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A Precision Sol id-state 
Television Picture Monitor  
C o n t r o l l i n g  b r o a d c a s t  p i c t u r e  q u a l i t y  a n d  p r o d u c i n g  h i g h - r e s o l u t i o n ,  
d i s to r t i on - f ree ,  c losed -c i r cu i t -TV  d i sp lays  a re  j obs  fo r  a  p rec i s ion  
i ns t r umen t ,  l i ke  t h i s  advanced  new  TV  p i c t u re  mon i t o r .  

By John R.  Hefele 

Television picture monitors are special-purpose television 
sets which display picture signals in broadcasting systems 
and in closed-circuit television systems. They are used 
in great numbers for broadcast-studio master control, for 
TV-tape monitoring, for controlling picture quality in 
studios and in intercity television networks, and for dis 
playing pictures for audiences. 

Evaluating and controlling picture quality is a particu 
larly critical application which calls for a particular kind 
of monitor. To reveal distortion introduced by cameras or 
transmission facilities without introducing significant dis- 

F ig .  1 .  New  HP  p rec i s i on  t e l ev i s i on  p i c t u re  mon i t o r  i s  ,  
s o l i d - s t a t e  e x c e p t  f o r  p i c t u r e  t u b e .  C i r c u i t s  u s e  f e e d  
b a c k  t o  m i n i m i z e  d i s t o r t i o n  a n d  m a i n t a i n  s t a b i l i t y  u n d e r  
w i d e  r a n g e  o f  e n v i r o n m e n t a l  c o n d i t i o n s .  I n s t r u m e n t  
s h o w n  i s  W e s t e r n  E l e c t r i c  v e r s i o n ,  H P  M o d e l  6 9 4 5  A .  
S t a n d a r d  v e r s i o n ,  M o d e l  6 9 4 6 A ,  i s  i d e n t i c a l  i n  a p  
p e a r a n c e .  C r o s s h a t c h  d i s p l a y  s h o w n  h e r e  i s  u s e d  f o r  

c h e c k i n g  d i s t o r t i o n  a n d  l i n e a r i t y .  

tortion itself, such a monitor must have capabilities far 
beyond those of the system being monitored. It must be 
able to display television picture signals with an accuracy 
comparable to that of a precision measuring instrument. 
Especially important are the monitor's resolution, its 
frequency and phase responses, its sweep linearity, and 
its stability. 

Closed-circuit television systems often require a simi 
lar type of monitor, that is, one with high resolution and 
accuracy. This is true, for example, in optical and elec 
tron microscopy and in satellite telemetry, or whenever 
highly detailed and distortion-free pictures are needed. 

A new monochrome picture monitor (Fig. 1) has been 
designed for applications which require a monitor having 
the quality and stability of a precision measuring instru 
ment. Development of the new monitor was prompted 
by the Bell System, which asked the instrument industry 
to develop new and modern monitoring facilities for its 
intercity television networks. The new monitor repre 
sents the second half of a precision television monitoring 
system, the first half being the HP Model 191 A Tele 
vision Waveform Oscilloscope described in these pages 
in February 1966. 

Circui ts  are Feedback-Stabi l ized 
The new picture monitor is a low-maintenance, all- 

solid-state instrument. Owing to the extensive and in some 
ways unique use of feedback throughout its circuitry, it 
has a high degree of performance stability under a wide 
range of environmental conditions. 

Frequency and phase responses of the monitor's 
picture-signal amplifier are carefully controlled, and are 
feedback-stabilized to make them virtually independent 
of signal level and of temperature-sensitive active circuit 
elements. The resulting accuracy and stability make 
the picture-signal amplifier capable of producing a 

PRINTED IN U.S .  A  
© Copr. 1949-1998 Hewlett-Packard Co.



high-resolution display. To complement the amplifier, 
a high-resolution 17-inch picture tube is used; its spot 
diameter is less than 0.010 inch measured at a brightness 
of 100 footlamberts. 

Horizontal and vertical deflection circuits employ feed 
back to improve and stabilize sweep linearity, thereby 
keeping the overall geometric distortion of the picture 
under 1.5%. No linearity adjustments are needed over 
the life of the instrument. Of special significance is the 
use of feedback in the horizontal sweep circuits along 
with the usual energy-conserving sweep technique. It is 
believed that this is the first time that this has been done 
in a commercially available picture monitor. It results in 
an efficient, highly linear deflection circuit. 

To permit examination of the edges of the raster, the 
size of the display can be reduced to 80% of full size by 
means of a front-panel switch. Linearity is not affected 
when the display size is reduced, and no other adjust 
ments are necessary. 

No Hold  Cont ro ls  
In the synchronizing channel of the new monitor, spe 

cial circuits regenerate the sync-pulse train to insure 
stability of the raster (scan pattern), even in the presence 
of transmission noise. Optimum interlacing of the lines 
which make up the TV picture is achieved by synchro 
nizing the vertical and horizontal sweeps. No manual hold 
controls are required for either U. S. or CCIR (Interna 
tional Radio Consultative Committee) scanning standards. 

O n  t h e  C o v e r :  G e o m e t r i c  d i s t o r t i o n  o f  n e w  
H P  T e l e v i s i o n  P i c t u r e  M o n i t o r  i s  m e a s u r e d  
a c c o r d i n g  t o  I E E E  S t a n d a r d s  ( 5 4  I R E  2 3 . S 1 ) .  
A  p u l s e d  l u m i n a n c e  s i g n a l  p r o d u c e s  t h e  p a t  
t e r n  o f  b r i g h t  d o t s  o n  t h e  s c r e e n .  T h e  d a r k  
' doughnu ts '  a re  p ro jec ted  on to  the  face  o f  t he  
s c r e e n  f r o m  a  d i s t a n c e  o f  f i v e  t i m e s  t h e  p i c  
t u r e  h e i g h t ,  u s i n g  a  3 5 - m m  s l i d e .  I f  t h e  d o t s  
a r e  a l l  w i t h i n  t h e  ' h o l e s '  o f  t h e  ' d o u g h n u t s , '  
g e o m e t r i c  d i s t o r t i o n  i s  1 %  o r  l e s s .  T h e  o u t e r  
e d g e s  o f  t h e  ' d o u g h n u t s '  a r e  2 %  d i s t o r t i o n  
l im i t s .  A  mon i to r ' s  d i s to r t i on  mus t  be  less  than  
1 .5% to  pass  the  tes t .  

A l s o  i n  t h i s  I s s u e :  M e a s u r i n g  S p o t  S i z e  a n d  
I n t e r l a c e  F a c t o r ;  p a g e  4 .  C o u n t i n g  C W  a n d  
Pu lsed  RF Frequenc ies  to  18  GHz;  page 9 .  F re  
q u e n c y  C o n v e r t e r ,  T r a n s f e r  O s c i l l a t o r ,  o r  
B o t h ? ;  p a g e  1 1 .  ' A t o m i c  S e c o n d '  a d o p t e d  b y  
Internat ional  Conference;  back cover.  

F i g .  2 .  P i c t u r e  a m p l i f i e r  h a s  l o o p - t h r o u g h  b a l a n c e d  o r  
u n b a l a n c e d  i n p u t s  f o r  s t a n d a r d  t e l e v i s i o n  a n d  t e l e p h o n e  
c a b l e s .  D C  r e s t o r e r  m a i n t a i n s  l u m i n a n c e  o f  d i s p l a y e d  
b l ack  s i gna l s  cons tan t  w i t h i n  1  %  .  F requency  and  phase  
responses  a re  ca re fu l l y  con t ro l l ed  t o  avo id  d i s t o r t i on .  

High voltage and the lower accelerating-anode poten 
tials required by the picture tube are derived from an 
all-solid-state high-voltage power supply. This supply is 
highly regulated Â«0.5% voltage change for up to 400 
/iA output current), so that the size of the raster is not 
measurably affected by changes in picture-tube current 
demand. To protect the picture tube, high voltage is cut 
off when there is no horizontal deflection signal. 

Picture Ampli f ier  Requirements 
Television picture signals can be considered to be a 

series of pulses or transients. The amplitudes, widths, 
shapes, rise and fall times, and times of occurrence of 
these transients can vary in a completely random manner. 

For excellent reproduction of a television picture, the 
picture amplifier must have carefully controlled transient 
response. Transient response, of course, involves both 
amplitude-versus-frequency and phase-versus-frequency 
responses. However, phase response is especially im 
portant. If the picture amplifier doesn't have a linear 
phase characteristic â€” that is, if the amplifier doesn't 
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have constant time delay for all frequencies â€” all of the 
frequency components of a pulse won't reach the output 
at the same time. The result is phase distortion, or delay 
distortion. 

The eye's tolerance for delay distortion (phase distor 
tion) is very small. Visually, delay equals displacement. 
If the picture amplifier doesn't have constant delay for 
all frequencies, a sharp edge in the original scene may 
become two edges in the reproduced picture. 

On the other hand, the eye has a large tolerance for 
amplitude distortion produced by an amplitude response 
which is not flat with frequency.1 It can readily be shown 
that the departure from a linear phase characteristic as 
sociated with a single uncompensated RC rolloff can 
produce a more distressing pulse-shape distortion than 
the accompanying relative amplitude distortion. It seems, 
therefore, that maintenance of an accurately linear phase 

i  C o n v e r s e l y ,  t h e  e a r ' s  t o l e r a n c e  f o r  d e l a y  d i s t o r t i o n  i s  h i g h ,  w h i l e  i t s  t o l e r a n c e  f o r  
a m p l i t u d e  d i s t o r t i o n  i s  l o w .  

shift (constant time delay) over the entire usable spec 
trum- of the picture signal is the main criterion to be 
satisfied by a good television system. 

The picture amplifier of the new monitor has been 
designed with these considerations in mind. 

Picture Amplif ier Design 
The frequency response of the picture amplifier is flat 

within Â±0.25 dB up to 4.5 MHz, the nominal bandwidth 
of a television video channel. The response then rolls off 
smoothly and monotonically to â€”1 dB at 12 MHz, and 
to-3dBat  18MHz.3  

The phase response of the amplifier is linear (constant 
delay) out to frequencies beyond 16 MHz. A T/2 pulse 

1  Usab le  spec t rum can  be  de f i ned  as  encompass ing  a l l  f r equenc ies  i n  t he  p i c tu re  s ig  
na l  wh i ch  cons t i t u te  a  de tec tab le ,  o r  ' seeab le , '  po r t i on  o f  t he  p i c tu re .  I n  sub jec t i ve  
tests determined semi-darkness using good-quality picture monitors, it has been determined 
tha t  s igna ls  40  dB  be low the  b r igh tes t  po r t i ons  o f  the  p i c tu re  a re  ba re ly  de tec tab le .  

'  M o d e l  a d d i  t h e  W e s t e r n  E l e c t r i c  v e r s i o n  o f  t h e  n e w  p i c t u r e  m o n i t o r ,  h a s  a n  a d d i  
t i o n a l  a m p l i f i e r .  n o n - m i n i m u m - p h a s e  p a s s i v e  n e t w o r k  i n  t h e  p i c t u r e  a m p l i f i e r .  T h e  
n e t w o r k  g i v e s  t h e  a m p l i f i e r  a  f r e q u e n c y  r e s p o n s e  w h i c h  i s  d o w n  3  d B  a t  1 1 . 5  M H z  
and down 20 dB a t  20  MHz.  Both  mode ls  have the  same phase response.  

Measuring Spot Size and Interlace Factor 

U l t i m a t e l y ,  b r i g h t n e s s  a n d  r e s o l u t i o n  i n  t h e  t e l e v i s i o n  p i c  
t u r e  s e e n  b y  a  v i e w e r  a r e  d e t e r m i n e d  b y  t h e  s i z e  o f  t h e  
f ocused  spo t  o f  t he  p i c t u re  t ube .  

T h e  t e c h n i q u e  u s e d  t o  m e a s u r e  t h e  s p o t  s i z e  o f  t h e  n e w  
m o n i t o r  i s  d i f f e r e n t  f r o m  t h e  u s u a l l y  e m p l o y e d  s h r i n k i n g  
r as te r  me thod .  I t  i s  a l so  cons i de rab l y  mo re  accu ra te .  Un l i ke  
t he  o lde r  me thod ,  t he  new techn ique  g i ves  i n fo rma t i on  abou t  
C R T  t r a n s f e r  c h a r a c t e r i s t i c s  a n d ,  m o r e  i m p o r t a n t ,  i t  a c c u  
ra te l y  de te rm ines  t he  i n t e r l ace  f ac to r ,  wh i ch  i s  a  measu re  o f  
t h e  u n i f o r m i t y  o f  t h e  s p a c i n g  b e t w e e n  t h e  l i n e s  o f  t h e  
r a s t e r .  

Measurement Technique Described 
A  p o r t i o n  o f  t h e  r a s t e r  i s  f o c u s e d  t h r o u g h  a  m i c r o s c o p e  

o n t o  a  s m a l l ,  a c c u r a t e  a p e r t u r e ,  0 . 1 2 5  m m  b y  6 . 3 5  m m .  T h e  
h o r i z o n t a l  s c a n  l i n e s  a r e  p a r a l l e l  t o  t h e  l o n g  d i m e n s i o n  o f  
t h e  a p e r t u r e .  A n  o p t i c a l l y - f i l t e r e d  p h o t o m u l t i p l i e r  i s  p l a c e d  
b e h i n d  t h e  a p e r t u r e ,  a n d  i t s  o u t p u t  i s  d i s p l a y e d  o n  a n  o s c i l  
l o s c o p e .  O n c e  e v e r y  f i e l d  t i m e ,  t h e  l u m i n o u s  s p o t  s c a n s  t h e  
a p e r t u r e ,  p r o d u c i n g  a  p u l s e  i n  t h e  p h o t o m u l t i p l i e r  o u t p u t .  
T h e  a m p l i t u d e  o f  t h e  p u l s e  r e p r e s e n t s  t h e  l u m i n a n c e  o f  t h e  
samp led  po r t i on  o f  t he  spo t .  

An  essen t i a l  pa r t  o f  t he  techn ique  i s  t o  mod i f y  t he  ve r t i ca l  
s w e e p  s o  t h a t  a  d i f f e r e n t  p o r t i o n  o f  t h e  s p o t  i s  s a m p l e d  
e a c h  t i m e  t h e  s p o t  s c a n s  t h e  a p e r t u r e .  A  s m a l l  2 - H z  t r i  
a n g u l a r  w a v e  i s  a d d e d  t o  t h e  v e r t i c a l  s w e e p ,  c a u s i n g  t h e  
e n t i r e  r a s t e r  t o  m o v e  u p  a n d  d o w n  t h r e e  o r  f o u r  m i l l i m e t e r s .  
S i n c e  t h e  v e r t i c a l  d i m e n s i o n  o f  t h e  a p e r t u r e  ( 0 . 1 2 5  m m  o r  
a p p r o x i m a t e l y  0 . 0 0 5  i n . )  i s  l e s s  t h a n  t h e  s p o t  d i a m e t e r ,  t h e  
p a r t  o f  t h e  s p o t  t h a t  i s  s a m p l e d  v a r i e s  f r o m  o n e  s i d e  o f  t h e  

*  The Measur ing technique was suggested in :  E.  Brown,  'A Method for  Measur ing the 
Spat ia l -F requency  Response o f  a  Te lev is ion  Sys tem, '  p resen ted  a t  the  SMPTE con  
v e n t i o n  i n  N e w  Y o r k ,  A p r i l ,  1 9 6 7  ( p a p e r  * 1 0 1 - 8 2 ) .  A s  d e s c r i b e d  i n  t h e s e  p a g e s ,  
t h e  t e c h n i q u e  i n c l u d e s  a d d i t i o n a l  r e f i n e m e n t s  m a d e  b y  t h e  a u t h o r .  

s p o t  t o  t h e  o t h e r  a s  t h e  r a s t e r  m o v e s  u p  a n d  d o w n .  T h e  
a m p l i t u d e s  o f  t h e  p u l s e s  c o m i n g  f r o m  t h e  p h o t o m u l t i p l i e r  
a l s o  v a r y ,  i n  t h e  s a m e  w a y  a s  t h e  l u m i n a n c e  o f  t h e  s p o t  
va r i es  f r om one  s i de  o f  t he  spo t  t o  t he  o the r .  The re fo re ,  t he  
e n v e l o p e  o f  t h e  p h o t o m u l t i p l i e r  p u l s e s  h a s  t h e  s a m e  s h a p e  
a s  t h e  s p o t  p r o f i l e ,  w h i c h  i s  t h e  v a r i a t i o n  i n  l u m i n a n c e  
ac ross  t he  d iame te r  o f  t he  spo t .  

T h e  a m p l i t u d e s  o f  t h e  p u l s e s  d i s p l a y e d  o n  t h e  o s c i l l o  
scope  have  been  measu red ,  and  by  means  o f  a  cu r ve - f i t t i ng  
t e c h n i q u e ,  i t  h a s  b e e n  d e t e r m i n e d  t h a t  t h e  s p o t  p r o f i l e  f i t s  
the normal  er ror  curve,  that  is ,  i t  has a Gauss ian shape (e~"2) .  

S p o t  s i z e ,  d e f i n e d  a s  t h e  h a l f - a m p l i t u d e  w i d t h  o f  t h e  
s p o t ,  c a n  b e  m e a s u r e d  o n  t h e  o s c i l l o s c o p e ,  p r o v i d e d  t h a t  
t h e  n u m b e r  o f  m i l l i m e t e r s  b e t w e e n  s a m p l e s  c a n  b e  d e  
t e r m i n e d .  T h i s  i s  r e a d i l y  a c c o m p l i s h e d .  T h e  e n v e l o p e  o f  
t h e  d i s p l a y e d  p u l s e s  i s  a  s e r i e s  o f  o v e r l a p p i n g  G a u s s i a n -  
s h a p e d  c u r v e s ,  a n d  t h e  d i s t a n c e  b e t w e e n  c o r r e s p o n d i n g  
p o i n t s  o f  t w o  a d j a c e n t  G a u s s i a n  e n v e l o p e s  i s  e q u a l  t o  t h e  
l i n e  p i t c h  o f  t h e  r a s t e r .  L i n e  p i t c h  i s  s i m p l y  t h e  v e r t i c a l  d i  
m e n s i o n  o f  t h e  r a s t e r  d i v i d e d  b y  t h e  n u m b e r  o f  l i n e s  i n  i t ,  
w h i c h  i s  k n o w n .  T h u s  t h e  t i m e  a x i s  o f  t h e  o s c i l l o s c o p e  c a n  
be  ca l i b ra ted  i n  m i l l ime te rs  and  the  spo t  s i ze  measured .  

B y  t h i s  m e t h o d  t h e  s p o t  s i z e  o f  t h e  n e w  p i c t u r e  m o n i t o r  
h a s  b e e n  d e t e r m i n e d  t o  b e  0 . 2 4 6  m m  ( 0 . 0 0 9 6 8  i n c h )  a t  1 0 0  
f oo t l ambe r t s  d i sp l ayed  b r i gh tness ,  and  0 .2318  mm (0 .00878  
i n c h )  a t  3 0  f o o t l a m b e r t s  d i s p l a y e d  b r i g h t n e s s .  

Resolution Function 
R e s o l u t i o n  i s  d e f i n e d  a s  t h e  n u m b e r  o f  d i s t i n g u i s h a b l e  

a l t e r n a t i n g  b l a c k  a n d  w h i t e  v e r t i c a l  l i n e s  t h a t  c a n  b e  d i s  
p l a y e d  a c r o s s  t h e  h o r i z o n t a l  d i m e n s i o n  o f  t h e  p i c t u r e  t u b e .  
As  the  l i nes  become nar rower  (more  l i nes  in  same hor i zon ta l  
d i s t a n c e )  t h e  b r i g h t n e s s  r a n g e  o f  t h e  r e p r o d u c e d  p i c t u r e  
d e c r e a s e s .  T h e  w h i t e  l i n e s  b e c o m e  l e s s  b r i g h t  a n d  t h e  
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(a sixteenth-microsecond sine-squared pulse) contains 
significant frequency components up to 16 MHz. The 
picture amplifier reproduces a T/2 pulse at the control 
electrode of the picture tube with greater than 90% am 
plitude and with a symmetrical shape; preshoot and over 
shoot are less than 5% and are equal to each other 
within 1%. 

The picture amplifier (Fig. 2) accepts composite pic 
ture signals having levels of 0.25 V to 2.0 V and amplifies 
them to the level required to drive the picture tube. 

Two high-impedance loop-through input circuits allow 
the monitor to accept signals from either balanced or un 
balanced transmission lines. The input jacks and their 
connections to the amplifier are designed to have the 
characteristic impedances of standard television cables, 
so they can act as integral parts of the cables. Compen 
sating networks in each input circuit minimize the effects 
of the input capacitances of the amplifier. The effect 
of bridging the instrument across a line is quite small; 

that is, very little power is reflected back into the trans 
mission line. Return loss is greater than 40 dB from dc 
to 4.5 MHz. 

The input preamplifier is a direct-coupled differential- 
to-single-ended amplifier which has common-mode re 
jection of 46 dB from dc to 2 MHz. High common-mode 
rejection is especially important when the monitor is con 
nected to a long cable run. The preamplifier can be driven 
by two balanced lines or by the shield and center con 
ductor of a single coaxial cable. The open-loop gain of 
the preamplifier is 140, and is reduced by feedback to a 
closed-loop gain of 1 .8; this amount of feedback provides 
exceptional stability. 

The output stage is a high-efficiency complementary- 
transistor amplifier stabilized and linearized by feedback 
for output signals up to 70 V and to over 25 MHz. The 
complementary transistors allow the circuit to operate 
linearly over a wide range of amplitudes with a relatively 
low supply voltage and low power consumption. 

b l a c k  l i n e s  b e c o m e  l e s s  d a r k .  T h i s  h a p p e n s  b e c a u s e  t h e  
p i c tu re - t ube  spo t  has  f i n i t e  d i ame te r .  As  t he  l i nes  ge t  c l ose r  
t o g e t h e r  t h e  s p o t  f i n d s  i t s e l f  t r y i n g  t o  r e p r o d u c e  a  b l a c k  
l i n e  a n d  a  w h i t e  l i n e  a t  t h e  s a m e  t i m e ;  t h e  r e s u l t  i s  t w o  
gray l ines.  

A p e r t u r e  c h a r a c t e r i s t i c s  o f  a  p i c t u r e  t u b e  a r e  c u r v e s  o f  
r e s o l u t i o n  i n  T V  l i n e s  v e r s u s  r e l a t i v e  b r i g h t n e s s  r a n g e  i n  
d B .  F i g .  1  s h o w s  t h e  a p e r t u r e  c h a r a c t e r i s t i c s  o f  t h e  n e w  
p i c t u r e  m o n i t o r  a t  t w o  l e v e l s  o f  m a x i m u m  b r i g h t n e s s .  

R e s o l u t i o n  i s  a l s o  r e l a t e d  t o  t h e  f r e q u e n c y  r e s p o n s e  o f  
t h e  m o n i t o r ' s  p i c t u r e  a m p l i f i e r ,  s i n c e  f o r  a  g i v e n  s c a n n i n g  
r a t e ,  t h e  m o r e  l i n e s  t h e r e  a r e  i n  t h e  s a m e  h o r i z o n t a l  d i s  
t a n c e  t h e  f a s t e r  t h e  l u m i n a n c e  s i g n a l  a l t e r n a t e s  b e t w e e n  a  
h i g h  v a l u e  a n d  a  l o w  v a l u e .  C o m b i n i n g  t h e  f r e q u e n c y  r e  
s p o n s e  o f  t h e  p i c t u r e  a m p l i f i e r  a n d  t h e  a p e r t u r e  c h a r a c t e r  
i s t i cs  o f  the  p ic tu re  tube  g ives  an  overa l l  ' reso lu t ion  func t ion '  
f o r  t h e  n e w  ( M o d e l  6 9 4 5 A )  p i c t u r e  m o n i t o r ,  F i g .  2 .  A t  6 5 0  
T V  l i n e s ,  t h e  r e s p o n s e  i s  d o w n  l e s s  t h a n  1  d B .  I t  i s  d o w n  
3  dB  a t  800  TV  l i nes ,  6 .5  dB  a t  1 ,000  TV  l i nes ,  and  12  dB  a t  
1,240 TV l ines. 

I t  i s  b e l i e v e d  t h a t  F i g s .  1  a n d  2  r e p r e s e n t  t h e  f i r s t  t i m e  
s u c h  c h a r a c t e r i s t i c s  h a v e  b e e n  m e a s u r e d  a n d  p u b l i s h e d  

F i g .  1 .  A p e r t u r e  c h a r a c t e r i s t i c s  o f  p i c t u r e  t u b e  
i n  M o d e l s  6 9 4 5 A  a n d  6 9 4 6 A  P i c t u r e  M o n i t o r s .  
F i g .  2 .  O v e r a l l  r e s o l u t i o n  Â ¡ u n c t i o n  o l  M o d e l  
6 9 4 5 A  P i c t u r e  M o n i t o r  i s  c o m b i n a t i o n  o t  a p e r  
t u r e  c h a r a c t e r i s t i c s  o t  p i c t u r e  t u b e  ( F i g .  ^ )  a n d  
f r e q u e n c y  r e s p o n s e  o f  p i c t u r e  a m p l i f i e r .  

f o r  a n y  T V  m o n i t o r .  D e r i v i n g  t h e m  r e q u i r e d  a n  a c c u r a t e  d e  
t e r m i n a t i o n  o f  t h e  s p o t  p r o f i l e ,  a n d  t h i s  w a s  m a d e  p o s s i b l e  
b y  t h e  n e w  m e a s u r i n g  t e c h n i q u e .  

Interlace Factor 
I n t e r l a c e  f a c t o r  i s  d e f i n e d  a s  t w i c e  t h e  s m a l l e s t  s e p a r a  

t i o n  b e t w e e n  a d j a c e n t  l i n e s  o f  t h e  r a s t e r  d i v i d e d  b y  t h e  
sepa ra t i on  be tween  success i ve  l i nes  a t  t ha t  po in t .  S ince  the  
p i c t u r e  i s  s c a n n e d  i n  t w o  f i e l d s ,  a n d  t h e  l i n e s  o f  t h e  t w o  
f i e l d s  a l t e r n a t e  o n  t h e  d i s p l a y ,  e v e r y  o t h e r  l i n e  i s  a  ' s u c c e s  
s i v e '  l i n e .  I f  t h e  f i e l d s  a r e  p e r f e c t l y  i n t e r l a c e d ,  t h e  s p a c i n g  
b e t w e e n  s u c c e s s i v e  l i n e s  w i l l  b e  e x a c t l y  t w i c e  t h e  s p a c i n g  
be tween  ad jacen t  l i nes ,  and  t he  i n te r l ace  f ac to r  w i l l  be  one .  

T h e  s a m e  o s c i l l o s c o p e  d i s p l a y  t h a t  w a s  u s e d  t o  m e a s u r e  
s p o t  s i z e  a l s o  g i v e s  i n f o r m a t i o n  a b o u t  i n t e r l a c e  f a c t o r .  
S a m p l e  p u l s e s  p r o d u c e d  b y  a d j a c e n t  l i n e s  o f  t h e  r a s t e r  a r e  
i n t e r l a c e d  o n  t h e  o s c i l l o s c o p e  d i s p l a y  i n  t h e  s a m e  o r d e r  
a s  t h e  l i n e s  i n t e r l a c e  o n  t h e  r a s t e r .  W h e n  t h e  n e w  p i c t u r e  
mon i to r  was  tes ted ,  t he  spac ing  o f  t he  pu l ses  was  measu red  
a n d  t h e  i n t e r l a c e  f a c t o r  w a s  f o u n d  t o  b e  e x a c t l y  e q u a l  t o  
o n e ,  t o  t h e  a c c u r a c y  w i t h  w h i c h  t h e  o s c i l l o s c o p e  d i s p l a y  
cou ld  be  measu red .  

Â¡3-12 

Â ¡ - 1 6  
SS 

2 0 0  4 0 0  6 0 0  1 0 0 0  2 4 0 0  4 0 0 0  
RESOLUTION (TV L ines)  

2  3  4  6  8  1 0  2 0  3 0  5 0  
FREQUENCY (MHz)  

Fig.  1  F i g .  2  

2 0 0  4 0 0  6 0 0  1 0 0 0  1 6 0 0  
DLUTION (TV L ines)  
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Black Level  Clamped During 
Back-Porch Interval  

A dc restorer in the picture amplifier fixes the lumi 
nance of the black portions of the picture at a constant 
level regardless of the incoming signal level. The dc re 
storer is a feedback loop (see Fig. 2) which is closed by 
a sampling pulse during the 'back porch' of the composite 
picture signal. (The back porch is a short period of blank 
ing level following each horizontal sync pulse. Black level 
is offset from blanking level by a fixed 'setup' voltage.) 
This loop effectively reduces the amplification of the cir 
cuit to unity for dc and very low frequencies. The sta 
bility of the black level is a function only of the regulation 
of the amplifier's power supply, and this supply is regu 
lated to within 0.05% . 

Synchronizing the Picture 
To insure an accurately interlaced and stabilized raster, 

incoming sync signals are given intensive processing and 
regeneration. Synchronization can be effected either from 
the composite picture signal, or from one of two external 
sync signals. A front-panel switch selects which sync sig 

nal will be used. Regardless of which source is used, 
sync signals are given the same processing. The process 
ing eliminates transmission noise, as well as distortion of 
the sync pulses which may have occurred in long con 
necting cables. 

Incoming sync signals go first through a low-pass filter 
which reduces their noise bandwidth. They are then 
clamped by a fast-acting or 'hard' clamp, to remove any 
low-frequency noise or hum which may have been added 
to the signal during transmission. Next, the signal is 
clipped at a predetermined amplitude level; if picture 
signals are present, they are removed in this step, since 
the clipping level is near the tips of the sync pulses. The 
sync pulses are then regenerated by a Schmitt-trigger 
circuit. The result is a clean, undistorted replica of the 
incoming sync signals. 

Fig. 3 shows the circuits which accomplish these op 
erations. This diagram also shows the remainder of the 
synchronizing and deflection systems. 

Pulses at the line repetition rate (15,750 Hz in U. S., 
for monochrome signals) are generated by gating the 
regenerated sync pulses. The gate prevents the horizontal 

Compos i te  V ideo  
Signal  

o r  Ex te rna l  Sync  

Fig .  s tab i l i t y  t rans c i rcu i ts  regenerate  sync pu lses to  ensure  ras ter  s tab i l i t y  in  sp i te  o f  t rans 
m i s s i o n  c o n  W i d e  l o c k - i n  r a n g e  e l i m i n a t e s  n e e d  f o r  h o r i z o n t a l  a n d  v e r t i c a l  h o l d  c o n  
t r o l s .  O p t i m u m  i n t e r l a c i n g  o f  f i e l d s  o n e  a n d  t w o  i s  a s s u r e d  b y  t r i g g e r i n g  h o r i z o n t a l  a n d  
ve r t i ca l  sweep  c i r cu i t s  f r om  same  phase - l ocked  osc i l l a t o r .  Sweep  c i r cu i t s  have  f eedback  

to  reduce  geomet r i c  d i s to r t i on .  
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S P E C I F I C A T I O N S  

H P  M o d e l  6 9 4 6 A  
Te lev is ion  P ic ture  Moni tor  

V I D E O  C I R C U I T S :  
INPUT CIRCUIT:  75  ÃÃ unba lanced to  ground;  BNC or  UHF 

connectors with loop-through faci l i ty.  
124 Â£Ã¯ balanced to ground; BNC or UHF connectors with 

loop-through facil i ty.  
Return loss greater  than 40 dB from dc to 4.5 MHz 
Pro tec t ion  fo r  up  to  100  V  peak  t rans ien ts  appear ing  on  

input balanced l ine.  
Input impedance (unterminated):  12 k' . i  

I N P U T  L E V E L :  0 . 2 5  t o  2  v o l t s  p e a k - t o - p e a k  f o r  5 0 - v o l t  
signal at  kinescope. 

C O M M O N  M O D E  R E J E C T I O N  ( L O N G I T U D I N A L  B A L A N C E ) :  
4 6  d B  f r o m  0  t o  2  M H z .  d e c r e a s i n g  a t  6  d B / o c t  f r o m  
2  MHz  to  20  MHz  

F R E Q U E N C Y  R E S P O N S E :  F l a t  u p  t o  4 . 5  M H z :  d e c r e a s e s  
m o n o t o n i c a l l y  ( s m o o t h l y )  t o  -  1  d B  a t  1 2  M H z  a n d  t o  
- 3  d B  a t  1 8  M H z .  

S INE-SQUARED RESPONSE:  Overshoot  symmetry  is  be t te r  
than  1% on  a  62 .5  nanosecond input  pu lse  appear ing  on  
the  p ic ture  tube  contro l  gr id  Maximum overshoot  is  less  
than  5% of  pu lse  ampl i tude .  

R I S E  T I M E :  L e s s  t h a n  5 0  n a n o s e c o n d s  f o r  a  s t e p  c h a n g e  
input viewed at  the picture tube modulat ing gr id.  

S I G N A L - T O - N O I S E  R A T I O :  r m s  v i s i b l e  n o i s e  i s  m o r e  t h a n  
5 0  d B  b e l o w  p - p  s i g n a l  p r e s e n t  a t  p i c t u r e  t u b e  w h e n  a  
0.25 volt  sinusoid is applied to the input 

D I F F E R E N T I A L  G A I N :  L e s s  t h a n  3 %  o v e r  s p e c i f i e d  i n p u t  
level (0 25 to 2 V p-p).  

D C  R E S T O R A T I O N :  K e y e d  b a c k - p o r c h  c l a m p .  
B L A C K  L E V E L  S H I F T :  L e s s  t h a n  1 %  f o r  a  f u l l  c h a n g e  i n  

input signal level.  

H O R I Z O N T A L  D E F L E C T I O N  C I R C U I T S :  
HORIZONTAL AFC: Locks on ei ther  525 or  625 l ine systems 

picture 
signal-to-noise ratio of 12 dB. 

H O R I Z O N T A L  W I D T H :  M o r e  t h a n  5 %  o v e r s c a n  o f  t h e  
u s a b l e  v i s i b l e  a r e a  o f  t h e  k i n e s c o p e ;  h o r i z o n t a l  w i d t h  
control  range is  15% ot  hor izontal  d imension 

V E R T I C A L  D E F L E C T I O N  C I R C U I T S :  
F I E L D  R A T E :  V e r t i c a l  l o c k  a n d  i n t e r l a c e  i s  a u t o m a t i c  

Front  panel  swi tch mainta ins  the  p ic ture  aspect  ra t io  for  
e i the r  50  o r  60  Hz  f i e ld  ra te  Ver t i ca l  sync  i s  ma in ta ined  
w i th  a  compos i te  p ic tu re  s igna l - to -no ise  ra t io  o f  12  dB  

V E R T I C A L  H E I G H T :  M o r e  t h a n  5 %  o v e r s c a n  o f  t h e  u s a b l e  
v i s i b l e  a r e a  o f  t h e  k i n e s c o p e ;  v e r t i c a l  h e i g h t  c o n t r o l  
range is  15% of  vert ical  dimension.  

D ISPLAY:  
D I S P L A Y  S I Z E :  S w i t c h a b l e  f r o m  1 0 0 %  t o  8 0 %  o f  f u l l  p i c  

ture  s ize  wi th  no  change  in  l inear i ty .  
G E O M E T R I C  R A S T E R  D I S T O R T I O N :  L e s s  t h a n  1 . 5 %  o v e r  

a l l :  l e s s  t h a n  1 %  i n  s a f e  t i t l e  a r e a  ( 8 0 %  o f  f u l l  p i c t u r e  
size). 

INTERLACE FACTOR:  Un i ty  (equa l  spac ing  be tween  ras te r  
lines) 

R E S O L U T I O N :  G r e a t e r  t h a n  6 5 0  l i n e s  o v e r  t h e  e n t i r e  a r e a  
of the raster. 

L INE BRIGHTENING:  Separate  raster  l ine  br ightening input .  
A  l i n e  b r i g h t e n i n g  g a t e  p r o d u c e d  b y  a  T V  O s c i l l o s c o p e  

c a n  b r i g h t e n  a n y  s e l e c t e d  r a s t e r  l i n e  ( 1 - 5 2 5 )  o n  T V  
Picture Monitor.  

P ICTURE TUBE:  17 - in  rec tangu la r  tube ,  t ype  17DWP4 w i th  
medium shor t  pers is tence  P-4  phosphor ,  a lumin ized  

SAFETY GLASS: Circular ly  polar ized laminated safety glass 
i s  s t a n d a r d  o n  a l l  u n i t s  P o l a r i z a t i o n  i n c r e a s e s  r e p r o  
duced picture  contrast .  

O T H E R  S P E C I F I C A T I O N S :  
E X T E R N A L  S Y N C  I N P U T S :  S w i t c h  s e l e c t s  S y n c  1 .  S y n c  2 ,  

o r  I n t e r n a l  s y n c  i n p u t s  ( l o o p - t h r o u g h )  a t  r e a r  o f  u n i t .  
Sync input range is 1 V to 8 V.  

T E M P E R A T U R E  R A T I N G S :  O p e r a t i n g :  - 2 0 Â ° C t o  + 5 5 " C .  
Storage:  -  20CC to +75Â°C.  

ALTITUDE: Operat ing:  up to 15,000 f t .  
Storage: up to 50.000 ft .  

CONTROLS: 
F R O N T - P A N E L .  E X P O S E D :  O f f - O n  a c  S w i t c h ,  C o n t r a s t .  

Brightness. Size Switch. 
F R O N T - P A N E L .  C O N C E A L E D :  5 0 / 6 0  H z  F i e l d  A s p e c t  

Ratio Switch.  Focus. Height,  Width.  
I N P U T  P O W E R :  1 0 5 - 1 3 0 / 2 1 0 - 2 6 0  v o l t s ,  5 0 - 4 0 0  H z .  7 5  W  

nominal. 
D I M E N S I O N S :  1 7 ' / l s  i n  w i d e  x  1 5 %  i n  h i g h  x  2 0 V 4  i n  d e e p  

(44 .3  cm wide  x  39 ,4  cm h igh  x  51 .1  cm deep) .  
RACK MOUNT:  Rack  mount ing  k i ts  a re  p rov ided  w i th  each  

uni t .  
WEIGHT:  Net ,  63 .5  Ibs .  (30 .6  kg) .  

PRICE: Â«950.00 
A N T I - R E F L E C T I V E  O P T I O N :  T h e  c i r c u l a r l y  p o l a r i z e d  s a f e t y  

g lass ,  wh ich  is  s tandard  on  a l l  un i ts ,  may  be  ordered  wi th  
a  s p e c i a l  a n t i - r e f l e c t i v e  c o a t i n g .  T h i s  c o a t i n g  e l i m i n a t e s  
most  o t  the  sur face  g lare  tha t  de t rac ts  f rom easy  v iewing .  
Contact  your  loca l  HP Sales  Of t ice  for  fur ther  in format ion.  

O P T I O N  4 6 :  S w i t c h a b l e  P u l s e  C r o s s  D i s p l a y .  ( 4 5 . 0 0  a d d i -  

s i m p l e  m e t h o d  o f  c h e c k i n g  t h e  r e l a t i v e  p h a s i n g  a n d  d u r a  
t ion  o f  the  synchron iz ing  in format ion  t ransmi t ted  wi th  the  
video signal.  

M O D E L  6 9 4 5 A :  T h i s  i s  a  s p e c i a l l y  d e s i g n e d  1 7 "  m o n i t o r  l o r  
the Bel !  System. I t  has Western Electr ic  input  jacks located 
o n  t h e  l o w e r  l e f t  r e a r  s i d e  p a n e l .  T h i s  u n i t  d o e s  n o t  p r o  
v ide  ex te rna l  sync  o r  re t race  b lank ing  as  p rov ided  on  the  
6 9 4 6 A .  I t  i s  a  c o m p a n i o n  u n i t  t o  t h e  H P  1 9 3 A .  
P R I C E :  S 1 3 5 0 0 0  

M A N U F A C T U R I N G  D I V I S I O N :  H P  H A R R I S O N  D I V I S I O N  
100 Locust Avenue 
Berkeley Heights.  
New Jersey 07922 

drive circuits from being activated by equalizing pulses, 
vertical sync pulses, or excessive noise pulses. The output 
of this gate triggers another pulse generator, to produce 
a train of pulses of uniform width and level occurring at 
the line repetition rate even during the vertical sync 
interval. 

Phase-Locked Osci l lator Drives 
Both Deflection Circuits 

Stability of the displayed picture and correct inter 
lacing of the two fields of each frame are assured by 
driving the horizontal and vertical deflection circuits with 
a single oscillator, which is phase-locked to the incoming 
sync signals. The oscillator operates at twice the line repe 
tition rate, and its output frequency is divided by two to 
drive the horizontal deflection circuits. The reason for 
the double-frequency oscillator is that correct interlacing 
of the two fields requires accurate half-line timing; the 
vertical scan for field 2 must be started after precisely 
262 1/2 lines of field 1 have been scanned. 

To phase-lock the oscillator to the incoming sync sig 
nals, a ramp of voltage, generated by the voltage appear 
ing across the horizontal deflection coil during retrace 
time, is compared with the regenerated horizontal sync 
pulses. Errors in the timing of the retrace cause the com 
parator output to be above or below zero volts, and this 
error voltage is used to control the frequency of the oscil 
lator. Lock-in range of the system is such that no manual 
adjustments are ever required, even if the signal is shifted 

from the 525-line, 60-fields-per-second U. S. system to 
the 625-line, 50-fields-per-second CCIR system. 

Vert ical  Sync and Deflect ion Circuits 
The stabilized double-frequency pulses from the phase- 

locked oscillator trigger the vertical sweep generator. At 
the start of each field, a train of wide, closely spaced, 
vertical-sync pulses occurs in the incoming sync signal. 
An integrator detects their presence and opens a gate, 
allowing the double-frequency pulses to reach the vertical 
sweep generator. The first pulse through the gate triggers 
the vertical sweep. The proper time relationship between 
the horizontal and vertical sweep rates is preserved, and 
interlacing of the two fields is nearly perfect (Fig. 4). 

Vertical sweep voltages are produced by a Miller- 
rundown sweep generator. When no sync signal is pres 
ent, this circuit regenerates itself at a rate lower than 
50 Hz. When a sync signal is present, the circuit becomes 
synchronized with it. This circuit drives the vertical de 
flection coil of the picture tube through a direct-coupled 
feedback amplifier. Feedback voltage is derived from a 
resistor in series with the coil. The regulated power sup 
ply for the sweep generator and amplifier is filtered and 
carefully isolated to keep ripple and crosstalk from de 
grading the interlace accuracy. 

Horizontal  Deflect ion Circuit  
Horizontal sweep voltages are generated by a deflec 

tion circuit which is triggered by the stabilized pulses 
from the phase-locked double-frequency oscillator. The 
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-  .  .  ,  -  . . . .  .  

F ig .  4 .  Un i t y  i n te r lace  fac to r  means  spac ing  
be tween  ad jacen t  ras te r  l i nes  i s  cons tan t .  

oscillator's output is divided by two, shaped, and applied 
to a transistor switch to trigger the deflection circuit. 

To linearize the sweep produced by this circuit, feed 
back has been used. A sampling winding has been wound 
together with the deflection coil on the deflection yoke. 
If the sweep-current change is constant (i.e., the sweep 
velocity is constant) a constant voltage is induced across 
the sampling winding; if the sweep current is not changing 
linearly, the induced voltage is not constant. Comparing 
the voltage induced across the monitoring coil with that 
of a reference voltage produces an error voltage propor 
tional to the departure of the sweep current from its 
proper value. This error voltage furnishes the input to a 
feedback correction amplifier whose output current flows 
into the deflection coil and substantially cancels the non- 
linearities of the current switching system. Exceptional 
current linearity is thus obtained. Deviations from linear 
ity are less than Â±0.02%, the limit of measurement. 

Practically, a small amount of deliberate nonlinearity 
must be introduced into the horizontal deflection current 
to compensate for the curvature of the faceplate of the 
picture tube. For this purpose, a small parabolic voltage 
is added to the input of the correction amplifier. 

The linearity of the sweep currents keeps the geometric 
distortion of the raster below 1.5% overall, and under 
1% in the safe title area (80% of full picture size).4 

Polarizing Fi l ter  Improves Contrast 
To reduce the effects of ambient light on the displayed 

picture, a quarter-wave polarizing filter has been included 
in the safety-glass cover of the monitor's picture tube. 
Without the filter, the principal effect of ambient screen 

Â« Geometr ic  d is tor t ion is  def ined in  IRE Standard 60 IRE 17.  SI  ( IRE Proceedings June 
1960).  ( IRE measurement is  descr ibed in IRE Standard 54 IRE 23.S1 ( IRE Proceedings 
M y  1 9 5 4 ) .  

illumination is to 'fill up' the shadows, or 'flatten' the 
tones in the low-level areas of the picture. In areas where 
the luminance of the picture is below that produced by 
the ambient light alone, the tube appears to be completely 
cut off and no detail can be seen. 

The polarizing filter reduces by more than 90% the 
ambient light reflected by the white fluorescent screen. 
Reproduction of shadow areas with the filter in place is 
astonishing; there is a very evident increase in contrast 
and resolution. 

The safety-glass polarizer is easily removed for clean 
ing the face of the picture tube. 
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Counting CW and Pulsed 
RF Frequencies to 18 GHz 
A  n e w  p l u g - i n  c o n v e r t e r  p l u g - i n  a n d  a  n e w  t r a n s f e r  o s c i l l a t o r  p l u g - i n  p u t  f r e q u e n c i e s  a s  
high article details GHz within the reach of electronic counters. This article gives details of the new 
t r ans fe r  osc i l l a t o r ,  and  t e l l s  how  to  make  CW,  pu l sed  RF ,  and  FM measu remen ts  w i t h  i t .  

I 

By Glenn B. DeBella 

Equipped with either of two new plug-in instruments â€” 
a transfer oscillator or a frequency converter â€” several 
types of HP electronic counters can now measure fre 
quencies as high as 18 GHz. The transfer oscillator op 
erates from 50 MHz to 1 8 GHz, the frequency converter 
from 8 GHz to 18 GHz.1 

The basic principles and relative advantages of the 
converter and transfer-oscillator methods are compared 
on page 1 1 . 

Except for its tuned cavity and mixer, the new fre 
quency converter is iden 
tical to its 3-to-12.4-GHz 
counterpart which was 
described in these pages 
i n  Sep tember  1966 .  -  

Consequently, the new 
conver te r  wi l l  no t  be  
elaborated upon here. Its 
specifications appear on 
page 15. 

The transfer oscillator 
is an entirely new instru 
ment.  Together with a 
counter which will meas 
ure frequencies from dc 
to  a t  leas t  50 MHz,  i t  
forms a dc-to-18-GHz 
digital frequency-measur- 

C9 
Z  

Â§-5- Specification 

Fig .  fo r  .  The  new HP Mode l  5257A Trans fe r  Osc i l l a to r ,  a  p lug- in  fo r  
s e v e r a l  H P  e l e c t r o n i c  c o u n t e r s ,  p h a s e - l o c k s  r e l i a b l y  t o  i n p u t  s i g  

n a l s  a s  s m a l l  a s  -  2 4  d B m  a t  5 0  M H z  a n d  -  8  d B m  a t  1 8  G H z .  

from this substitution. It has greater sensitivity, especially 
at high frequencies, and it has wider bandwidth than com 
parable conventional instruments. What's more, its phase- 
lock loop doesn't need a frequency offset to derive phase 
information. The loop operates with a zero-frequency IF 
Therefore, no offset frequency has to be added to the 
counter reading, and there are no image responses. 

For CW frequency measurements, the transfer oscil 
lator phase-locks a harmonic of its internal variable- 
frequency oscillator (VFO) to the unknown signal. 

Phase locking is used even 
when there is relatively 
high FM on the input sig 
nal. Once the harmonic 
number is  determined 
(see page 13), it can be 
set on front-panel thumb- 
switches and the counter 
will read the unknown fre 
quency directly, to eight 
significant figures. 

The automatic phase 
control (APC) lock range 
for CW signals is approx 
imately Â±0.2% of the 
input signal frequency, 
quite large for this type of 
instrument. Lock range is 

ing system. It can measure pulsed-RF carrier frequencies 
as well as CW frequencies. 

Instead of the harmonic mixer and phase detector of 
the conventional phase-locking transfer oscillator, the 
new plug-in uses a wideband sampler1 â€” a new tech 
nique for transfer oscillators. It gains several advantages 

1 The t ransfer  osc i l la tor  is  Model  5257A.  The f requency conver ter  is  Model  5256A.  The 
counters  are  Models  5245L,  5245M,  5246L,  and 5247M. 

'  John  N.  Dukes ,  'A  P lug- in  Un i t  fo r  Ex tend ing  Coun te r -Type  Frequency  Measurements  
to  12.4  1966.  'Hewlet t -Packard Journa l , '  Vo l .  18,  No.  1 ,  September  1966.  

i  Wayne Other Grove, 'A dc to 12.4 GHz Feedthrough Sampler for Osci l loscopes and Other 
RF Systems, '  'Hewlett-Packard Journal,1 Vol.  18, No. 2,  October 1966. 

defined as the largest unlocked frequency difference be 
tween the input signal and a harmonic of the VFO for 
which the phase-lock loop will remain locked. 

Reliable phase locking is achieved for input signals as 
small as 100 to 140 mV rms (â€”7 to â€”4 dBm into 50 n), 
according to specifications. Typical instruments are much 
more sensitive, especially at low frequencies, where sig 
nals as low as â€”24 dBm can be measured. Fig. 1 shows 
specified and typical signal levels required. 

In pulsed carrier measurements, the transfer oscillator 
is tuned until a harmonic of its VFO frequency zero- 

© Copr. 1949-1998 Hewlett-Packard Co.
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Fig .  ind ica tes  in  t rans fer  osc i l la to r  has  one-knob tun ing .  Meter  ind ica tes  phase er ro r  in  CW 
m e a s u r e m e n t s ,  d e t e c t s  z e r o  b e a t  i n  p u l s e d  R F  m e a s u r e m e n t s .  T h u m b s w i t c h e s  e x t e n d  

c o u n t e r  g a t e  t i m e  b y  h a r m o n i c  n u m b e r  s o  c o u n t e r  r e a d s  u n k n o w n  f r e q u e n c y  d i r e c t l y .  

F ig .  3 .  Phase- lock  loop  in  new t rans fe r  osc i l l a to r  opera tes  
w i t h  z e r o - f r e q u e n c y  I F ,  u s i n g  w i d e b a n d  s a m p l e r  i n s t e a d  
o f  c o n v e n t i o n a l  m i x e r  a n d  p h a s e  d e t e c t o r .  I n h i b i t  c i r c u i t  
p reven ts  fa l se  coun te r  read ings  i n  absence  o f  phase  lock .  

beats with the input signal. The transfer oscillator's front- 
panel meter serves as a zero-beat detector, replacing the 
complex oscilloscope patterns formerly encountered in 
pulsed RF measurements. The instrument gives reliable 
results for pulses as narrow as 0.5 /j.s. The minimum 
pulse repetition rate is 1 0 pulses per second. As with CW 
signals, the counter reads the unknown frequency directly 
once the harmonic number is set. 

Measur ing CW Frequencies 

Measuring the frequency of a CW signal with the new 
transfer oscillator takes five steps. 

Set the frequency range on the RANGE switch (see 
front-panel photograph, Fig. 2); 

Turn the MODE switch to PULSED RF, tune the 
FREQUENCY knob for a maximum reading on the 
meter, and then adjust the LEVEL ADJ knob until 
the meter reads 0.9; 

Turn the MODE switch to APC and tune the FRE 
QUENCY dial until the counter reads something other 
than all zeros and the meter reads mid-scale; 

â€¢ Determine the harmonic number; 

" Set the harmonic number on the thumbswitches and 
read the frequency on the counter. 

What happens in each of these steps can be seen in the 
block diagram. Fig. 3. The RANGE switch optimizes the 
phase-lock-loop compensation for each frequency range. 

10 
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Frequency Converter, Transfer Oscillator, or Both? 

T w o  w i d e l y  u s e d  d e v i c e s  f o r  e x t e n d i n g  t h e  u p p e r  f r e  
q u e n c y  l i m i t s  o f  e l e c t r o n i c  c o u n t e r s  a r e  t h e  h e t e r o d y n e  
f r e q u e n c y  c o n v e r t e r  a n d  t h e  t r a n s f e r  o s c i l l a t o r .  E a c h  h a s  
i ts  advantages.  

Frequency Converter 
T h e  f r e q u e n c y  c o n v e r t e r  t r a n s l a t e s  a n  u n k n o w n  h i g h -  

f r e q u e n c y  s i g n a l  d o w n w a r d  i n  f r e q u e n c y  b y  m i x i n g  i t  w i t h  
a  p r e c i s e l y  k n o w n  s i g n a l  o f  s l i g h t l y  d i f f e r e n t  f r e q u e n c y .  
T h e  r e s u l t i n g  d i f f e r e n c e - f r e q u e n c y  s i g n a l  i s  c o u n t e d  b y  
t h e  e l e c t r o n i c  c o u n t e r .  T h e n ,  i f  t h e  k n o w n  s i g n a i  i s  l o w e r  
i n  f r e q u e n c y  t h a n  t h e  u n k n o w n ,  t h e  c o u n t e r  r e a d i n g  i s  
s i m p l y  a d d e d  t o  t h e  k n o w n  f r e q u e n c y  t o  f i n d  t h e  u n k n o w n .  
I f  t h e  k n o w n  f r e q u e n c y  i s  h i g h e r  t h a n  t h e  u n k n o w n ,  t h e  
c o u n t e r  r e a d i n g  i s  s u b t r a c t e d  f r o m  t h e  k n o w n  f r e q u e n c y .  

I n  s e v e r a l  H P  c o n v e r t e r s ,  p r e c i s e l y  k n o w n  f r e q u e n c i e s  
t o  b e  m i x e d  w i t h  t h e  u n k n o w n  a r e  p r o d u c e d  b y  a p p l y i n g  
t h e  o u t p u t  o f  a  q u a r t z - o s c i l l a t o r  f r e q u e n c y  s t a n d a r d  t o  a  
h a r m o n i c  g e n e r a t o r .  A  c a l i b r a t e d  t u n e d  c a v i t y  i s  u s e d  t o  
s e l e c t  t h e  h a r m o n i c  n e a r e s t  i n  f r e q u e n c y  t o  t h e  u n k n o w n .  

Transfer Oscillator 
L i k e  f r e q u e n c y  c o n v e r t e r s ,  t r a n s f e r  o s c i l l a t o r s  a l s o  m i x  

t h e  u n k n o w n  s i g n a l  w i t h  a  h a r m o n i c  o f  a n  i n t e r n a l l y  g e n  
e ra ted  s i gna l .  Howeve r ,  t he  i n t e rna l  s i gna l  i s  de r i ved  f r om  
a  v a r i a b l e - f r e q u e n c y  o s c i l l a t o r  r a t h e r  t h a n  f r o m  a  f r e  
q u e n c y  s t a n d a r d ,  a n d  t h e  e l e c t r o n i c  c o u n t e r  m e a s u r e s  
t h e  f r e q u e n c y  o f  t h e  V F O  s i g n a l .  T h e  V F O  i s  t u n e d  u n t i l  
a  z e r o  b e a t  o c c u r s  i n  t h e  m i x e r  o u t p u t .  T h e n  a n  a p p r o p r i  
a t e  t e c h n i q u e  ( s e e  p a g e  1 3 )  i s  u s e d  t o  d e t e r m i n e  w h i c h  
h a r m o n i c  g a v e  t h e  z e r o  b e a t .  T h e  c o u n t e r  r e a d i n g  m u l t i  
p l i e d  b y  t h e  h a r m o n i c  n u m b e r  g i v e s  t h e  u n k n o w n  
f r e q u e n c y .  

I f  t he  t r ans fe r  osc i l l a t o r  p rov ides  a  means  f o r  ex tend ing  
t h e  c o u n t e r ' s  g a t e  t i m e  b y  t h e  h a r m o n i c  n u m b e r ,  t h e  
c o u n t e r  c a n  r e a d  t h e  u n k n o w n  f r e q u e n c y  d i r e c t l y .  S o m e  
t r a n s f e r  o s c i l l a t o r s  a l s o  h a v e  a  p h a s e - l o c k  l o o p  t o  m a i n  
ta in  the  zero  bea t  even  i f  the re  i s  re la t i ve ly  la rge  f requency  

modu la t i on  on  the  unknown.  (The  new HP Mode l  5257A has  
b o t h  a  p h a s e - l o c k  l o o p  a n d  g a t e - t i m e  e x t e n s i o n  c i r c u i t s . )  

Techniques Compared 
Trans fe r  osc i l l a to r s  have  the  advan tage  o f :  
*â€¢  D i rec t  r eadou t  o f  t he  unknown  f requency  on  the  coun  

t e r  ( i f  t h e  t r a n s f e r  o s c i l l a t o r  h a s  g a t e - t i m e  e x t e n s i o n  
c i r cu i t s ) ;  

â € ¢  A b i l i t y  t o  m e a s u r e  t h e  c a r r i e r  f r e q u e n c y  o f  a  p u l s e d  
RF s ignal ;  

V e r y  w i d e  b a n d w i d t h  
( F o r  e x a m p l e ,  t h e  n e w  H P  5 2 5 7 A  T r a n s f e r  O s c i l l a t o r  
o p e r a t e s  f r o m  5 0  M H z  t o  1 8  G H z ,  w h e r e a s  t h e  n e w  H P  
5 2 5 6 A  F r e q u e n c y  C o n v e r t e r  o p e r a t e s  f r o m  8  G H z  t o  
18 GHz.) 

F requency  conve r t e r s  have  t he  advan tages  o f :  
1  Fas te r  and  eas i e r  ope ra t i on ,  a t  l eas t  when  t he  unknown  

f r e q u e n c y  i s  c o m p l e t e l y  u n k n o w n ,  s o  t h a t  t h e  t r a n s f e r -  
o s c i l l a t o r  h a r m o n i c  n u m b e r  w o u l d  h a v e  t o  b e  
d e t e r m i n e d .  

Be t t e r  r eso lu t i on  
( T h e  n e w  H P  5 2 5 6 A  F r e q u e n c y  C o n v e r t e r  g i v e s  1 - H z  
r e s o l u t i o n .  F o r  e x a m p l e ,  i n  m e a s u r i n g  1 5 . 4 8 2 9 7 3 5 8 1  
G H z ,  t h e  c o n v e r t e r ' s  d i a l  w i l l  r e a d  1 5 . 4  G H z  a n d  t h e  
c o u n t e r  w i l l  r e a d  8 2 9 7 3 . 5 8 1  k H z .  T h e  n e w  H P  5 2 5 7 A  
T r a n s f e r  O s c i l l a t o r ,  m e a s u r i n g  t h e  s a m e  f r e q u e n c y ,  
w o u l d  p r o d u c e  a  c o u n t e r  r e a d i n g  o f  1 5 . 4 8 2 9 7 3  G H z ,  
g iv ing a  reso lu t ion o f  1  kHz. )  

B o t h  t h e  t r a n s f e r  o s c i l l a t o r  a n d  t h e  f r e q u e n c y  c o n v e r t e r  
w i l l  h a n d l e  s i g n a l s  w i t h  h i g h  F M .  T h e  t w o  i n s t r u m e n t s  a r e  
comparab le  i n  p r i ce .  

Basic  f requency conver ter  Basic  t ransfer  osc i l la tor  

11 © Copr. 1949-1998 Hewlett-Packard Co.



4 - 1 8  G H z  R A N G E  -  f ,  =  1 8  G H z  

J  1 0  - 1  - 4  G H z  R A N G E  - f ,  = 4  G H z  

. 2  -  1  G H z  R A N G E  -  f ,  =  1  G H z  

. 0 5  -  . 2  G H z  R A N G E  -  f ,  =  2 0 0  M H z  

, 0 5  -  . 2  G H z  R A N G E  -  f ,  =  5 0  M H z  

10 
M O D U L A T I N G  F R E Q U E N C Y  ( k H z )  

Fig.  f requency deviat ions loop remains locked to FM signals having peak f requency deviat ions 
and  modu la t i on  f r equenc ies  i nd i ca ted .  Fo r  examp le ,  i f  i npu t  s i gna l  has  ca r r i e r  f r equency  
f ,  =  1 8  p e a k  l o o p  w i l l  r e m a i n  l o c k e d  f o r  s i n u s o i d a l  F M  o f  f r e q u e n c y  2 0  k H z  a n d  p e a k  
dev ia t i on  1  MHz .  I f  modu la t i ng  f requency  i s  on l y  300  Hz ,  peak  dev ia t i on  can  be  30  MHz .  

The LEVEL ADJ control varies the gain of an amplifier 
to compensate for differences in signal levels. 

The wideband sampler serves as a mixer and phase 
detector. In the three highest RANGE positions, 0.2 to 
1 8 GHz, input signals are sampled at the VFO frequency, 
fv. In the 0.05-to-0.2-GHz RANGE position, the sam 
pling frequency is fv/4. 

In the APC mode, the phase-lock loop is closed so that 
a harmonic of the sampling frequency can be phase- 
locked to the input signal. Phase lock is indicated in two 
ways. In the absence of phase lock, the counter reads all 
zeros and the meter remains stationary at mid-scale as 
the VFO frequency is changed. When phase lock is 
achieved, a counter reading is present and the meter de 
flects to the left or right of mid-scale as the VFO fre 
quency is changed. Under phase-locked conditions, the 
sampler output is a dc voltage proportional to the loop 
phase error. Thus the meter indicates phase error with 
mid-scale corresponding to zero error. Therefore, once 
phase lock has been established, the VFO should be 
tuned for mid-scale meter deflection. 

To keep the counter from giving readings in the ab 
sence of phase lock, a low-level 1-kHz signal is injected 
into the phase-lock loop. Its absence in the sampler out 
put indicates the absence of phase lock, and an inhibit 
circuit turns off the signal going to the counter. 

For input signals having sinusoidal FM, the maximum 
peak deviations at various modulation rates for which 
phase lock can be achieved arc shown in Fig. 4. At high 

F i g .  5 .  T o p :  a  p u l s e d  F t F  s i g n a l .  M i d d l e :  i t s  f r e q u e n c y  
s p e c t r u m .  B o t t o m :  s p e c t r u m  o f  s a m p l e r  o u t p u t  w h e n  
pu l sed  F IF  s i gna l  i s  samp led  by  an  i n f i n i t e  impu l se  t r a i n .  
Ca r r i e r  f r equency  o f  pu l sed  RF  s i gna l  i s  measu red  by  ob  
s e r v i n g  s p e c t r u m  c e n t e r e d  a t  f  s r  O  a n d  t u n i n g  t r a n s f e r  
osc i l la to r  fo r  zero  beat .  

12 © Copr. 1949-1998 Hewlett-Packard Co.



input frequencies and low modulation rates, the loop 
will lock to FM signals having peak deviations in the 
tens of megahertz. 

To obtain the resolution needed for tuning the VFO, 
a high-reduction gear train was designed. The gear train 
has two concentric controls â€” coarse and vernier â€” and 
a concentric dial which indicates VFO FREQUENCY. 
When the vernier input is used, the reduction ratio is 
636:1. For coarse tuning, the reduction ratio is 63.6:1. 
Spring-loaded anti-backlash gears are used. The VFO 
frequency setting can be repeated reliably within M>o de 
gree at the vernier input shaft; this corresponds to a few 
parts in 10T in frequency. 

Determining Harmonic Number 

The technique used for determining harmonic number 
is essentially the same for either pulsed RF signals or 
CW signals. If the input carrier frequency is known to 
within the sampling frequency (16.7 to 33.3 MHz in 
0.05-0.2 GHz range, 66.7 to 133.3 MHz in 0.2-18 GHz 
ranges) the harmonic number can be estimated quite sim 
ply, as follows. 

Tune the VFO until either phase-lock or zero beat is 
obtained, depending on the type of input signal. With 
the harmonic-number thumbswitches set to 001, read 
the sampling frequency fs on the counter. The estimated 
harmonic number is 

n  =  r  ( 1 )  
where fx is the approximate input carrier frequency. Now 
set the estimated harmonic number on the thumbswitches 
and vary it plus and minus one digit. When the input 
carrier frequency is known to within the sampling fre 
quency, one of the three counter readings resulting from 
this operation will obviously be correct. 

For cases where the input signal frequency is totally 
unknown, record the sampling frequency under zero beat 
or phase-locked conditions. Then either increase or de 
crease the VFO frequency to zero beat or phase lock on 
an adjacent harmonic. Again record the sampling fre 
quency. The harmonic number is given by 

f., 
(2) r r â € ”  

I 1 " !  

where f?l is the sampling frequency corresponding to the 
first zero beat or phase lock and fs, is the second sampling 
frequency observed. The harmonic number calculated by 
equation 2 corresponds to the second oscillator setting. 
Thus setting the thumbswitches to n results in a direct 
counter reading of the input carrier frequency. 

(b) 

,cÂ« 

(d 

F i g .  6 .  T y p i c a l  w a v e f o r m s  a t  s a m p l e r  o u t p u t  w h i l e  
t u n i n g  f o r  z e r o  b e a t  ( o s c i l l o s c o p e  n o t  s y n c h r o n i z e d  
t o  RF  ca r r i e r ) .  S tab i l i t y  o f  VFO o f  new  t r ans fe r  osc i l  
l a t o r  i s  h i g h  e n o u g h  t o  p e r m i t  t u n i n g  w i t h i n  1 / 1 0 0  
cyc le  pe r  pu l se  w id th  o f  ze ro  bea t ,  i . e .  w i th in  (100  x  
pu lse  w id th  y  Hz .  See  F ig .  7 .  
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It is quite simple to check the harmonic number set on 
the thumbswitches. Observe the counter reading and then 
either increase or decrease the VFO frequency to an ad 
jacent zero beat or phase lock. Decrease or increase the 
harmonic-number thumbswitch setting by one unit ac 
cordingly and the counter reading should be the same as 
the first reading. This check is absolute proof of correct 
harmonic-number determination. 

The harmonic-number thumbswitches control circuits 
which digitally extend the counter time base, thereby 

F i g .  7 .  A p p r o x i m a t e  e r r o r  i n  m e a s u r e m e n t s  o f  p u l s e d  R F  
c a r r i e r  f r e q u e n c i e s  w i t h  t r a n s f e r  o s c i l l a t o r .  E s t i m a t e d  
e r r o r  i s  b a s e d  o n  t u n i n g  w i t h i n  1 / 1 0 0  c y c l e  p e r  p u l s e  
w i d t h  o f  z e r o  b e a t .  C u r v e  i s  a  p l o t  o f  ( 1 0 0  x  p u l s e  

w id th )  '  ve rsus  pu lse  w id th .  

F i g .  8 .  F r e q u e n c y  s p e c t r a l  d e n s i t y  o f  V F O  o f  M o d e l  
5 2 5 7 A  T r a n s f e r  O s c i l l a t o r .  S h o r t - t e r m  r m s  f r e q u e n c y  

f luc tua t ions  a re  on ly  abou t  1  par t  in  10 ' .  

multiplying the sampling frequency by the harmonic 
number, and giving a direct counter reading of the un 
known carrier frequency. 

Pulsed RF Signals 

To measure the carrier frequency of a pulsed R F sig 
nal, the front-panel MODE switch should be turned to 
PULSED RF In this mode, the sampler is used for 
down-converting the input signal. 

Fig. 5 shows a pulsed RF signal, its frequency spec 
trum, and the spectrum of the sampler output signal 
assuming the sampling is done with an infinite impulse 
train. In the spectrum of the sampled signal, the line 
spectrum of the pulsed RF signal is faithfully reproduced 
at every harmonic of the sampling frequency fs, including 
the harmonic centered at dc (see references 1, 2, and 3). 

For measuring the carrier frequency fv, the time wave 
form corresponding to the spectrum centered at f s; O 
is recovered by low-pass filtering. Fig. 6(a) shows a typi 
cal down-converted pulse, with the sampling frequency 
fs slightly different from fx/n. As fs gets closer to fx/n, 
the waveform changes to that of Figs. 6(b), 6(c), and 6(d). 

Zero beat (fs = fx/n) can be determined accurately by 
tuning the front-panel meter for a maximum reading. As 
Fig. 3 shows, the amplified down-converted pulses are 
applied to a peak-holding circuit whose output is dis 
played on the meter. This circuit has a maximum output 
under zero-beat conditions. 

Generally, zero beats can be determined within 1/100 
of a cycle per pulse width, which corresponds to Fig. 6(d). 
Hence the approximate frequency-measurement error is 
about one cycle per 100 pulse widths. 

Error as a function of pulse width is plotted in Fig. 7. 
For a 1-/J.S pulse width, for example, carrier frequencies 
can be determined within Â±10 kHz or one cycle per 
100 ,is. With a 1-jus pulse width, a 10-GHz carrier can 
be measured accurately within one part in 10r>. 

FM Measurements  

Frequency modulation on RF carriers can be meas 
ured by using the transfer-oscillator's sampler to down- 
convert the input signal and an FM discriminator to 
recover the modulating signal. In this case, the VFO of 
the transfer oscillator is adjusted for a difference fre 
quency fx â€” nff of about 1 MHz (fx is the carrier fre 
quency). Maximum limitations on frequency deviation 
and modulation rate are functions of the difference fre 
quency selected, as explained in reference 4. When these 
limitations are not exceeded, the input FM signal is re 
produced at the down-converted carrier frequency. The 
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modulation can be recovered by connecting an FM dis 
criminator such as the HP 5210A to the transfer oscilla 
tor's PULSED RF OUT BNC connector. The discrimi 
nator can be followed by a wave analyzer for spectral 
analysis. 

The minimum peak deviation that can be measured by 
this method is governed by internal VFO noise. The 
VFO used in the new transfer oscillator has rms fre 
quency fluctuations of 5 to 20 Hz, measured with an in 
strument having a 20-kHz bandwidth; this corresponds 
to short-term frequency stability within about one part 
in 107. 

The VFO's mean-square frequency deviations are dis 
tributed in frequency as shown by its spectral density S(f), 
Fig. 8. As a result of these deviations, the signal appear 
ing at the PULSED RF OUT terminal is frequency mod 
ulated. At a given modulation rate f, the rms frequency 
deviation of this signal is 

Afrms(f) = n[Beq S(f)]1^ 

where B,., is the equivalent noise power bandwidth of the 
measuring instrument (e.g. a wave analyzer) and n is har 
monic number. In deriving this equation, it was assumed 
that B^, is very nsrt-â„¢,. :c ^-^ 5^ ;s approximately con 
stant over the measurement bandwidth. 
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S P E C I F I C A T I O N S  
H P  M o d e l  5 2 5 7 A  

Transfer  Osci l la tor  
FREQUENCY RANGE:  50  MHz  to  18  GHz .  
I N P U T  S I G N A L  C A P A B I L I T Y :  

CW Signals .  
Pulsed RF signals.  
S i g n a l s  w i t h  h i g h  F M  c o n t e n t .  

CW MEASUREMENT ACCURACY:  Reta ins  counter  accuracy .  
I N P U T  S E N S I T I V I T Y :  

1 0 0  m V  r m s  ( - 7  d B m )  f o r  i n p u t  f r e q u e n c i e s  o f  5 0  M H z  
to 15 GHz.  

1 4 0  m V  r m s  ( - 4  d B m )  f o r  i n p u t  f r e q u e n c i e s  o f  1 5  t o  
16  GHz  and  VFO FREQUENCY of  125-133  3  MHz .  

INPUT IMPEDANCE: 50 ' . . '  nominal  
MAXIMUM INPUT:  +  10  dBm for  CW s igna ls .  

2 volts p-p for pulsed RF signals.  
APC LOCK RANGE: Approximately :Â±0.2% of input frequency 
METER: 

conditions 
PULSED RF  MODE:  Zero  bea t  ind ica tor .  

PULSED RF  OUT:  For  ex te rna l  osc i l loscope .  0 .5  vo l t  p -p .  
P U L S E D  C A R R I E R  F R E Q U E N C Y  M E A S U R E M E N T S :  

M I N I M U M  P U L S E  W I D T H :  0 . 5  p s .  
M I N I M U M  R E P E T I T I O N  R A T E :  1 0  p u l s e s  p e r  s e c o n d .  
A C C U R A C Y :  M e a s u r e m e n t s  a r e  a c c u r a t e  w i t h i n  a b o u t  

^0 .01  cyc le  per  pu lse  w id th  (e r ror  ^20  kHz  or  l ess ) .  
VFO: 

FREQUENCY RANGE:  66  7  to  133 .3  MHz  
D R I F T :  ( W i t h  c o n s t a n t  t e m p e r a t u r e  i n  o p e r a t i o n a l  r a n g e  

o f  0 *  t o  5 5 C C )  t y p i c a l l y  r  2  p a r t s  i n  1 0 *  p e r  m i n u t e  i m  
m e d i a t e l y  a f t e r  t u r n  o n .  T y p i c a l l y  r  1  p a r t  i n  1 0 '  p e r  
minute after 2 hours of operation 

T E M P E R A T U R E  V A R I A T I O N :  T y p i c a l l y  1  p a r t  i n  1 0 -  p e r  
degree  C .  

I N P U T  C O N N E C T O R :  P r e c i s i o n  T y p e  N  l e m a l e .  P r e c i s i o n  
Type APC-7 opt ional .  

PRICE: Â«1850.00. 

HP Mode l  52S6A 
Frequency  Conver ter  

R A N G E :  A s  a  c o n v e r t e r  f o r  H P  5 0  M H z  p l u g - i n  e l e c t r o n i c  
c o u n t e r s .  8  t o  1 8  G H z  u s i n g  m i x i n g  f r e q u e n c i e s  o l  8  f o  
18 GHz in 200 MHz steps.  As a prescaler .  1  MHz to 200 MHz.  

ACCURACY: Retains counter  accuracy.  
I N P U T  S E N S I T I V I T Y :  1 0 0  m V  r m s  ( - 7  d B m )  a s  a  c o n v e r t e r .  

5  m V  r  

INPUT IMPEDANCE: 50 ' . ' .  nominal.  
M A X I M U M  I N P U T :  +  1 0  d B m ;  0  d B m  o n  A U X  I N .  
LEVEL INDICATOR:  Meter  a ids  f requency se lect ion;  Indicates  

usable signal level.  
A U X I L I A R Y  O U T P U T :  1  M H z  t o  2 0 0  M H z  d i f f e r e n c e  s i g n a l  

R E G I S T R A T I O N :  C o u n t e r  d i s p l a y  i n  M H z  i s  a d d e d  t o  c o n  
verter dial  reading. 

I N S T A L L A T I O N :  P l u g s  i n t o  f r o n t  p a n e l  p l u g - i n  c o m p a r t m e n t  
o f  H P  5 0  M H z  p l u g - i n  e l e c t r o n i c  c o u n t e r .  

INPUT CONNECTOR:  Prec is ion Type APC-7  connector .  
WEIGHT: Net ,  8V1 Ibs.  (3 .8  kg) .  Shipping.  12 Ibs.  (5 ,5  kg) .  
PRICE:  (1750 .00 .  
*  W h e n  u s e d  w i t h  H e w l e t t - P a c k a r d  E l e c t r o n i c  C o u n t e r s :  
M o d e l  5 2 4 5 L  s e r i a l  p r e f i x e d  4 0 2  a n d  a b o v e .  M o d e l  5 2 4 6 L .  
M o d e l  5 2 4 5 M ,  a n d  M o d e l  5 2 4 7 M .  
M A N U F A C T U R I N G  D I V I S I O N :  H P  F R E Q U E N C Y  a n d  T I M E  

D I V I S I O N  
1501  Page  M i l l  Road  
Pa lo  A l t o ,  Ca l i f o rn i a  94304  
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Atomic Second Adopted by International Conference 

T h e  ' a t o m i c  s e c o n d '  w a s  p e r m a n e n t l y  a d o p t e d  r e c e n t l y  
a s  t h e  I n t e r n a t i o n a l  U n i t  o f  t i m e  b y  t h e  1 3 t h  G e n e r a l  
C o n f e r e n c e  o n  W e i g h t s  a n d  M e a s u r e s  a t  i t s  m e e t i n g  i n  
P a r i s .  T h i s  t i m e  u n i t  h a d  b e e n  a d o p t e d  o n  a  t e n t a t i v e  
b a s i s  i n  1 9 6 4  b u t  o n  O c t o b e r  1 3 ,  1 9 6 7  w a s  p e r m a n e n t l y  
a d o p t e d  a s  o n e  o f  t h e  I n t e r n a t i o n a l  S y s t e m  u n i t s .  

t h e  a t o m i c  s e c o n d  i s  d e f i n e d  a s  t h e  d u r a t i o n  o f  
9 , 1 9 2 , 6 3 1 , 7 7 0  p e r i o d s  o f  t h e  r a d i a t i o n  c o r r e s p o n d i n g  t o  
t h e  t r a n s i t i o n  b e t w e e n  t w o  s p e c i f i c  h y p e r f i n e  l e v e l s  o f  
t h e  f u n d a m e n t a l  s t a t e  o f  t h e  a t o m  o f  c e s i u m  1 3 3 .  T h e  
C o n f e r e n c e  a b r o g a t e d  e x i s t i n g  d e f i n i t i o n s  w h i c h  b a s e d  
t h e  I n t e r n a t i o n a l  U n i t  s e c o n d  o n  t h e  e a r t h ' s  m o t i o n .  

T h e  n e w  s e c o n d  i s ,  h o w e v e r ,  c h o s e n  t o  b e  i d e n t i c a l  
w i t h  t h e  ' e p h e m e r i s  s e c o n d '  w h i c h  i s  i m p o r t a n t  t o  a s  
t r o n o m e r s .  H e n c e ,  n o  c h a n g e s  n e e d  b e  m a d e  i n  d a t a  
g i v e n  i n  u n i t s  o f  t h e  o l d  s t a n d a r d .  T h e  m a j o r  a d v a n t a g e  
o f  t h e  n e w  s t a n d a r d  s e c o n d  i s  t h a t  i t  i s  a c c u r a t e l y  a n d  
i m m e d i a t e l y  o b t a i n a b l e  f r o m  c o m m e r c i a l l y  a v a i l a b l e  c e  
s i u m  a t o m i c  s t a n d a r d s .  B y  c o n t r a s t ,  s e v e r a l  y e a r s  a r e  

r e q u i r e d  t o  e s t a b l i s h  t h e  e p h e m e r i s  s e c o n d .  
T h e  C o n f e r e n c e ,  i n  o t h e r  a c t i o n s ,  d r o p p e d  t h e  n a m e  

'm ic ron '  and  i t s  symbo l  V , '  r es t r i c t i ng  'Â ¡ i  t o  mean  'm ic ro '  
( 1 0 " ' ) .  T h e  f o r m e r  l i n e a r  m e a s u r e  m i c r o n  i s  n o w  t o  b e  
known as  /Â ¡m (m ic romete r ) .  The  un i t  o f  t empera tu re  and  
t e m p e r a t u r e  i n t e r v a l  w a s  c h a n g e d  f r o m  ' d e g r e e s  K e l v i n '  
to  s imp ly  'Ke lv in '  ( symbo l :  K ) .  

T h e  C o n f e r e n c e  a l s o  a d d e d  t h e s e  t o  t h e  d e r i v e d  u n i t s  
o f  t he  In te rna t iona l  Sys tem o f  Un i t s * :  

*  S e e  " I n t e r n a t i o n a l  S y s t e m  o f  U n i t s , "  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 5 ,  N o .  7 ,  M a r c h ,  1 9 6 4 ,  r e p r i n t e d  a l s o  i n  V o l .  1 8 ,  N o .  1 0 ,  J u n e ,  1 9 6 7 .  
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