a t i o n  s e n s i t i v i t y :  a p p r o x i m a t e l y  2 0  d b  

c h a n g e  i n  r f  o u t p u t  f o r  a  2 0 - v o l t  p e a k  
m o d u l a t i n g  s i g n a l .  

F r o n t  p a n e l  c o n t r o l :  G a i n ;  v a r i e s  g r i d  v o l t a g e .  
M e t e r  m o n i t o r s :  c a t h o d e  c u r r e n t .  
D i m e n s i o n s :  c a b i n e t  m o u n t ;  1 6 %  i n .  w i d e ,  

5 '  2  i n .  h i g h ,  1 8 %  i n .  d e e p .  
R o c k  m o u n t :  1 9  i n .  w i d e ,  5 V Ã  i n .  h i g h ,  1 6 V Ã  

i n .  d e e p  b e h i n d  p a n e l .  
W e i g h t :  n e t  4 0  I b s . ,  s h i p p i n g  6 0  I b s .  
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  2 2 5  w a t t s .  
P r i c e :  

M o d e l  4 8 9 A :  $ 2 3 0 0 . 0 0  
M o d e l  4 9 1 C :  $ 2 3 0 0 . 0 0  
M o d e l  4 9 3 A :  $ 2 9 0 0 . 0 0  
M o d e l  4 9 5 A :  $ 2 9 0 0 . 0 0  
P r i c e s  f . o . b .  P a l o  A l t o ,  C a l i f .  

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  

CÃœ râ€” s s 30 

F R E Q U E N C Y  ( G C )  
2 0  2 . 0  

-hp- 
M O D E l  4 9 1 C  

3 0  
F R E Q U E N C Y  ( G C )  

- 2 0  - 1 0  

M O D U L A T I O N  I N P U T  
( V O L T S )  

- 3 0  - 2 0  - 1 0  

M O D U L A T I O N  I N P U T  
( V O L T S )  

Fig. 6. Typical power output characteristics for new 
Microwave Amplifiers. 

- 3 0  - 2 0  - 1 0  

M O D U L A T I O N  I N P U T  
( V O L T S )  
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I N P U T  

100-210MC 

O S C I L L A T O R " |  C O U N T E R  

f s  0 . 2 - Ã 2 . 4 G C  Â ¡ H A R M O K I c l  5 4 0 A / B  1  5 2 5 B / C  I  5 2 Â « / D  
'  M I X E R  |  ( M o d i f i e d )  ,  . C O N V E R T E R  

A N A L O G  
O U T P U T  

f.Â±30MC 

Fig. 6. Detailed block diagram of Dymec 5796 Synchronizer. 

The 10 me reference signal from 
the counter is amplified in a separate 
channel and tripled in frequency to 
generate a 30 me signal reference. 
A delayed age loop in this channel 
maintains a constant reference level 
into the phase detector. When suffi 
cient i-f signal is also applied (as in 
dicated by the Level Set meter) to 
produce limiter action, the detector 
sensitivity is constant and independ 
ent of signal and reference level 
variations. 

Detector output is indicated on 
the meter and, after passing through 
a direct-coupled cathode follower, is 
available as a frequency control sig 
nal for the Transfer Oscillator. The 
output is a cosine function of phase 
difference and has a peak value of 
7 volts. A dc adjustment of the cath 
ode follower output enables setting 
the average output level at zero. 

D E T E R M I N I N G  H A R M O N I C  N U M B E R  
Since the transfer oscillator range 

is from 100 to over 200 me, the pos 
s ible  number of  harmonics  that  
could be used to zero-beat with the 
signal frequency is at least equal to 
the signal frequency divided by 200 

me, e.g., at 12 gc/s there are more 
than 60 harmonics available. The 
number can be doubled because the 
Synchronizer can be locked with an 
oscillator harmonic either 30 me 
above or below the signal frequency. 
This results in pairs of lock-in points 
separated by 60/N me on the oscil 
lator dial. This "pairing" of lock-in 

points provides an easier means of 

determining the harmonic in use 

than is possible without the Syn 

chronizer. The operator notes the 
frequency reading on the counter at 
each of a pair of lock points, and 
divides their difference into 60 to 
obtain the harmonic number. The 
signal frequency is the counter read 
ing mult ipl ied by the harmonic 
number, plus or minus 30 mc/s de 
pending on whether the upper or 
lower frequency is used. 

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

A minor modification to the auto 
matic frequency control system of a 
standard -hp- 540A or 540B Transfer 
Oscillator provides an increased 
range of control for use with the 
DY-5796 Synchronizer. (A modifica 

tion kit, available from Dymec, in 
cludes the necessary components and 
a new frequency dial that reflects the 
change in the upper frequency of 
the transfer oscillator from 220 me 
to 210 me.) 

C A P T U R E  A N D  L O C K  R A N G E  
P A R A M E T E R S  

The Â±7 volt control voltage from 
the Synchronizer produces at least 
Â±0.05% change at 100 me and 
Â±0.2% at 200 me in a modified 
Transfer Oscillator. The reduction 
in control at the low frequency end 
is due to a swamping effect caused 
by the higher tuning capacity, and 
points out the desirability of using 
the highest possible dial setting to 
obtain the greatest control range. 
The control range, expressed as a 
percentage, also defines the signal 
frequency lock range; thus, Â±0.2% 
at 12.4 gc corresponds to a 50 me 
range. A typical curve of lock range 
versus dial setting is shown in Fig. 7. 

Whenever feedback is employed 
in a control system, the effect of loop 
gain and bandwidth variations on 
stability must be considered by the 
designer. In this system, the loop 
gain is a function of the harmonic 
used, since the i-f frequency is ob 
tained by comparing the signal with 
an oscillator harmonic. Stable con 
trol loop design requires the capture 
range to be less than the open-loop 
bandwidth of the system. However, 
the lock-in range fi can be made 
much greater than the open-loop 
bandwidth, and is expressed as fol 
lows: 

f ,  =  2 K ,  K . N  
where K] is the detector sensitiv 

ity in volts per radian 
Ko is the oscillator control 

slope in me per volt 

N is the harmonic number 

Typical values are 

KI = 7 volts per radian 

Ka = 0.1 mc/s per volt (at 
200 me dial setting) 

N =60 (at 12.4 gc) 
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F R E Q U E N C Y  ( M E G A C Y C L E S )  
Fig. terms Curve of typical lock range of Dymec 5796 Synchronizer in terms 
of transfer oscillator frequency dial setting. At transfer oscillator harmonics 

lock range percentage applies to harmonic frequency. 

This results in a maximum lock-in 
range of about Â±40 me at 12.4 gc. Be 
cause of control slope non-linearity 
and conservative rating practices, a 
lock-in range of Â±25 me (Â±0.2%) 
is guaranteed at 12.4 gc. The capture 
range is limited to a value less than 
the system bandwidth, or typically 
1 me. 

To capture a signal and obtain 
synchronization, the Transfer Oscil 
lator must be tuned so that the dif 
ference frequency is very close to 30 
me. Normally, it is tuned through 
the proper point in order to capture 
the signal and then settled back into 
the wide lock-in range. The lock-in 
range is centered by tuning the 
Transfer Oscillator to indicate cen 
ter on the Phase Error meter. As the 
signal drifts, the phase error in 
creases until the edge of the lock-in 
range is reached â€” the Phase Error 
meter needle enters the end areas of 
the scale. Synchronization on a drift 
ing signal can be maintained with 
out measurement interruption by re- 
tuning the oscillator to re-center or 
reverse the Phase Error meter indi 
cation whenever it nears the edge. 
Since phase lock is held during these 
adjustments, no frequency error oc 
curs, and the counter reading is not 
disturbed. 

An interesting example of how a 
drifting signal can be recorded with 
a Synchronizer system is the kly 
stron oscillator drift record shown 
in Fig. 5. 

F - M  M E A S U R E M E N T S  

The amount and nature of inci 
dental f-m in the measured fre 
quency can be obtained from the os 
cillator control voltage made avail 
able at the Deviation Output termi 
nals on the front panel. The sensi 
tivity of this measurement is directly 
related to the slope of the oscillator 
frequency control circuit. At a dial 
setting of 200 me, the slope is about 
100 kc per volt. The signal deviation 
is determined by multiplying the 
oscillator deviation by the harmonic 
number. The oscillator control slope 
can easily be measured by using a 
variable voltage source and the -hp- 
524/525 Counter /Converter at vari 
ous dial settings. 

One error source should be con 
sidered in applying this technique. 
The measured f-m is slightly less 
than the signal f-m, because the con 
trol loop gain is finite and a function 
of oscillator and modulating fre 
quencies as well as harmonic num 
ber. The f-m, measured at dial set 
tings around 200 me, will be within 
5% of the signal f-m for modulating 
frequencies below 7 kc and harmon 
ics above the first. The 5% error 
limit increases to 50 kc as the har 
monic number reaches 60. (This is 
approximately proportional to the 
root of the harmonic number.) 

The maximum f-m deviation that 
can be handled without loss of syn 
chronization is obtained when the 
oscillator is tuned for zero phase er 

ror indication, thus centering the 
f-m in the lock range. In this condi 
tion, f-m at rates up to 1000 cps can 
be measured to the full limits of the 
lock-in range of Â±0.2%. Above 1000 
cps, the maximum permissible de 
viation is reduced by 20 db per 
decade. 

The minimum measurable f-m is 
limited by the residual f-m of the 
Transfer Oscillator itself. This is 
typically 150 cps peak deviation at 
dial settings around 200 me, or less 
than Â±.0001%. This occurs princi 
pally at a 60 cps rate. 

A C K N O W L E D G M E N T  
The design of the Synchronizer 

was based on a technique developed 
by Duane Marshall in the -hp- Fre 
quency and Time Engineering De 
partment. The design group at 
Dymec included John Hasen, who 
performed the circuit development, 
and Kenneth G. Wright, who per 
formed the mechanical design. 

â€”Albert Benjaminson 

O V E R A L L  S P E C I F I C A T I O N S  
( T r a n s f e r  O s c i l l a t o r  p l u s  C o u n t e r  p l u s  

S y n c h r o n i z e r )  
Frequency Range: 0.2 to 12.4 gc. 
Sens i t i v i ty :  â€”  10  dbm min imum s igna l  input  a t  

1 2 . 4  g c ,  d e c r e a s i n g  t o  â € ”  4 0  d b m  a t  2 0 0  m e .  
l o c k - O n  R a n g e :  Â ± 0 . 2 %  o f  s i g n a l  f r e q u e n c y  

m a x i m u m .  ( D e p e n d s  o n  T r a n s f e r  O s c i l l a t o r  
s e t t i n g ,  s e e  F i g .  7  i n  t e x t . )  

A c c u r a c y :  Â ±  S t a b i l i t y  Â ±  r e s o l u t i o n ;  s e e  f o l  
lowing  ent r ies .  

S t a b i l i t y :  3 / 1 0 "  s h o r t  t e r m ,  5 / 1 0 8  p e r  w e e k .  
M a y  b e  u s e d  w i t h  e x t e r n a l  f r e q u e n c y  s t a n d  
a r d ,  e . g .  - h p -  1 0 3 A R  f o r  5 / 1 0 1 0  p e r  d a y .  

R e s o l u t i o n :  Â ± 1  c o u n t  a t  t r a n s f e r  o s c i l l a t o r  f r e  
q u e n c y ,  e q u i v a l e n t  t o  5 / 1 0 Â °  w i t h  1  - s e c o n d  
c o u n t e r  g a t e ,  o r  5 / 1  0 1 0  w i t h  1 0 - s e c o n d  g a t e  
( a t  2 0 0  m e  o s c i l l a t o r  s e t t i n g ) .  

F - M  M e a s u r e m e n t :  D e v i a t i o n s  u p  t o  l o c k - o n  
r a n g e  a t  r a t e s  t o  1  k c .  A b o v e  1  k c  d e v i a t i o n  
l i m i t  r e d u c e d  a t  2 0  d b / d e c a d e  t o  m a x i m u m  
o f  0 . 0 0 1 %  o f  2 0 0  k c .  

SPECIF ICATIONS 
D Y M E C  M O D E L  5 7 9 6  S Y N C H R O N I Z E R  

Input  Requirements:  
3 0  m e  I n p u t :  1 5 0  f i v  r m s  m i n i m u m  ( f r o n t  

p a n e l  B N C ) .  
1 0  m e  I n p u t :  O . 8 v  r m s  m i n i m u m  ( f r o n t  p a n e l  

BNC) .  
E r r o r  S i g n a /  O u t p u t :  Â ± 7 v  m a x i m u m  f o r  f u l l  

l o c k - o n  r a n g e  ( r e a r  p a n e l  B N C ) .  
D e v i a t i o n  O u t p u t :  1 4 v  p e a k - t o - p e a k  a t  m o d u l a  

t i o n  r a t e s  u p  t o  1  k c .  D e c r e a s e s  a t  2 0  d b /  
d e c a d e  a t  r a t e s  t o  2 0 0  k c .  ( A v a i l a b l e  a t  f r o n t  
p a n e l  b i n d i n g  p o s t s ) .  

S e a r c h  V o l t a g e  I n p u t :  C a p t u r e  p o i n t  m a y  b e  
v a r i e d  o v e r  d e s i r e d  p a r t  o f  l o c k  r a n g e  b y  
app l i ca t ion  o f  dc  to  60  cps  s igna l ,  Â±7v  peak  
m a x i m u m .  ( R e a r  p a n e l  b i n d i n g  p o s t s . )  

P o w e r  R e q u i r e d :  1 1 5 / 2 3 0 v  Â ± 1 0 % ,  5 0 - 1 0 0 0  c p s ,  
3 5  w a t t s .  

D i m e n s i o n s :  1 9 "  w i d e ,  5 V 2 "  h i g h ,  9 V 2 "  d e e p .  
W e i g h t :  1 4  I b s .  n e t ,  2 2  I b s .  s h i p p i n g .  
P r ice :  DY-5796  T rans fe r  Osc i l l a to r  Synchron ize r  

( r a c k  m o u n t )  S 6 8 5 . 0 0 .  
A l l  p r i c e s  f . o . b .  P a l o  A l t o ,  C a l i f o r n i a  
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  

Dymec 
3 9 5  P a g e  M i l l  R o a d  
P a l o  A h o ,  C a l i f o r n i a  
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