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Highly aoo-te second. pubes a& W d c a s t  continuously from radio 
s t a t i o n  VVB on eaoh of  t h e  carrier frequencies along with other  technical  
services. These pulses a r e  so synchronized with the  basic t i m e  deter- 
minations of the U.S. naval Observatory as to cons t i tu te  a l a o  an accurate 
time signal. The pulse f o r  t he  59th second of each minute i s  omitted ard 
the  pulses a l so  a r e  s y n c h r o n i d  with the  l-minute breaks i n  tone modulatfon 
each 5 minutes to f a c i l i t a t e  t h e i r  use a s  time sipnals. Seconds in te rva l s  
a r e  accurate to 1 p a r t  i n  1 mil l ion ( 1  microsecond); i n t e r v a l s  of 1 minute 
and greater  a s  well a s  the  audio and radio frequencies a s  transmitted are 
accurate t o  1 p a r t  i n  50 million. 

These seconds pulses consis t  of 5 cycles of a 1000-cycle per second 
frequency a s  shorn i n  Fig. 3. This waveform vas chosen to obtain a sharp 
pulse consistent  with r-f band width assignments and of low interference to 
the  standard audio frequencies and one ea s i l y  passed by the  amplifiers of 
ordinary redio receivers.  The pulses a r e  obtained by use of a balanced 
modulator and mechanical eate. Frequencies of 1000 c/s and 100 c/s, ob- 
tained by frequency d iv iders  from the 100 kc/s primary frequency standard, 
a r e  f i l t e r e d  and supplied to the  balanced diode modulator a s  shown i n  
Fig. 1. The modulator i s  operated i n  a manner to suppress a l l  output com- 
ponents except the  1000 c/s and generates a continuous wave t r a i n  a s  shown 
i n  Fig. 2. The four diodes conduct during the  posi t ive  ha l f  of  the  100- 
cvcle wave and a r e  biased beyond cut-off during t he  negative half cycle. 
The 100-cycle and lnQO-cycle frequencies a r e  i n  phase a s  conducted through 
the diodes a t  the  beginning of the  pulse. This i s  brought about by means 
of t h e  phase adjuster  control  R1 i n  the  100-cycle input c i rcu i t .  I n  order 
t o  prevent cl ipping of the  l a s t  negative half-cycle of the pulses t he  100- 
cycle voltage must be a t  l e a s t  10 times t he  amplitude of t he  1000-cycle 

. voltage i n  the  bridge arms. 
' 

Wlission e f f ec t s  and contact po ten t ia l  i n  the  diodes causes them to 
conduct f o r  s l i gh t ly  greater  than one-half cycle of the 100-cycle fro- 
quency. By means of the  s e r i e s  r e s i s t o r  R2, tho conducting angle can be 
adjusted t o  180 degrees t o  pive exactly f i v e  cycles of 1000-cycle voltape 
a s  shown i n  Fig. 2. A small 100- c l e  t rans ien t  i s  eliminated by placing 
some of t h i s  res is tance (2000 ohms 7 i n  the  other  s ide  of the  100-cycle 
supply t o  the bridge thus cancell ing s t r ay  e l ec t ro s t a t i c  unbalance of the 
c i r cu i t .  

For proper operation the  ~ o d u l a t i o n  hridge is used a t  hiph impedance. 
Also, t o  reduce the pulse d i s to r t i on  and t o  preserve wave symmetry push- 
p u l l  operation i s  des i rab le  i n  a l l  sssociated c i r cu i t s .  I n  addit ion,  in- 
verse feedback i s  employed i n  the  mixer amplifiers a s  well a s  over the  
en t i r e  audio channels of the transmitters.  
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