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SECTION I 

GENERAL INFORMATION 

1 - 2  This manual has been designed and written to pro- 
vide the owner of t h e  Model 60-DC WWVB Synchronized Clock 
with a l l  the data and information needed to operate and 
u t i l i z e  a l l  its features. 

1 - 3  The information included in t h i s  manual is as com- 
p l e t e  as possible and includes normal maintenance and ad- 
justment data that may be required to facilitate f i e l d  
repair of the  unit. 

1-4 The Model 60-DC has been designed KO receive the 
National Bureau of Standards r a d i o  stazion WWVB, transmitting 
on GOkHz, decode the time information and display time of 
year on a f r o n t  panel d i s p l a y .  Also available are outputs 
f o r  supplying the  time information ta other equipment. The 
Synchronized Clock in its standard configuration provides a 
f ron t  panel display of days, hours, minutes, and seconds 
with five r ea r  panel BNC connectors with I R I G  B ,  lHz, 1 kHz, 
Precision 60 Hz, and Slow Code locked to the display. The 
electrically outputted time (and options if ordered),  may be 
in e i t h e r  Universal Coordinated Time (UTC),  more commonly 
referred to as Greenwich Mean Time (GMT), or in local  t i m e .  
This is done through the proper time zone o f f s e t  selected by 
the rear panel thumbwheel switches. The Model 60-DC is 
shipped to display the time of year in t he  twenty-four hour 
format.  By simply removing the cover and switching the 
p o s i t i o n  of the small switch 011 the microprocessor circuit 
board, the unit can be converted to display and output time 
in the more conventional twelve hour format. 

1-5 This instrument has been designed to be completely 
automatic, only requiring antenna installation and connect- 
ion of the unit to the power source. Once the instrument 
is turned on, the microprocessor will lock to the signal 
f r o m  W B ,  decode and di sp lay  the time. From t h a t  po in t  on, 
the unit will require no further attention and will provide 
time to an accuracy of + . 5 m s ,  continually updated by and 
phase locked to the ~atyonal Bureau of Standards, In the 
event of l o s s  of signal, the unit will continue operation 
on i t s  internal c r y s t a l  time base. If power should f a i l ,  
upon restoration, the u n i t  will again read the time signals 
and start displaying  t h e  time as transmitted by WWVB. 



1-6  The Synchronized Clock is guaranteed to operate at 
any location within 2800 air miles of the transmitter in 
Boulder ,  Colorado. The unit can also be expected to operate 
p r o p e r l y  at any location within the  Continental United 
Sta tes  and other areas over 1800 miles from t h e  transmitter 
where WWVB's time code can be received. Our experience in- 
d i c a t e s  tha t  the receiver will opera t e  s a t i s f a c t o r i - l y  down 
to s igna l  strengths of 20uv/rn, when there is no t  an other- 
w i s e  overr id ing  R . F .  signal. 

WARRANTY 

TRUE TIi'dE warran 6s each instrzunent it 
manufacti'ues to be free from defec t s  in 
material and wrkmansizip for a period of 
one year from the dute  of deZCuery t o  the 
originul pw*oht~ser. Under this m l r u ~ t t y  
any inshrwn~nt which is ~*ah i rned  to us 
( f ~ e i g h t  pre-paid)  and is found by us to 
be defective .in materia2 or workmavlship wi 2 2  
be repaired  or r e p k c e d  (at our option) at 
no charge t o  the customer and re6urned 
f r e i g h t  pre- paid .  

Our obligation m&r this warranty -is 
l im i t ed  to servicing or adjustment of any 
instmrment returned. Items not covered by 
th i s  warran ty  are: fusgs, batteries,  and 
any i t t m i n a t e d  parts or h a y e  caused by 
accident o r  physicai! destruction of the 
ins  trmment . 

~ h C s  m r a n t y  <s q r e s s Z y  in Zieu of 
a22 other o b t i g a t i m s  or ItabiZtties on tk 
part of TRUE T m E .  TRUE TIME neither asswnes 
nor authorizes any other person to asswne for 
them rmy other  Z i a b i Z i t y  in connection d t h  
azul sales. 



1-8 SPECIFICATIONS 

RECEIVER 60kHz - National Bureau of Standards 
FREQUENCY: Sta r ion  W B .  

SENSITIVITY: 0 . 5 ~ ~ .  

BANDWIDTH : Effective Signa l  Bandwidth, code recovery- 
no interference between successive code 
bits. 

Effective Noise Bandwidth, code recovery- 
less than +2 - Hz. 

Effective Signal Bandwidth, 1 Hz sync.-+lkHz. - 

Effective Noise Bandwidth, I Hz sync.- +2Hz. - 
TDmGACCURKY: 1)+0.5ms. - of N . B . S .  transmitted time, exclud- 

i n g  propagation delay. 
2)The Lime difference between neighboring 
clocks is considerably improved over UTC 
timing accuracy. Consu l t  the factory for 
s p e c i f i c a t i o n  and conditions. 

TIME BASE Better than 5OVs when phase locked t o  WWVB. 
STABILITY: Other times crystal controlled to +6 - X 10-6. 

DISPLAY: 4" high planar  discharge. Displays hours ,  
minutes and seconds. Day-of-Year, optional. 

DISPLAY AEURACY: 5Oms see. ear ly .  Whenever colons a re  not 
f lashing,  d i s p l a y  may be from 1OOms s e c .  
to Oms sec.  early. 

NOMINAL TURN-ON Five minutes f r o m  power on and signal re- 
TIME : cep t ion  w i t h  90% confidence under average 

signal conditions. 

1Hz : Rising edge on t i m e ,  drives ten TTL loads 
or CMOS. High lo%, Low 90%.  See Section 
3-19.  

IkHz ; Rising edge on t i m e ,  d r ives  t w o  TTL loads 
or CMOS. High lo%, Low 90%. See Section 
3-21 .  



REMOTE DISPLAY 
D R I V I N G  ( I R I G  3 ) :  I R E  B T i m e  Code is provided on a rear 

panel BNC connector. Standard I R I G  B Time  
Code is an amplitude modulated lkHz 
carrier. This output can a l s o  be e a s i l y  
field converted to TTL cornpatable D . C .  
level shift time code. See Sec t ion  3-23. 

SLOW CODE: 

60 HZ: 

BNC output of 1 pulse p e r  minute (lppm), 
I pulse per hour (lpph) , and 1 pulse per  
day ( l p p d ) .  The pulses go h igh  on time 
and remain high f o r  2 seconds for  minure 
mark, 4 seconds f o r  hour mark and 6 seconds 
f o r  day mark. Capable of sourcing 40 MA 
at 4 . 0  volts minimum, and pulled to ground 
by a lk n res is tor .  See Section 3-30. 

Prov ided  on BNC connector as frequency 
source to drive a synchronous motor 
through a power amplifier. Capable of 
sourcing 1 0 0 v a  at 2.4V and sinking I.6M 
at . 4 V .  (TTL Load).  The output square 
wave has an unusual duty cycle. The 60 Hz 
is a 50% duty cycle over 50 rns ( 3  cycles). 

Cycle  #1 High 9ms, Low 8ms 
Cycle #2 High 8 m s ,  Low 9ms 
Cycle $/3 High 8 m s ,  Low 8ms 

See Section 3-35. 

EXTERNAL 
OSCILLATOR (OPT. ) Input level of less  than 4V and greater 

than 2.4 volts (TTL) sine wave or square 
wave is required. Any frequency f r o m  I00 
kHz to 10MHz in multiples of lOOkHz is sa- 
tisfactory. No unit adjustment is needed 
regardless of frequency. Used as clock 
timebase when not phase locked to WWVB. 
See Section 3-39 .  

TRIG H ( OPTIOfl) : BNC output of standard IRIG H format TTL 
DC level shift suppl ied unless otherwise 
requested. If lkHz amplitude modulated 
carrier requested, I R I G  I3 will automatically 
be suppl ied  in D.C. Level Shift format. 
See Section 3-44 .  

PAWILLEL; BCD 
TIME ( OPTION ) : If ordered, Parallel BCD t i m e  of year is 

provided on rear panel 50 p i n  "DM connector. 
Days, hours,  minutes, seconds and milli- 
seconds are provided. Lines indicating 
worst-case time error of +1, + 5 ,  +50 and 
+500rns drives 2 standard r ~ ~ ~ w  loads or 
mCM~S". See Section 3 - 4 8 .  



HOURS OFFSET: 

1 2 / 2 4  HOUR 
OPERATION: 

S I Z E :  

WEIGHT: 

POWER : 

The displayed t i m e  of year is outputted 
in E I A  Standard RS-232C configuration via 
a "Motorola ACIA". Output format is 
D D D H H M M S S and an indicator of the 
time quality, CR/LF. Baud Rate and "ACIA" 
opt ions  are d i p  switch selectable. See 
Section 3 -59 .  

IEEE Buss interface is also  available. 
The t i m e  is outputted in ASCII format, w i t h  
the most s ignif icant  d i g i t  first (100's of 
d a y s ) ,  Among operating modes is time on 
demand to the millisecond l e v e l ,  or marked 
time to the milliseconds level. See 
Section 3-96.  

Rear panel thumbwheel switch allows sub- 
t r a c t i o n  of "0" to "lIt '  hours from trans- 
m i t t e d  UTC time. See Sec t ion  3-10. 

Dip Switch l oca t ed  inside unit allows use 
as 1 2  hour clock in place  of 24 hour format 
as sh ipped-  See Section 3-12, 

1 - 3 / 4 "  x 17" x 10%" (4 .4  x 4 3 . 2  x 26.7cm) 
behind panel. Mounts- in standard 19" 
(48.9cm) EIA rack system, hardware in- 
cluded. 24" (60.9) hardware available. 

7% lbs. (3.5kg) Ship Wt. 1 2  lbs. ( 5  -4kg). 

95-135VAC, 60-SOOHz, less than 25 volt amps. 
Others available on request. 



FIGURE 1-2 MODEL 60-DC DIMENSIONS 



SECTION II 

2 - 1  ANTENNA I NSTALLAT TON 

2-2 The Model 60-DC Synchronized Clock is shipped ready 
for operation and w i l l  require no adjustments. The first 
s t e p  in set-up and operation of t he  unit is to i n s t a l l  the  
antenna. If the  unit has been ordered with e i ther  the Model 
A-6OFS or the Model A-6OLW antenna manufactured by True 
Time Instrument Company, refer to the appropriate s e c t i o n  
of t h i s  manual fo r  t h e i r  installation instructions. Lead- 
in cable  such as 50 ohm RG58/U is recommended. T h i s  coax 
is available through True Time Instrument Company in 50 and 
100 foo t  lengths.  

2-3 RACK MOUNTING 

2-4 I f  it is desired to mount the Model 60-DC in a 
standard 19" rack system, the user can use the rack mount- 
ing ears  provided with the unit. These e a r s  may be attach- 
ed to the side of the cabinet  by removing the t w o  8-32 f l a t  
head screws on one side of the  instrument and placing the 
screws through the counter-sunk hole  in the bracket  and re- 
installing the screw. The unit now may be mounted in a 
1 - 3 / 4 "  opening in any EIA Standard 19" rack system. 

2-5 INSTRUMENT S T A R T - U P  

2 -6  After che antenna installation is complete as de- 
sc r ibed  in Section 2-2 above, t h e  lead-in coax should be 
connected to the rear panel BNC connector l a b e l e d  "ANTENNA". 
Connect the power cord to the socket on the rear  panel and 
plug t he  unit into an appropriate power source. The power 
switch on t h e  f r o n t  panel may now be turned on. 

2 -7  I n i t i a l  ind ica t ion  of proper operation will be the 
colons, which will co,qe on, blink off and then stay on. 
After 30 t o  45 seconds the " W B  LOCK" LED on the f ron t  
panel should Light, indicating reception of the signal ffm 
WWVB and within five minutes the  d i s p l a y  should light in- 
dicating the  proper  time. Detailed explanation of each 
feature of t h e  Model 60-DC is more fully described in 
Section 111 of this manual. 

2-8 One of the most often overlooked and y e t  most im- 
por tan t  factors in the installation and operat ion of the 



Model-DC is proper  i n s c a l l a t i o n  of  the antenna .  Without 
a proper antenna installation, the signal f r o m  the trans- 
mitter will not be received and thus the unit cannot pos-  
sibly function p r o p e r l y .  In many cases  "just to try it out",  
(when the A-60FS antenna is ordered) an attempt will be made 
to operate the u n i t  with the antenna i n s ide  of a b u i l d i n g .  
This, as o f t e n  as not, results in inability to phase lock  
to the signal. In some cases phase lock may be ob ta ined ,  
but the l o w  s igna l  l eve l  in these cases will be too low 
f o r  the unit to read the time code information. Thus, the 
display will not  light or w i l l  require extremely long p e r -  
iods of time to read two time frames proper ly  and to tu rn  on 
the d i g i t a l  display, If it is des i red  to -view the received 
WWVB signal on an o s c i l l o s c o p e ,  refer to Section 5-21. 



SECTION I 1 1  

OPERAT ION 

3- L INTRODUCTION 

3 - 2  T h e  Model 6 0 - D C  WWVB Synchronized Clock p r o v i d e s  t h e  
user w i t h  a means  o f  obtaining time t r a c e a b l e  t o  t h e  U.S. 
National B u r e a u  of Standards w i t h  a n  a c c u r a c y  of + . 5 m s .  For 
stability t h e  time base  i s  phase-locked to t h e  carr iTr  of WWVB, 
w h i c h  i s  transmitted to a n  accuracy o f  a f e w  p a r t s  in 1 0 - 1 2 .  The 
time-of-year information b r o a d c a s t  by WWVB i s  displayed i n  day- 
of-year, hours, m i n u t e s  and seconds  on t h e  f r o n t  panel. Also, 
available a r e  outputs of t h i s  time information i n  t h e  fo rm of 
I R I G  H, P a r a l l e l  BCD, RS-232 c o m p a t i b l e  i n t e r f a c e ,  or IEEE-488 
cornpat i b i l i t y .  The M o d e l  60-DC has  been specifically designed to 
minimize  ope ra to r  s e t - u p  and w i l l  prov ide  many y e a r s  of service 
w i t h o u t  attention. 

3-3  WWVB LOCK 

3 - 4 L o c a t e d  on t h e  left h a n d  lower  corner  of t h e  f r o n t  
p a n e l  is  a LED l a b e l e d  "WWVB LOCK". This g r e e n  LED w i l l  light 
a n y  time t h e  unit i s  receiving sufficient signal from WWVB to 
allow t h e  i n t e r n a l  t i m e  b a s e  t o  p h a s e  lock t o  t h e  c a r r i e r  f r e -  
quency of 60 k H z .  When t h e  u n i t :  is i n i t i a l l y  turned on, i f  
adequate signal is p r e s e n t ,  t h i s  LED w i l l  L i g h t  w i t h i n  3 0  to 45 
seconds .  I f  during t h e  c o u r s e  of operation p h a s e  lock w i t h  t h e  
t r a n s m i t t e r  is lost f o r  o v e r  16 seconds t h i s  l i g h t  will go o u t ,  
I f  p h a s e  lock is l o s t  for  e x t e n d e d  p e r i o d s  of  time, due to t h e  
long  time c o n s t a n t  of t h e  phase lock loop,  i t  w i l l  t a k e  somewhat 
longer than 45 seconds t o  re -acquire  phase  lock when r e c e p t i o n  is 
r e g a i n e d .  

3 -5  Phase lock w i l l  be mainta ined continually in most areas 
and t h e  only o c c a s i o n  f o r  l o s s  of lock w i l l  be s h o r t  p e r i o d s  of 
t i m e  d u r i n g  t h e  p e r i o d  when  t h e  daylnight line i s  between the 
transmitter in B o u l d e r ,  Colorado and t h e  location of  t h e  r e -  
ceiver.  T h i s  time is r e f e r r e d  to a s  "diurnam" and can r e s u l t  i n  
the signal level d r ~ p p i n g  t o  almost zero and returning to normal 
levels w i t h i n  a p e r i o d  o f  less  t h a n  1 / 2  hour .  The second pos- 
s i b l e  cause for loss of reception would be a transmit ter  f a i l u r e .  
Although this is a very r a r e  situation, i t  s h o u l d  be considered 
i f  reception c a n n o t  be obtained. In SECTION 3-8 to f o l l o w ,  a 
complete d e s c r i p t i o n  of d i s p l a y  i n d i c a t i o n s  of time a c c u r a c y ,  
based on phase  lock wi th  t h e  WWVB carr ier ,  is explained. 

3 - 6  DT SPLAY 

3 - 7  The f r o n t  p a n e l  display of time is b l a n k e d  when t h e  
u n i t  i s  i n i t i a l l y  turned o n ,  because  t h e  c o r r e c t  time is n o t  
known. The time inforrnat  ion broadcast by WWVB is a "slow code" 
h a v i n g  a t i m e  f r a m e  of one m i n u t e .  The time i n f o r m a t i o n  is 
broadcast in t h e  f i r s t  35 seconds of each minute.  Requirements 



f o r  t h e  d i s p l a y  t o  l i g h t  are :  1 )  t h e  u n i t  must o b t a i n  phase  lock 
w i t h  the c a r r i e r  of WWVB and,  2) t w o  c o n s e c u t i v e ~ m i n u t e s  of time 
c o d e  m u s t  be read w h i c h  a g r e e  a s  t o  t h e  time. When the,se t w o  
c r i t e r i a  a r e  m e t  t h e  d i s p l a y  w i l l  l i g h t  showing the  correc t  time 
i n  days ,  h o u r s ,  m i n u t e s ,  and seconds, Coordinated Universa l  Time 
(UTC) more c o m m o n l y  referred to a s  Greenwich Mean Time (GMT). 
Correct ion to local time, conversion to a 12-hour c l o c k  in place 
of the 2 4 - h o u r  time base as transmitted and correct ion for  propa- 
gation delay are covered i n  t h e  fo l lowing  s e c t  ions .  

3 - 8 The d i s p l a y  h a s  been d e s i g n e d  t o  indicate to t h e  u s e r  
t h e  accuracy  of t h e  time information being d i s p l a y e d  and on t h e  
t i m e  output: l i n e s ,  i f  o r d e r e d .  A f t e r  t h e  d i s p l a y  t u r n s  on i t  
w i l l  i n d i c a t e  t h e  worst c a s e  accumulated d r i f t  of t h e  t i m e  i n f o r -  
mat ion  s h o u l d  phase lock w i t h  the t r a n s m i t t e r  be l o s t .  When t h e  
unit h a s  a c c u m u l a t e d  loss o f  lock fo r  9 2  minutes s i n c e  t h e  l a s t  
s y n c h r o n i z a t i o n  t o  + t 5 m s . , t h e  colons will flash. The f l a s h i n g  
c o l o n s  i n d i c a t e  u h a t 4 t h e  e s t imate  of t he  worst-case er ror  of t h e  
d i s p l a y  and outputted t i m e  i s  + 5 0 m s .  of N.B.S. time. When t h e  
u n i t  h a s  been i n  operation f o F a  c u m u l a ~ i v e  22 hours w i t h o u t  
phase lock s i n c e  t h e  l a s t  s y n c h r o n i z a t i o n ,  t h e  complete d i s p l a y  
will f l a s h .  T h i s  flashing i s  c e r t a i n  to a t t r a c t  t h e  o p e r a t o r s  
attention and i n d i c a t e s  t h a t  t h e  time a s  d i s p l a y e d  and outputted 
may h a v e  a w o r s t  case  e r r o r  of mote t h a n  +500rns. ( 1 / 2  second).  - 

3 - 9 D i s p l a y  o r  c o l o n  flashing w i l l  s t o p  when t h e  signal 
from W W V B  is r e g a i n e d ,  p h a s e  locked to and t h e  t i m e  c o d e  i s  r e a d .  
Under normal o p e r a t i o n  t h i s  w i l l  occur without operator atten- 
tion. It is v e r y  unlikely t h a t  either of t h e s e  conditions w i l l  
occur w i t h i n  reasonable distances from the transmitter. Due to 
the n a t u r e  of  t h e  u n i t  t o  p h a s e  lock to t h e  c a r r i e r  frequency 
down to very low s i g n a l  l e v e l s ,  p e r s i s t e n t  f l a s h i n g  o f  the co lons  
o r  d i s p l a y  may b e  an indication of  poor reception due to l o c a l  
i n t e r f e r e n c e  or antenna location and /o r  installation. Refer to 
Section V "Maintenance and Troubleshooting1' f o r  additional i n f o r -  
mation on t h i s  subject. 

3 -  10 HOURS OFFSET 

3 - 1 1  Located o n  t h e  r e a r  p a n e l  is a thumbwheel s w i t c h  
l a b e l e d  "HOURS OFFSET". T h i s  s w i t c h  is s e t  f o r  "0" a t  t h e  f a c -  
t o ry  which m e a n s  t h e  d i s p l a y e d  t i m e  will be Coordinated Unive r sa l  
T i m e  a s  b r o a d c a s t .  To c h a n g e  t h e  hours on the display to r e a d  
local t i m e ,  s e t  t h e  s w i t c h  to t h e  number o f  h o u r s  y o u r  l o c a t i o n  
is o f f s e t  f r o m  G r e e n w i c h ,  England .  For example, i f  you are 
located in the Eastern Time Zone and desire to display Local 
Standard Time, t h e  switch s h o u l d  be set f o r  "5" .  I f ,  in t h i s  
case,  t h e  d i s p l a y  was  i n d i c a t  i n g  1800 U T C ,  t h e  c l o c k  would sub- 
t r a c t  5 hours  and d i s p l a y  1300 h o u r s  f o r  L o c a l  S t a n d a r d  T i m e .  I f  
t h e  u n i t  h a s  b e e n  o r d e r e d  with e l e c t r i c a l l y  o u t p u t t e d  t i m e  
( P a r a l l e l  B C D ,  RS-232, IEEE-488), t h e s e  outputs w i l l  a g r e e  w i t h  
t h e  d i s p l a y .  Add it tonal informat ion on these outputs is included 
in t h e  f o l l o w i n g  s e c t i o n s .  See SECTION 3-144 fo r  Daylight 
Savings Time i n f o r m a t  ion. 



3-12 12124-HOUR CLOCK OPERATION 

3-13 The Model 6 0 - D C  is  sh ipped from t h e  f a c t o r y  f o r  opera-  
t i o n  on t h e  24-hour clock system a s  b r o a d c a s t  by t h e  National 
Bureau of  S t a n d a r d s .  I f  i t  i s  d e s i r e d  to convert the clock t o  a 
12-hour clock d i s p l a y ,  a small i n t e r n a l  s w i t c h  can be turned. 

3 - 1 4  To convert a c lock  to t h e  1 2 - h o u r  f o r m a t  r e f e r  t o  
F i g u r e  3 - 1  on the f o l l o w i n g  page .  Remove t h e  four s c r e w s  re- 
taining the l i d  and s l i d e  t h e  1 2 / 2 4  hour  s e l e c t  s w i t c h  to t h e  1 2 -  
hour position. Replace t h e  cover and r e i n s t a l l  t h e  screws.  

3- 1 5  PROPAGAT ION DELAY 

3- 16 T h i s  f e a t u r e  is i n c l u d e d  w i t h  t h e  Model 6 0 - D C  to a l l o w  
the microprocessor t o  compensate for the  d e l a y  in the d i s p l a y e d  
and output ted  time and timing marks due to t h e  time required for 
t h e  signal to t r a v e l  t o  t h e  receiver from the t r a n s m i t t e r .  

3 - 1 7  T h i s  f e a t u r e  consists of t w o  s w i t c h e s  bn t h e  D i g i t a l  
Board Assembly. To a d j u s t  these s w i t c h e s ,  f i r s t  remove the f o u r  
screws which ho ld  the  top cover i n  p l a c e ,  remove t h e  l i d  and s e t  
it a s i d e .  Refer to Figure 3 - 1  for i d e n t i f i c a t i o n  of the "Propa- 
gation Delay S w i t c h e s " .  The two s w i t c h e s  c a n  be combined to 
p r o v i d e  for  a total of 99ms, propagation d e l a y  for t h e  u n i t .  The 
s w i t c h  t o w a r d  t h e  r e a r  panel p r o v i d e s  0 t o  9 m s .  and t h e  s w i t c h  
t o w a r d  t h e  f r o n t  a d d s  to t h i s  i n  s t e p s  of t e n  from 0 t o  9 0 m s .  
There fore ,  i f  i t  i s  d e s i r e d  t o  compensate  f o r  19ms. propagation 
delay, the  f r o n t  s w i t c h  would  be turned to 1 ( fo r  1Dms) and t h e  
rear s w i t c h  t o  9 (for 9ms). 

3-18 To c a l c u l a t e  the  d e l a y  in  t h e  s i g n a l  to your l o c a t i o n ,  
f i r s t  d e t e r m i n e  t h e  number of a i r  l i n e  mi l e s  from the t ransmit -  
t e r  location (Ft. Collins, Colorado) to the receiver's location 
and di v i d e  that number by 186. The resulting number w i l l  be t h e  
number of milliseconds d e l a y  in the  signal from t h e  t r a n s m i t t i n g  
antenna to your  a n t e n n a .  For example, i f  your location is 1350 
(air) miles from t h e  t r a n s m i t t e r  t h e  signal w i l l  require: 

1350 miles 
186 miles/millisecond =7 *26ms* 

Rounding o f f  t h i s  answer gives 7 milliseconds delay. Therefore, 
the s w i t c h  s h o u l d  be s e t  for  "7". I £  i t  is d e s i r e d  to use t h e  
time d a t a  t o  t h e  + 0 . 5 m s .  a c c u r a c y  o f  the u n i t ,  t h e  .26 m i l l i -  
seconds rounded 0f-T here should be used i n  further c a l c u l a t i o n s  
i n v o l v i n g  t h e  time d a t a ,  After  t h e  swi tch  h a s  been s e t ,  replace 
t h e  l i d  a n d  s c r e w s  t h u s  preventing a c c i d e n t a l  readjustment of  
t h i s  setting by o t h e r s .  

3 - 2 0  The 1 Hz i s  p r o v i d e d  a s  a rear  p a n e l  BNC and can  be 
used f o r  a w i d e  v a r i e t y  of timing f u n c t i o n s .  This o u t p u t  is a 
p u l s e  going h i g h  on t h e  second, remaining h i g h  f o r  100 m i l l i -  



FIGURE 3-1 PARTS LOCATION - MODEL 60-DC 



s e c o n d s  and going low for  t h e  remaining 900 milliseconds. T h i s  
output i s  d r i v e n  f rom a 2N3904 (43) on t h e  m i c r o p r o c e s s o r  board 
( A s s y .  8 6 - 4 2 ,  s e e  SECTION VI). The c o l l e c t o r  of 43 is p u l l e d  u p  
to + 5 V D C  w i t h  a 3.3K ohm resistor. T h i s  o u t p u t  is taken o f f  of 
P i n  # 3  of  assembly 86-42 and capable  of d r i v i n g  10 TTL loads. 

3-21  1 kHz 

3 - 2 2  The 1 kHz rear  panel  o u t p u t  i s  s i m i l a r  in form to the 
1 Hz above .  I t  is a square wave g o i n g  h i g h  on time, remaining 
h i g h  f o r  100 microseconds  and low the  remaining 900 microseconds, 
T h i s  o u t p u t  is d r i v e n  by assembly 8 6 - 4 1  ( s e e  SECTION VI), T h i s  
is t h e n  f e d  to assembly 8 6 - 4 2  in interconnecting w i r e ( s )  and  to 
the rear p a n e l  from 86-42  P i n  #17. 

I R I G  B 

3 - 24 T h e  p r i m a r y  p u r p o s e  o f  t h e  IRIG B time code o u t p u t  is 
t o  d r i v e  slave displays manufactured by True Time Division. T h i s  
o u t p u t  consists of t h e  s t a n d a r d  I R I G  B time code .  Refer to 
SECTION XI1  f o r  a f u l l  d e s c r i p t i o n  of t h i s  code.  

3 - 2 5  When using t h i s  code  f o r  o t h e r  t h a n  d r i v i n g  t h e  True 
Time Model RD-B, i t  s h o u l d  be noted  t h a t  four "Control F u n c t i o n s t 1  
a r e  used .  These control f u n c t i o n s  encode es t imated  time a c c u r a c y  
a s  fully d e s c r i b e d  in SECTION XII. See SECTION 3-52 for  informa- 
tion on the d e r i v a t i o n  of these accuracy i n d i c a t o r s .  

3-26 T h i s  o u t p u t  is supplied on a rear panel BNC connector. 
When s h i p p e d ,  t h i s  o u t p u t  is i n  a 1 kHz c a r r i e r  a m p l i t u d e  modu- 
l a t e d  format: but can be f i e l d  converted to D.C. l e v e l  s h i f t  code 
format.  In addition t o  driving remote d i s p l a y s ,  t h i s  o u t p u t  can 
be used to synchronize commercially available Time Code Genera- 
t o r s  or d i r e c t  record ing  on magnetic tape .  

3-27 The modulated  1 kHz format  is  a sine wave d r i v e n  by 
op, amp. U22(LM324) i n  s e r i e s  w i t h  100 ohm (R106). The h i g h  
level of the code is 5 volts peak t o  peak +0.5v; the  low l e v e l  is 
2 volts peak to peak - I -0 .2~ .  T h i s  o u t p u t i s  f e d  through S l  ( t h e  
"AM" m o d u l a t i o n  s w i t c 3 )  t o  t h e  8 6 - 4 2  board v i a  Pin # "Pt' and t o  
the rear p a n e l  from t ermina l  number 18. 

3-28 I f  i t  is desired t o  convert t h e  IRIG B time code from 
t h e  a m p l i t u d e  modulated form as  sh ipped to a l e v e l  s h i f c  outpur, 
it is necessary to remove t h e  l i d .  See FIGURE 3-1, t t I R Z G - B  TTL/AM 
SW i t c h e s " .  T u r n  t h e  switch l a b e l e d  "AM" "OFFtt a n d  t u r n  t h e  
swi t ch  l a b e l e d  "TTL" "ON". 

3 -29  The "TTL" l e v e l  shifted IRIG code is d r i v e n  by t r a n -  
sistor Q 3 ( 3 9 0 4 )  and i s  capab le  of d r i v i n g  10 s tandard  TTL i n p u t s .  
The l e v e l  shifted signal is f e d  t h r o u g h  S 2  ("TTL" m o d u l a t i o n  
s w i t c h )  t o  the 8 6 - 4 2  board v i a  P i n  # "P" and to t h e  rear panel 
Erom t e r m i n a l  n u m b e r  18. Note t h a t  S1 and Sl s h o u l d  not be 
closed s i m u l t a n e o u s l y .  



3- 30 SLOW CODE 

3 - 3 1  The "Slow Code"  o u t p u t  f rom t h e  Model 60-DC h a s  been 
p r o v i d e d  p r i m a r i l y  fot t h e  p u r p o s e  of  p r o v i d i n g  timing m a r k s  on 
d r u m  r e c o r d e r s  s u c h  a s  t h e  Kinemetrics I n c .  Mode l  VR-1. T h i s  
output i s  a single l i n e  which goes  h i g h  once p e r  m i n u t e .  On 
m i n u t e  marks  t h e  output r e m a i n s  high for two seconds, on hour 
marks t h e  line is h e l d  h i g h  f o r  4 s e c o n d s  and  for t h e  d a y  mark,  a 
six second h i g h  i s  p r o v i d e d .  

3 - 3 2  This output is d r i v e n  b y  Q1 on assembly 8 6 - 4 2 .  T h i s  
i s  a MPS3702 transistor and  w i l l  s o u r c e  40 ma. at 4 . 0 V D C .  T h i s  
d r  i v e  i s  p r o v i d e d  from Pin # 2  on t h e  assembly 8 6 - 4 2  through a 
w i r e  t o  t h e  rear p a n e l  BNC. 

3 - 3 3  A second f o r m a t  o f  t h i s  slow code i s  prov ided  and can 
be e a s i l y  f i e l d  converted.  I f  t h e  wire f rom P i n  # 2  of assembly 
8 6 - 4 2  is connected t o  P i n  # I  on t h e  a s s e m b l y ,  the complement of 
Pin # 2  descr ibed above is  prov ided .  (See F i g u r e  3-1, "Slow Code 
P i n 1  a n d P i n 2 " ) .  P i o # l  output i s d r i v e n b y Q 2 ( 2 N 3 9 0 4 ) w i t h  
a p p r o x i m a t e l y  6 K  ohm p u l l  u p  t o  5 V D C .  T h i s  w i l l  d r i v e  2 TTL 
l o a d s .  When w i r e d  i n  t h i s  m a n n e r ,  t h e  output o n  t h e  r e a r  p a n e l  
BNC w i l l  be normally h i g h .  On the m i n u t e  it w i l l  go low 2 s e -  
conds,  4 seconds on t h e  hour  and 6 seconds  for  a d a y  i n d i c a t o r .  

3 - 3 4  NOTE: I f  " E x t e r n a l  Oscillator" o p t  i o n  i s  o r d e r e d  i n  
conjunction w i t h  Parallel BCD, RS-232 or IEEE-488 o u t p u t  options, 
t h e  "Slow Code" o u t p u t  is not on a r e a r  p a n e l  connector b u t  t h e  
u s e r  is f r e e  t o  l i f t  the l i d  and o b t a i n  t h i s  o u t p u t  f r o m  P i n  # 1  
or f 2  of assembly 86-42 f o r  use. 

3 - 3 6  The precision 60 Hz o u t p u t  on the r e a r  p a n e l  BNC h a s  
been pr 'ovided primarily for t h e  purpose of s u p p l y i n g  a known 60 
Hz s i g n a l  to d r i v e  s y n c h r o n o u s  m o t o r s ,  T h i s  o u t p u t ,  when s u p -  
p l i e d  through a power amplifier such as t h e  Kinemetrics Model PA- 
1 ,  w i l l  p r o v i d e  a c o n s t a n t  60 Hz signal f o r  d r i v i n g  drum re- 
corders  independent of local power line v a r i a t i o n s .  

3-37 A quasi-square wave is provided f o r  t h i s  purpose w i t h  
transitions on e x a c t  milliseconds. The h a l f  cycle p e r i o d s  are  
8ms, 8ms,  9 m s ,  8ms, 8 m s ,  and 9 m s ,  etc., then r e p e a t i n g  t h e  p a t -  
tern. T h i s  p r o v i d e s  exactly a 60 Hz square wave a f t e r  t h e  av -  
erage of t h r e e  cycles.  

3-  38 T h i s  o u t p u t  is d r i v e n  from a 2N3904 transistor (44) on 
t h e  microprocessor board (Assembly 86-42 s e e  SECTION VI). The 
o u t p u t  is from t h e  86-42 assembly, v i a  t h e  terminal  labeled "60 
Hz" and w i r e d  to t h e  rear  panel connector. This o u t p u t  is c a p -  
a b l e  of d r i v i n g  10 TTL loads .  

3 -  39 EXTERNAL OSCILLATOR ( S p e c i a l  Orde r  O p t  ion)  

3-40 I f  o p t i o n a l l y  ordered, t h i s  rear  pane l  input provides 



f o r  a l o c a l  l a b  s t a n d a r d  t y p e  o f  oscillator to b e  u t i l i z e d  as a 
clock time b a s e  d u r i n g  p e r i o d s  when phase lock w i t h  WWVB is los t .  

3-4i The i n p u t  f r e q u e n c y  f o r  t h i s  o p t i o n  m a y  b e  a n y w h e r e  
b e t w e e n  100 kHz and 10 MHz in increments of 100 kHz. The signal 
c a n  be a s i n e  wave or  s q u a r e  wave w i t h  t h e  low level l e s s  t h a n  
0.4V and  the p e a k  g r e a t e r  t h a n  2.4 (TTL). This input is pre- 
sented f r o m  t h e  r e a r  panel BNC through a coax to t h e  input o f  U1 
(74LS90) ,  which h a s  a 10K o h m  p u l l  u p  t o  +5VDC. T h i s  i n p u t  
t h e r e f o r e  i s  one TTL load.  

3 - 4 2  O p e r a t i o n a l l y ,  any  time t h e  Model 6 0 - D C  is u n a b l e  t o  
p h a s e  Lock t o  t h e  60 kHz c a r r i e r  of W W V B ,  t h e  clock t i m e  b a s e  
w i l l  u t i l i z e  t h e  p r o v i d e d  input  i n  t h e  "External Osci l lator" BNC 
connector. If a reference frequency is not provided on t h i s  BNC, 
t h e  60-DC w i l l  continue t o  opera t e  on i t s  own i n t e r n a l  c ry s t a l .  

3 - 4 3  When t h e  situation a r i s e s  t h a t  lock to W W V B  is lost, 
even i f  a cesium oscillator i s  used for  t h e  external o s c i l l a t o r ,  
t h e  i n d i c a t i o n s  oE t ime d r i f t  c o n t i n u e .  Therefore, t h e  co lons  on 
t h e  d i s p l a y  a n d  whole d i s p l a y  w i l l  b l a n k  and f l a s h  in t h e  u s u a l  
m a n n e r  t o  i n d i c a t e  l o s s  of WWVB r e c e p t i o n  even i n  c a s e  of a 
I I p e r f e c t "  e x t e r n a l  t i m e  b a s e .  The  o u t p u t  time e r r o r  message  in 
IRIG B, Parallel BCD, US-232 and IEEE-488 also function to  i n d i -  
c a t e  l o s s  of accuracy .  

3-44  - IRIG H ( S p e c i a l  Order O p t i o n )  

3-45 When ordered,  I R I G  H i s  p r o v i d e d  on a rear  panel BNC. 
I f  t h i s  is ordered i n  conjunction w i r h  P a r a l l e l  BCD or RS-232 or 
IEEE-488, t h e  1 Hz described i n  SECTION 3-19 is deleted in favor 
of t h i s  output. The 1 Hz is available on assembly 8 6 - 4 2  as d e s -  
c r i b e d  b u t  i s  not on a rear p a n e l  connector. The user can  easily 
open t h e  l i d  and obtain t h i s  1 Hz i f  d e s i r e d .  

3 - 4 6  T h e  f o r m a t  of t h e  IRIG H t i m e  c o d e  is c o v e r e d  in 
SECTION XII. 

3 - 4 7  A s  s h i p p e d  from t h e  f a c t o r y ,  t h e  IRIG H code is in 
D.C. level s h i f t  format .  T h i s  o u t p u t  is p r o v i d e d  through  a 
2N3904 (on Assembly  8 6 - 4 2 )  w i t h  a 3.3K ohm p u l l  up to + 5 V D C .  On 
r e q u e s t ,  this o u t p u t  can b e  supplied a s  a 1 kHz amplitude modu- 
l a t e d  c a r r i e r .  I n  t h i s  c a s e ,  t h e  I R I G  0 w i l l  b e  s u p p l i e d  a s  DC 
l e v e l  s h i f t .  ( S e e  SECTION 3 - 2 3 )  The 1 kHz generation a n d  
m o d u l a t  i on  s y s t e m ,  or i g i n a l l y  used for t h e  IRIG B ,  w i l l  t h e n  be 
u s e d  f o r  t h e  IRIG H, t h u s  p r o v i d i n g  a 1 kHz c a r r i e r  amplitude 
m o d u l a t e d  in  IRIG H format a s  described in SECTION 3 - 2 3 .  

3 - 4 8  PARALLEL BCD TIME OUTPUT (Spec ia l  Order Opt ion) 

3 - 4 9  The Parallel BCD Time O u t p u t  o p t i o n  is designed t o  
synchronize other  equipment: a t  t h e  time p r o v i d e d  by t h e  National 
Bureau of  S t a n d a r d s .  T h i s  o u t p u t  consists of 42 lines of BCD 
d a t a  from 100 ' s  of d a y s  to u n i t s  of milliseconds a s  shown i n  
F i g u r e  3 - 2 .  A l s o  i n c l u d e d  w i t h  t h i s  o p t i o n  a r e  f o u r  l i n e s  t o  



i n d i c a t e  t h e  worst c a s e  e r r o r  on t h e  time outputted. Each of four  
l i n e s  i n d i c a t e  errors i n  excess of :  +500ms, +50ms, + 5 m s  and + l m s  
respectively. 1 Hz and 1 k H z  l i n e s  a r e  a v a i T a b l e  on t h e  o u f p u t  
connector which can be used to i n d i c a t e  t o  t h e  user when t h e  BCD 
time d a t a  on t h e  lines are c h a n g i n g  s t a t e s .  I f  t h i s  option is 
i n c l u d e d ,  a 50  P i n  "D" connector h a s  been i n s t a l l e d  on t h e  r e a r  
panel. 

3-50 All of t h e  4 2  BCD lines a r e  d r i v e n  by #CD4050B1s 
powered  by 5 volts and a r e  c a p a b l e  of d r i v i n g  t w o  TTL l o a d s  or  
m u l t i p l e  CMOS l oads .  T h e s e  lines a r e  h i g h  to i n d i c a t e  a one i n  
t h a t  position in t h e  BCD code. For f u r t h e r  i n f o r m a t i o n  regarding 
t h e  o u t p u t  of t h e s e  lines and t h e i r  capabilities, r e f e r  to 
SECTION VI. 

3 - 5 1  The p i n  o f  each output is shown i n  Figure 3 - 2  on t h e  
f o l l owing  page. 

3-52 During normal operation, after start-up and synchroni- 
z a t i o n  w i t h  t h e  W W V B ,  t h e  four t i m e  q u a l i t y  lines w i l l  be  in a 
low s t a t e .  When p h a s e  l o c k  w i t h  t h e  transmitter is  lost, t h e  
Model  60-DC w i l l  p r o v i d e  t h e  u s e r  w i t h  a w o r s t - c a s e  estimate of 
t h e  accumulated c l o c k  d r i f t  b a s e d  on t h e  VCXO d r i f t  r a t e .  This 
e s t i m a t e  is p r o v i d e d  by each of t h e  f o u r  lines changing t o  t h e  
h igh  s t a t e  in  turn a s  t h e  clock time base  d r i f t s  from s y n c h r o n i -  
z a t i o n  with N.B.S. Below is a table which shows the  p i n  #, t h e  
worst c a s e  e r r o r  when t h i s  l i n e  is h i g h ,  a n d  t h e  duration of loss 
of l o c k  w i t h  the t r a n s m i t t e r  r e q u i r e d  f o r  t h e  line t o  c h a n g e  t o  
t h e  h i g h  s t a t e .  

PIN # EXPECTED ERROR PERIOD WITHOUT LOCK 

50 +1.0 MS. 8 MINUTES 
14 T5.0 MS. 22 MINUTES 
15 T 5 O . O  MS. 92 MINUTES 
1 7  - T500.0 MS. (112 SEC. )  2 2  HOURS 

Each of t h e s e  lines i s  d r i v e n  by a RCA #CD4050 a n d  is c a p a b l e  o f  
driving two TTL l o a d s  or m u l t i p l e  CMOS l o a d s .  I t  w i l l  be noted 
t h a t  when t h e  +50ms line goes h i g h ,  t h e  co lons  on the d i s p l a y  
w i l l  f l a s h  and-when t h e  - +500ms line goes h i g h ,  t h e  complete d i s -  
p l a y  w i l l  f l a s h .  

3 - 5 3  When phase lock i s  r e g a i n e d ,  t h e  l i n e s  w i l l  a g a i n  go 
low as t h e  u n i t  re-corrects to the proper time. On i n i t i a l  turn -  
on of t h e  instrument o r  a f t e r  a power f a i l u r e ,  t h e  +500ms line 
w i l l  remain i n  the h i g h  s t a t e  u n t i l  the d i s p l a y  i s - t u r n e d  on, 
t h u s  i n d i c a t i n g  t h a t  t h e  time on t h e  p a r a l l e l  o u t p u t  l i n e s  is not 
correct t o  t h e  accuracy i n d i c a t e d  by t h e  other lines, regardless 
of  t h e i r  s t a t e .  This line c a n  t h e r e f o r e  be used as  a r e a d  i n h i -  
b i t  line since t h e  d a t a  s h o u l d  not be read when t h i s  line is in 
t h e  high s t a t e .  Refer  to t h e  1 Hz and 1 k H z  description below 
for additional parameters on reading t h e  time of  t h e  P a r a l l e l  
Output option. 



. . .  
m m m  
C C C  
-e -6 .d 

6 E 6 

CO Vl 

5 - -  m m m m  
00- - - - 



3 - 5 4  The 1 Hz output  l i n e  on P i n  #16 i s  d r i v e n  by a #CD4050B 
and i s  c a p a b l e  of d r i v i n g  two TTL loads  or multiple CMOS l o a d s .  
T h i s  l i n e  goes  to t - h e  h i g h  s t a t e  on time and remains h i g h  f o r  
9 O O . m s .  A t  any  time t h e  3 Hz l i n e  is h i g h ,  t h e  d a t a  on t h e  
p a r a l l e l  o u t p u t  lines f r o m  t h e  seconds level u p  i s  not c h a n g i n g  
s t a t e s  and is available for r e a d i n g .  

3-55  I f  i t  is desired t o  read the milliseconds l i n e s  as  well 
as  t h e  s e c o n d s  t h r o u g h  d a y s ,  the 1 kHz line s h o u l d  b e  u t i l i z e d  
as a n  i n d i c a t o r  t h a t  t h e  lines a r e  n o t  c h a n g i n g  s t a t e s .  The  
a 0 O t s  of  milliseconds down t o  1 ' s  of milliseconds a r e  d r i v e n  by 
s y n c h r o n o u s  coun te r s  and may be changing s t a t e s  d u r i n g  the f i r s t  
112 microsecond of any millisecond. 

3 - 5 6  The 1 kHz line is d r i v e n  by a #CD4049B and is c a p a b l e  
o f  d r i v i n g  t w o  TTL l o a d s  or  multiple CMOS l o a d s .  T h e  1 kHz 
o u t p u t  c a n  p r o v i d e  i n f o r m a t  i o n  to t h e  user  i n  two f o r m a t s .  The 
f i r s t :  f o r m a t  i s  as s h i p p e d  f rom t h e  f a c t o r y .  The s e c o n d  o u t p u t  
f o r m a t  c a n  be c o n v e r t e d  t o  i n  t h e  f i e l d  by two s i r n p l e  i n t e r n a l  
 nodi if ications. 

3-57 A s  supplied from t h e  f a c t o r y ,  t h e  1 kHz o u t p u t  on P i n  
# 9  of  t h e  "D" c o n n e c t o r  g o e s  h i g h  on the millisecond f o r  100 
m i c r o s e c o n d s  and t h e n  g o e s  low f o r  t h e  remaining 900 m i c r o -  
seconds. Since t h e  s t a t e  of t h e  Parallel O u t p u t :  Time d a t a  may be 
changing s t a t e  d u r i n g  t h e  f i r s t  1 / 2  microsecond  of any m i l l i -  
second, t h e  transition from t h e  l o w  to the high state has been 
d e l a y e d  t o  a l l o w  t h e  milliseconds c o u n t e r  t o  stabilize. T h e  
rising edge of  t h e  1 kHz  s i g n a l  m a y  be u s e d  as a Data  S t r o b e .  
I f .  r a t h e r  t h a n  o n e  ~ o i n t  in time. a t i m e  o e r i o d  of w h e n  it is 
"OK" t o  r e a d  is d e s i r k d ,  t h e  t i m e  p'eriod s t i r t i n g  a t  the r i s e  in 
l e v e l  o f  t h e  1 kHz line and continuing for t h e  next 100 mic r o -  
seconds can be used .  T h i s  1 k H z  l i n e  s h o u l d  be u s e d  i n  c o n -  
j u n c t  i on  w i t h  t h e  +500ms line as desc r i bed  above t o  determine  i f  
t h e  time d a t a  is  correct and r e a d a b l e .  

3 - 5 8  The s e c o n d  f o r m a t  f o r  t h e  I k H z  o u t p u t :  l i n e  w i l l  pro- 
vide an outpur which w i l l  go t o  the  h i g h  s t a t e  approximately 3.0 
microseconds  before t h e  millesecond and low 2 microseconds l a t e r .  
T h i s  line w i l l  n o t  go t o  t h e  low s t a t e  i f  t h e  e s t i m a t e d  t ime 
error  of t h e  instrument is worse than +500ms and will a l s o  s t a y  
i n  t h e  h i g h  s t a t e  a f t e r  i n i t i a l  t u r n - o n  until t h e  d a t a  on t h e  
p a r a l l e l  output l i n e s  a r e  correct. This line, t h e r e f o r e ,  pro- 
v i d e s  one line w h i c h ,  when in t h e  low s t a t e  i n d i c a t e s  t h a t  t h e  
time d a t a  i s  "OK" t o  r e a d .  To c o n v e r t  t h e  Mode l  60-DC to t h i s  
configuration on c h e  1 kHz l i n e ,  remove t h e  bottom covet of  t h e  
instrument and locate  a s s e m b l y  84-44. For identification of t h i s  
A s s e m b l y  and i t s  p a r t s ,  see F i g u r e  3 - 4  of t h i s  m a n u a l .  Loca te  
t h e  j u m p e r  wire s  ( l o o k s  like a 1 / 4  watt: resistor w i t h  one b l a c k  
band)  l a b e l e d  JPR3. U n s o l d e r  the end connected t o  t h e  h o l e  
l a b e l e d  "A" a n d  s o l d e r  it into t h e  h o l d  labeled "6". Unso lder  
t h e  j u m p e r  m a r k e d  J P R 2  and remove i t  f rom t h e  board .  I n  t h e  
p lace  of JPK2, solder  in  a 33k ohm r e s i s to r  (114 w a t t  +5% carbon 
r e s i s t o r  p r e f e r r e d ) .  R e p l a c e  t h e  c o v e r  a n d  t h e  screws, t h e  
convers ion is now complete. 
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FIGURE 3-4 PARTS LOCATION - PARALLEL BCD OUTPUT OPTION 



3 - 5 9  RS-232 TIME OUTPUT ( S p e c i a l  Order O p t i o n )  

3 - 60 The RS-232 Time O u t p u t  o p t i o n  is an additional c o s t  
o p t  ion f o r  t h e  True Time Synchronized C l o c k s .  This o p t i o n  p r o -  
v i d e s  time communication to t h e  user v i a  a bi-directional. asyn- 
c h r o n o u s  R S - 2 3 2  p o r t .  T h i s  t i m e  i n f o r m a t  i o n  p r o v i d e s  National 
B u r e a u  of Standards Time of Year as w e l l  a s  o t h e r  i n f o r m a t i o n  to 
t b e  u s e r .  

3-61 The o u t p u t  is compatible electrically and m e c h a n i c a l l y  
w i t h  t h e  EIA S t a n d a r d  RS-232C a s  descr ibed for  a daLa t e r m i n a l .  

3-62 CONNECTOR AND P I N  ASSIGNMENTS 

3 - 6 3  T h e  o u t p u t  connector m o u n t e d  on t h e  r e a r  p a n e l  of t h e  
u n i t  p r o v i d i n g  t h e  i n t e r f a c e  w i t h  e x t e r n a l  d a t a  processing e q u i p -  
ment: is a "TRW" Part Number "DC-25P" or equivalent. The i n d i v i -  
d u a l  connect i o n s  a re :  

PIN # 
1 
2 
3 
4 
5 
6 
7 
8- 24 
25  

DESCRIPTION 
C h a s s i s  Ground 
Transmitted Data (uo u s e r )  
Received Data (from u s e r )  
*Request t o  send ( i n t e r n a l l y  connected to # 5 )  
*Clear t o  send ( i n t e r n a l l y  connected  to 8 4 )  
Not Used 
Signal Ground 
Not Used 

*ZRIG B (See SECTION 3 - 2 3 )  

* T h e s e  a r e  non-standard connections w h i c h  a r e  
none t h e  l e s s  compatible w i t h  most d a t a  t e r m i n a l  
equipment, 

3 - 6 4  INITIAL SET-UP 

3-65 As s h i p p e d  f rom the f a c t o r y  t h e  unit is  s e t  f o r :  
BAUD RAUE: 300 
PARITY: ODD 
STOP BITS: ONE 

I f  it i s  desired t u  s e t  t h e s e  parameters to o t h e r s ,  remove t h e  
f o u r  sc rews  retaining t h e  bottom c o v e r  and l i f t  o f f  t h e  bottom 
l i d .  

3 - 6 6  The RS-232 o u t p u t  c i r c u i t  ( a s s e m b l y  8 6 - 4 6 )  is in t h e  
c e n t e r  of t h e  u n i t ,  s e e  FIGURE 3-5. 



FIGURE 3-5 PARTS LOCATlOH - RS-232C OUTPUT OPTION 



3-67 The transmission and reception r a t e s  a r e  selected by 
"BAUD RATE SWITCH 52". One and only one p o l e  of  S 2  s h o u l d  be set 
" O N 1 '  a t  a n y  g i v e n  time. The r a t e s  p r o v i d e d  a r e :  1 1 0 ,  150 ,  300,  
600, 1200, 2400,  4800 and 9600 b a u d .  

3 - 6 8  Positions 3 ,  4 ,  a n d  5 o f  "CONTROL SWITCH S l t t  select 
t h e  number  of d a t a  b i t s ,  number  o f  stop b i t s  and t h e  s e n s e  of 
c h a r a c t e r  p a r i t y .  The selection i s  per t h e  f o l l o w i n g :  

s-1 # 3  S - 1  #4 S - 1  #5  
-- 

OUTPUT FORMAT -- 

ON 
OFF 
ON 
OFF 
ON 
OFF 
ON 
OFF 

ON 
ON 
OFF 
OFF 
ON 
ON 
OFF 
OFF 

ON 
ON 
ON 
ON 
OFF 
OFF 
OFF 
OFF 

Even P a r i t y  + 2 S t o p  B i t s  + 7 Data Bits 
Odd P a r i t y  + - 2  S t o p  B i t s  + 7 Data B i t s  
Even P a r i t y  + 1 Stop B i t  t 7 Data B i t s  
Odd P a r i t y  + 1 S t o p  Bit + 7 Data B i t s  
No P a r i t y  B i t  2 S t o p  B i t s  + 7 Data B i t s  
No Parity B i t  1 S t o p  B i t  -+ 8 Data B i t s  
Even P a r i t y  + 1 S t o p  B i t  + 8 Data Bits  
Odd P a r i t y  + 1 S t o p  B i t  + 8 Data B i t s  

3-69  SWITCH SELECTABLE SPECIAL FEATURES 

3-70 Through t h e  "CONTROL SWITCH S l "  pos  it ions 1,2,6,7 ,and 
8 t h e  user c a n  select c e r t a i n  s p e c i a l  features. 

SWITCH S1 
POSITION # 

1 
2 
6 
7 

FUNCTION 
"ON" will s u p p r e s s  "M". See SECTION 3-86 
Mot a p p l i c a b l e  t o  MODEL 60-DC 
Not applicable t o  MODEL 60-DC 
"ON" inhibits "SOH" charac te r  a t  t h e  s t a r t  of t i m e  
transmission. See SECTION 3-79 
"ON" suppresses t h e  transmission of c o l o n s  (:) in 
t h e  d e f a u l t  t i m e  transmission formats .  See sec-  
tions describing C, T, and F MODES. 

3-71 lNTERFAClNG THE CLOCK TO USERS SYSTEM 

3-72 1 )  Select Baud Rate i f  different from 300. 
2 )  S e l e c t  number of Data  B i t s , S t o p  B i t s  and sense of 

Pariiy. Set S1  # 3 , # 4  and # 5  a c c o r d i n g l y .  
3) Check mating connector for correct type. 
4 )  Check t h a t  t r a n s m i t  and r e c e i v e  connect i o n s  are 

consistent w i t h  your system. "TRANSMIT DATA", 
Pin # 2  is from t h e  c lock  t o  t h e  user ,"RECEIVE 
DATA", P i n  # 3  is from t h e  user  t o  t h e  clock.  

5) S e t  user s e l e c t a b l e  "SPECIAL FEATURESt', See 3-70. 

3-73  DEFAULT OPEMTI ON 

3 - 7 4  When the unit is  i n i t i a l l y  powered-up,  the clock w i l l  
s t a r t  to transmit Time-of-Year i n f o r m a t i o n  on t h e  s e c o n d ,  a c -  
c o r d i n g  to t h e  settings of S1  and S2 .  The time information is as 
d e s c r i b e d  i n  t h e  SECTION 3-79.  



3-75 USER COMMANDS OR MODES 

3-76 Below is a complete l i s t  of t h e  available user "COMMANDS" 
o r  "MODES". 

MODE DESCRIPTION 

CLOCK MODE, t h i s  is the d e f a u l t  mode. 
FORMAT MODE, allows re-formatting o u t p u t  message. 
ALARM CLOCK MODE, p r o v i d e s  output a t  any user 
selected time. 
RESET M MODE, resets alarm time a s  p r e v i o u s l y  s e t  
in "M MODE". 
RESET MODE, r e s e t s  t h e  u n i t  t o  t h e  d e f a u l t  mode. 
TIME MODE, transmits t i m e  on demand to t h e  user. 
D U T l  MODE, transmits t h e  DUTl as senr  by NBS. 

3 - 7 7  DESCRIPTION OF RS-232  OPERATION MODES 

3-78 C MODE - CLOCK MODE 
3 - 7 9  When t h e  u n i t  i s  i n i t i a l l y  t u r n e d  on, t h e  RS-232 o p t i o n  
automatically defaults to r i e  once  per second o u t p u t  m o d e ,  w i t h  
t h e  f o l l o w i n g  format :  

(SOH)  DDD :HH: MM: SSQ(CR) (LF) 

Where: DDD are  t h e  t h ree  d i g i t s  r ep resen t ing  d a y - o f - y e a r .  
HH are  t h e  two d i g i t s  representing t h e  hours .  
MM a r e  t h e  two d i g i t s  representing t h e  m i n u t e .  
SS a r e  t h e  two d i g i t s  representing the  second. 
Q i s  t h e  time quality i n d i c a t o r  which may be: 

INDlCATOR EXPECTED ERROR PERIOD WITHOUT LOCK 

( space )  l ess  t h a n  1.0 ms. 0 MINUTES 
- +1.0 MS. 8 MINUTES 

dr +5.0 MS. - 22 MINUTES 
# +50.0 MS. 92 MINUTES 
? T500.0 - MS.(1/2 S E C . )  22 HOURS 

In t h i s  f o r m a t  t h e  (SOH), (CK) a n d  (LF) a r e  A S C I I  control 
c h a r a c t e r s .  

S e e  S e c t i o n  3 - 5 2  f o r  i n f o r m a t i o n  on t i m e  q u a l i t y  i n d i c a t o r s  a n d  
duration of l o s s  of  lock  t o  o b t a i n  each l e v e l  o f  indication. 

3-80  The synchronization o f  t h e  N B S  Time w i t h  t h e  above 
o u t p u t  message o c c u r s  w i t h i n  one b i t  time of t h e  s t a r t  o f  t h e  (CR) 
c h a r a c t e r .  I f  g r e a t e r  t i m i n g  a c c u r a c y  is d e s i r e d ,  i t  is recom- 
mended t h a t  t h e  "M" Mode be used. See SECTION 3-88.  

3 - 8 1 A f t e r  entry i n t o  a n y  o t h e r  mode d e s c r i b e d  h e r e ,  t h i s  
mode c a n  be re-entered by t h e  u s e r  s e n d i n g  an ASCII  "C" or "R" 
over t h e  RS-232 i n t e r f a c e .  I f  an ASCII "C" is used, t h e  fo rmat  of 



t h e  output w i l l  be i n  t h e  d e f a u l t  m o d e  unless it h a s  been r e s t r u c -  
t u r e d  v i a  t h e  "F" Mode. See S E C T I O N  3 -82 .  Using a "R" w i l l  
totally "reset" t h e  format to the " d e f a u l t "  f o r m a t .  

3-82 F MODE - FORMAT MODE 

3 - 8 3 I f  t h e  u s e r  d e s i r e s  to c h a n g e  t h e  f o r m a t  of t h e  output 
message t h e  "F Mode" h a s  been  provided. Lets s a y  e l i m i n a t e  t h e  
d a y - o f - y e a r ,  or possibly t o  add t h e  milliseconds to t h e  output 
format.  T h i s  o u t p u t  p o r t  has t h i s  capability. To e n t e r  t h i s  mode 
t h e  user s e n d s  a n  "F" to t h e  c l o c k  a n d  t h e  unit i s  p l a c e d  i n  t h e  
"FORMAT MODE". The u n i t  t h e n  a w a i t s  the f o r m a t  string, wh i c h  
consists of a 17 charac ter  dummy time message, day-of-year through 
time quality character .  As each of the. 1 7  c h a r a c t e r s  i s  received 
it c o n t r o l s  i t s  r e s p e c t i v e  position in t h e  output format .  An "X" 
in any position s u p p r e s s e s  t h e  output  of  i t s  respective position. 
I n  t h e  d e l i m i t e r  (where  t h e  c o l o n s  u s u a l l y  a r e )  positions, any 
c h a r a c t e r  r e c e i v e d  for t h a t  position w i l l  be outputted. I n  t h e  
o the r  n o n - d e l i m i t e r  positions, any c h a r a c t e r  o t h e r  t h a n  an  "X" or 
any of  t h e  A S C I I  control c h a r a c t e r s  ( s e e  SECTION 3-76)  a l l . o w s  
t h a t  p o s i t i o n  t o  be o u t p u t t e d  a s  understood by t h e  clock's time 
system. Be c e r t a i n  n o t  t o  use  a "Mu as t h e  c h a r a c t e r  f o r  m i n u t e s  - 
or  t h e  c l o c k  w i l l  s e e  t h i s  a s  a command t o  e n t e r  t h e  "M  MODE". 
The f o r m a t  f o r  t h e  o u t p u t  message c a n  be  s e l e c t e d  w i t h i n  t h e  
l i m i t s  of t h e  maximum f o r m a t  de sc r ibed  b e l o w :  

(SOH) DDD HH MM SS SSSQ(CR) (LF)  - - - -  
3 - 8 4  Each " I' a b o v e  represents a s i n g l e  d e l i m i t e r  p o s i t  ion 
w h i c h  c a n  b e  a l m o s t  a n y  A S C I I  c h a r a c t e r ,  t y p i c a l l y  colons, t h a t  
a r e  d e s i r e d  i n  t h e  time o u t p u t  f o r m a t .  Once  t h e  time f o r m a t  
message t o  the u n i t  h a s  been c o m p l e t e d  by t h e  entry of t h e s e  1 7  
c h a r a c t e r s ,  t h e  c u r r e n t  time w i l l  b e  s e n t  in t h e  n e w  f o r m a t  as  a 
verification of a c c e p t a n c e  f o r  t h e  operator. I t  s h o u l d  be n o t e d  
t h a t  t h e  l a s t  t h r e e  "S's"  in t h e  string above, w h i c h  r e p r e s e n t  t h e  
m i l l i s e c o n d s ,  a r e  n o t  a v a i l a b l e  i n  t h e  "C" m o d e ,  e v e n  i f  so f o r -  
m a t t e d .  T h i s  is  due t o  t h e  f a c t  t h a t  t h e  time is sent o u t  on t h e  
second t h u s  sub-second t i m i n g  is n o t  necessa ry .  A t  any p o i n t  i f  a 
(L.F.) c h a r a c t e r  is sent, it w i l l  t e r m i n a t e  t h e  i n p u t  s t r i n g .  
l i v e .  Fxxxx(LF)will o u t p u t  (SOH)HH:MM:SS.sssQ(CR)(LF) 1 .  

3-85 EXAMPLE - F MODE 

I f  t h e  RS-232  port  r e c e i v e s :  
F123/12:34:56,789Q 

the  results w i l l  be the  o u t p u t  of t h e  c u r r e n t  d a y - o f -  
year, a " I " ,  t h e  h o u r ,  a ":" , t h e  n i n u t e s ,  a ":", t h e  
s e c o n d s ,  a ".", t h e  milliseconds and t h e  time q u a l i t y  
indicator. This s t r i n g  w i l l  be p r e c e d e d  by ( S O H )  and 
followed by a (CR) (LF) . 
I f  t h e  RS-232 port  receives: 

FXXXXXXXXXXXXX123X 
t h e  r e s u l t s  w i l l  be t h e  o u t ~ u t  of o n l v  t h e  f r a c t i o n a l  
part of t h e  seconds ,  precedeh by ( ~ 0 ~ ) ~ a n d  fo l lowed  by 
(CR) (LF) 



M MODE - ALARM CLOCK MOUE 

3 - 8 7  T h i s  mode a l l o w s  r h e  user to p r e s e t  a time, in t h e  
f u t u r e ,  i n t o  t h e  u n i t  m e m o r y  and be notified w h e n  r h i s  t i m e  oc- 
c u r s .  An "M" f o l l o w e d  b y  t h e  d e s i r e d  a l a r m  t i m e ,  p r e s e t s  t h i s  
t i m e  i n t o  the memory. T h e  d e s i r e d  t i m e  is t h e n  echoed and t h e  RS- 
2 3 2  o u t p u t  o p t i o n  t h e n  w a i t s  f o r  t h a t  time to occur. When t h i s  
d e s i r e d  t i m e  o c c u r s ,  a n  "Muis sent over t h e  RS-232 i n t e r f a c e .  
T h i s  "M" c a n  be s u p p r e s s e d  by  t h e  s w i t c h  S 1  position 1 ,  see 
SECTION 3-70. 

3-88 A s  a second indication t h a t  t h e  a la rm time is p r e s e n t ,  
the unit c a n  b e  converted t o  p u l l  P i n  # 4  o f  RS-232  c o n n e c t o r  low 
d u r i n g  t h e  a l a r m  t i m e .  This c a n  be accomplished by r e f e r r a l  t o  
FIGURE 3-5 .  F i r s t  remove t h e  jumper l a b e l e d  "JPR2" which  connects 
Pin 4 t o  P i n  5 .  N o w ,  Pin # 4  w i l l  b e  h e l d  low t h r o u g h  t h e  a l a r m  
t i m e  and  h i g h  o t h e r w i s e .  T h i s  form of t i m e  i n d i c a t i o n  i s  s u g -  
ge s t ed  when t h e  user d e s i r e s  t h e  h ighes t :  p o s s i b l e  time precision 
f r o m  the  Mode l  60-DC w i t h  t h e  RS-232 o u t p u t  o p t i o n .  

3 - 8 9 A s  in t h e  "F MODE" d e s c r i b e d  above ,  when i n p u t t i n g  a n  
a l a r m  time, a l l  of t h e  d e l i m i t e r s  m u s t  be  i n c l u d e d  f o r  place 
h o l d i n g .  An "X" i n  any p o s i t  i o n  m a k e s  that a "don't care" digit. 
I f  a " L i n e  Feed" (LF) ,  is p l a c e d  i n  a n y  p o s i t  i o n ,  t h e  i n p u t  is 
t e r m i n a t e d  a n d  t h e  successive time d i g i t s  a r e  s e t  to "0". O t h e r  
t h a n  t h i s  case,  a l l  16 time characters m u s t  be sent. 

3-90 EXAMPLE - M MODE 

3-91 I f  t h e  RS-232 p o r t  r e c e i v e s :  

M185*11:06:04.387 (CR) 

T h e  a l a r m  f e a t u r e  o f  t h i s  u n i t  w i l l  t r i p  a t  
11:06:04.387 on t h e  4 t h  of J u l y  a n d  an "M"  w o u l d  be 
sent o u t  o v e r  t h e  RS-232 l i n k .  I f  t h e  Request t o  Send 
l i n e  had b e e n  c o n v e r t e d  a s  d e s c r i b e d  i n  3.88 above, 
t h e  Pin # 4  w o u l d  be held low for  t h a t  one millisecond. 
Any mode en t e r ed  except  "Nu w i l l  c a n c e l  alarm time. 

If t h e  RS-232 port receives: 

An "M"wou1d be transmitted a t  eleven o'clock on the 4 t h  
o f  J u l y  and t h e  Request to Send line w o u l d  stay low f o r  
t h e  h o u r  or t h r o u g h  11 :59:59.999. 

3 -92  N MODE - RESET M MODE 

3-93 When t h e  unit receives an 'IN" over the RS-232 link, t h e  
Model 60-DC r e s p o n d s  by resetting the  p r e v i o u s l y  set  alarm t i m e  as 
set under  t h e  "Pi" Mode above.  A s  a verification to t h e  u s e r  t h e  
RS-232 p o r t  r e s p o n d s  w i t h  t h e  current time set: i n  the "M" Mode. 
The p u r p o s e  f o r  t h i s  f e a t u r e  i s  t o  allow t h e  user to r e m o v e  t h e  



Mode l  6 0 - D C  from the  "M" mode, request  and rece ive  t h e  NBS T i m e ,  
and quickly return to the I'M" mode. 

3-94  R MODE - RESET MODE 

3-95 This  "RESET MODE" can  be used t o  change t h e  u n i t  back 
to t h e  i n i t i a l  " d e f a u l t  mode" (C mode)  i d e n t i c a l  t o  operation 
when t h e  idode1 i s  i n i t  i a l l y  t u r n e d  on. When a "R" is r e c e i v e d ,  
t h e  u n i t  automatically goes  t o  t h e  " d e f a u l t  format" thus i n t o  t h e  
"C" mode, and ignores any f o r m a t  previously g iven .  

3 - 96 The i n i t i a l  o u t p u t  s t r  i n g  a f t e r  a n  "R" command i s  r e -  
c e i v e d  by t h e  Model 6 0 - D C  i s  no t  r e l i a b l e  e i t h e r  as to t h e  d a t a ,  
time or c a r r i a g e  r e t u r n .  T h i s  i s  due t o  i n t e r n a l  synchronization 
w i t h  t h e  d a t a  r a t e .  T h i s  is also t r u e  when t h e  d a t a  r a t e  i s  
c h a n g e d  i n  t h e  "R" or "C" modes. I t  i s  a l w a y s  recommended t h a t  
f o l l o w i n g  a n y  resetting of t h e  s w i t c h e s  S 1  o r  S 2  t h e  u n i t  be 
p o w e r e d  down and  back u p ,  t h u s  a s s u r i n g  a t o r a l  p r o p e r  r e s e t  of 
t h e  RS-232 parameters. 

3-97 T MODE - TIME MODE 

3-98  When a "T" i s  r e c e i v e d ,  t h e  t i m e  as of 9 b i t s  a f t e r  
t h e  c e n t e r  of  t h e  s t a r r  b i t  of t h e  r e c e i v e d  "T" c h a r a c t e r  i s  
saved i n  a b u f f e r .  It: is t h e n  immediately output i n  t h e  current 
f o r m a t .  No f u r t h e r  d a t a  is o u t p u t  on t h e  RS-232 i n t e r f a c e  u n t i l  
receipt of o n e  of t h e  v a l i d  Mode c o n t r o l  c h a r a c t e r  sequences 
listed in SECTION 3-76 .  T h i s  f e a t u r e  i s  o f t e n  t o  t h e  a d v a n t a g e  
of a u s e r  who des i re s  to h a v e  t h e  o u t p u t  of t h e  RS-232 p o r t  
inactive for long periods of time and only respond on request. 

3-99 A single time-of-year message can also be i n i t i a t e d  by 
an "external trigger". T h e  " C L E A R  TO SEND" line, Pin # 5 ,  of  t h e  
RS-232 i n t e r f a c e  i s  used t o  t r igger  t h i s  f e a t u r e .  When t h i s  line 
is  pulled low by a signal h a v i n g  e i t h e r  TTL or  RS-232 character-  
istics, the current t i m e  is stored until t h i s  line i s  a g a i n  
p u l l e d  h i g h .  T h i s  s t o r e d  t i m e  i s  t h e n  o u t p u t  over t h e  R S - 2 3 2  
interface in the current format. 

3-100 S i n c e  t h i s  " e x t e r n a l  t r  igger" takes precedence o v e r  
any other mode or command, i t  i s  normally locked out by a jumper 
wire  on  t h e  RS-232 i n t e r f a c e  a s s e m b l y .  I f  it is d e s i r e d  t o  use  
t h i s  mode, remove t h e  bottom covet and r e f e r  to Figure 3-5. Cut 
or unsolder the jumper labeled "TRIGGER MODE" in t h e  p i c t u r e .  
Remember when th-is - jumper is c u t  t h i s  tr igger  takes 
over  all orher  normal commands and they are locked out whenever 
t h e  "CLEAR TO SENU" is h e l d  low. 

3 - 1 0 1  I t  m a y  a l s o  be d e s i r a b l e  t o  remove t h e  jumper a t  t h e  
r e a r  edge of the c i r c u i t  card which connects t h e  "REQUEST TO 
SEND" and "CLEAR TO SEND" lines together ( P i n s  4 a n d  5 ) .  This  
w i l l  n o t  afEect: t h e  operation of the  ourput  opt ion ,  but may h a v e  
an affect on other  equipment in the system. 



3- 102 U MODE - DUTl MODE 

3 - 1 0 3  When t h e  Model 60-DC receives a "U" o v e r  t h e  RS-232 
i n t e r f a c e ,  t h e  response  w i l l  be t h e  current:  correc t ion  t o  UTC-NBS . 
t o  o b t a i n  UTl. T h i s  correction is  t r a n s m i t t e d  via W W V B  and i s  
r e f e r r e d  t o  a s  DUTl. T b e  message consists of 3 items. 

1) S i g n  of c o r r e c t i o n  
2) 3 d i g i t  cor rec t ion  i n  milliseconds 
3 )  (CR) (LF) 

3 - 1 0 4  T h e  s i g n  is a "+" or a "-", i n d i c a t i n g  t h a t  t h e  cor- 
rection m u s t  be added to or subtrac ted  from UTC-NBS t o  o b t a i n  t h e  
proper  v a l u e  for  UT1. 

3 - 1 0 5  T h e  3 d i g i t  correction is  n o r m a l l y  transmitted a s  an 
integral number of h u n d r e d s  of milliseconds, such as +400. T h u s  
the  l a s t  two d i g i t s  s h o u l d  a l w a y s  be zero. 

3-106 Four  q u e s t i o n  m a r k s  ( ? ? ? ? )  w i l l  be t r a n s m i t t e d  i f  suc- 
c e s s i v e  transmissions of  DUTl do not  agree. 

3- 107 A complete  descr  i p t  ion  of t h e  i n f o r m a t  ion transmitted 
by WWVB i s  d e s c r i b e d  in SECTION IX. 

3-108 NOTES 

1 )  ( S O H ) ,  (CR) a n d  (LF) a r e  t h e  ASCII c h a r a c t e r s  
01, OD and OA in hexadecimal form. They are n o t  under 
c o n t r o l  of t h e  FORMAT MODE. The (SOH) is sometimes 
r e f e r r e d  to a s  (CTRL A ) .  

2) During output, t r a n s m i s s i o n s  are continuous, w i t h  
t h e  e n d  of  t h e  s t o p  b i t  of  one c h a r a c t e r  coinciding 
w i t h  t h e  beginning of t h e  s t a r t  b i t  o f  the  next 
c h a r a c t e r .  

3) The R S - 2 3 2  o u t p u t  port w i l l  remain in t h e  current 
m o d e  w h i c h  i t  i s  i n  a t  a n y  time, u n t i l  one  of t h e  
v a l i d  ASCII Mode c o n t r o l  c h a r a c t e r s  is rece ived .  See 
SECTION 3 - 7 6  f o r  t h e  list o f  t h e  v a l i d  Mode control 
c h a r a c t e r s .  

4 )  I n p u t  and o u t p u t  i s  v i a  a MOTOROLA P a r t  Number 
MC6850 (or  equivalent). Refer  to the manufacturers 
data sheet for Further informat  ion. 



3-109 IEEE-488 O U T P U T  (Spec i a l  Order Opt  ion) 

3-110  INTRODUCTION 

3 - 1 1 1  The I E E E - 4 8 8  output option i s  available on t h e  Model  
60-DC to provide t h e  user w i t h  a communication por t  v i a  the IEEE- 
488 bus. T h i s  option is c o m p a t i b l e  e l e c t r i c a l l y  and mechanica l ly  
with  t h e  IEEE-488 standard 488-1978. Messages a r e  sent and r e -  
ceived using s t r i n g s  o f  A S C I I  coded c h a r a c t e r s .  The I E E E - 4 8 8  
I n t e r f a c e  C a p a b i l i t y  Codes for  t h e  6 0 - D C  are l i s t e d  b e l o w .  
U n d e r s t a n d i n g  t h e s e  symbols may be e s p e c i a l l y  useful t o  t h e  
s y s t e m ' s  engineer as they c o m p l e t e l y  desc r ibe  the p r o d u c t s '  in- 
t e r f a c e  capability. IEEE s t a n d a r d  4 8 8 - 1 9 7 8  d e s c r i b e s  t h e s e  
f u n c t i o n s  in d e t a i l .  

SH1 AH1 T 8  ~4 SR1 RLO PP2 DCI DT1 CO El 

SHl Source Handshake 
AH1 Acceptor Handshake 
T8 Talker 

L4 L i s t e n e r  

S R l  Service  Request 
RLO Remote Local 
PP2 P a r a l l e l  Poll 
DCI Device Clear 
DT1 Device Trigger 
CO Controller 
E l  Driver Electronics 

Full capability 
F u l l  capability 
Basic t a l k e r ,  s e r i a l  p o l l ,  
u n a d d r e s s  i f  MLA. 
Basic  l i s t e n e r ,  unaddress i f  
MTA 
F u l l  capability 
No capabilty 
Local configuration 
Full capabilty 
Full c a p a b i l t y  
No capabilty 
Open c o l l e c t o r  

3 - 1 1 ?  HARDWARE 

3 - 1 1 3  The user i n t e r f a c e  w i t h  t h e  option is t h r o u g h  a s t a n -  
d a r d  IEEE-488 connector. The "BUS ADDRESS'' is s e t  by a d i p s w i t c h  
on t h e  o u t p u t  o p t  ion c i r c u i t  ca rd .  To access t h i s  s w i t c h ,  remove 
the f o u r  screws which h o l d  the bottom cover i n  p l a c e ,  remove the 
cover. Note the c i r c u i t  board in the  center  w i t h  t h e  components  
f a c i n g  you. On t h e  board end t o w a r d  the f r o n t  pane l  you w i l l  
f i n d  the 8 position s w i t c h .  The " A d d r e s s "  is s e t  using p o s i -  
t i o n s  1 - 5  o f  t h i s  s w i t c h .  T h i s  s w i t c h  e n c o d e s  the a d d r e s s '  in 
binary fo rmat :  

WHEN POSlTION #1  I S  "ON" A BINARY 1 I S  ENCODED 
WHEN POSITION #2 IS  "ON" A BINARY 2 I S  ENCODED 

, WHEN POSITlON # 3  IS  "ON" A BINARY 4 IS ENCODED 
WHEN POSITION # 4  IS  "ON" A BINARY 8 IS ENCODED 
WHEN POSITION # 5  I S  "ON" A BINARY 16 IS  ENCODED 

POSITION #6 NOT USED 
POSITION #7 NOT USED 
POSITION #8 NOT USED 

3-114  The Model 60-DC i s  s h i p p e d  from t h e  f a c t o r y  w i t h  an 
address o f  " 5 " .  T h e r e f o r e ,  s w i t c h  number 1 and 3 a r e  "on" and 
all o t h e r s  are i n  r h e  "off" position. 



EXTERNAL TRIGGER 

3-116 Also located on this c i r c u i t  board are two t e r m i n a l s .  
One is  provided f o r  "EXTERNAL TRIGGER IN" and the other "EXTERNAL 
TRIGGER OUT". T h e s e  a r e  not p r o v i d e d  on r e a r  p a n e l  connectors 
b u t  a t e  available for t h e  u s e r  t o  b r i n g  o u t  i f  he d e s i r e s .  The 
use of these tr iggers w i l l  be covered i n  SECTION 3-127. 

3-117 SOFTWARE 

3-118 Communications over the b u s  t a k e  p l a c e  using s t r i n g s  
of ASCII characters as  m e n t i o n e d  e a r l i e r .  The o u t p u t  strings 
from t h e  clock a r e  always t erminated  by a Carriage R e t u r n ,  L i n e  
F e e d  sequence. The B u s  management "EOI" is a s s e r t e d  w i t h  t h e  
l i n e  feed character. The longest s t r i n g  of characters o u t p u t  by 
t h e  c lock  on t h e  b u s  i s  20 c h a r a c t e r s  i n c l u d i n g  t h e  c a r r i a g e  
r e t u r n  and l i n e  f eed .  

3 - 1 1 9  The  I n p u t  s t r i n g s  of t h e  Model  6 0 - D C  m u s t  b e  term- 
i n a t e d  by a l i n e  f e e d  or an E O I .  The i n p u t  string w i l l  be 
checked f o r :  

A) A LF or EOI by t h e  end of t h e  32 character  i n p u t  b u f f e r  t o  
avoid  b u f f e r  o v e r f l o w .  

I f  LF or  EOI i s  n o t  e n c o u n t e r e d ,  t h e n  t h e  SRQ l i n e  w i l l  
go  low. The s t a t u s  of  t h e  serial poll regis ter  w i l l  be in 
accordance w i t h  the Tektronix's proposed i n t e r f a c e  stran- 
dard March 1977 i n d i c a t i n g  a Command Error. 

B) When a s t r i n g  i s  b e i n g  i n p u E ,  i f  over  200  m s  e l a p s e  b e -  
t w e e n  c o n s e c u t i v e  c h a r a c t e r s ,  t h e n  the SRQ w i l l  go low. 
The s e r i a l  p o l l  reg is te r  indicating a Command Error as in 
p a r t  A ( a b o v e ) .  Note: This 200ms time o u t  means  t h a t  t h e  
c h a r a c t e r s  can n o t  be m a n u a l l y  handshaked in to  the 60-DC 
o n e  b y  o n e  from a keyboard .  The w h o l e  s t r i n g  must b e  i n p u t  
by the controller. 

3-120 O p e r a t i o n  of t h e  c l o c k  o u t p u t s  on t h e  bus a r e  or- 
g a n i z e d  by f i v e  d i f f e r e n t  modes. A p a r t i c u l a r  mode i s  initiated 
by s e n d i n g  t h e  clock a s t r i n g  c o n t a i n i n g  a mode-de f in ing  charac- 
t e r .  The f i r s t  v a l i d  mode-defining c h a r a c t e r  in t h e  string 
r e c e i v e d  defines t h e  mode t h e  clock w i l l  be s e t  in. 

The v a l i d  modes a r e :  

MODE DESCRIPTION 
F FORMAT MODE, allows re-formatting o u t p u t  message. 
M ALARM CLOCK MODE, p r o v i d e s  o u t p u t  a t  any u s e r  

selected time. 
N RESET M MODE verification of marked time in memory. 
T TIME MODE, t r a n s m i t s  time on demand to t h e  u s e r .  



3 - 1 2 1  MODE F 

3 - 1 2 2  T h i s  m o d e  a l l o w s  the user to establish a d e s i r e d  
f o r m a t  f o r  t h e  t i m e  message.  The f o r m a t  i s  d e t e r m i n e d  by the 
s t r i n  s of  characters s e n t  t o  t h e  u n i t  following t h e  receipt of 5' t h e  "F . This f o r m a t  s t r i n g  c o n s i s t s  o f  17 c h a r a c t e r s  to format 
the t i m e  r e s p o n s e  of t h e  c l o c k .  Each  c h a r a c t e r  i n  t h e  s t r i n g  
controls its respective position i n  the  new output format of the 
c lock.  

3 - 1 2 3  A n  "X" in a n y  position of t h i s  s t r i n g  s u p p r e s s e s  t h e  
o u t p u t  of i t s  respective position of t h e  time message. The posi- 
t i o n s  b e t w e e n  t h e  d a y s  a n d  h o u r s ,  t h e , h o u r s  and m i n u t e s ,  t h e  
m i n u t e s  a n d  seconds, seconds  and thousandths a r e  referred to as 
d e l i m i t e r  p o s i t  ions. Any c h a r a c t e r  i n s e r t e d  i n  t h e  i n p u t  s t r i n g  
to format  the  clock in t h e s e  positions w i l l  be r e p e a t e d  in t h a t  
posit ion .  

3 - 1 2 4  The f o r m a t  of t h e  unit can be selected w i t h i n  t h e  
l i m i t s  of the maximum fo rma t  as s t a t e d  below. Any character in- 
serted in t h e  time message positions w i l l  enable  reading of t h a t  
time message position. I n  t h e  following e x a m p l e  D ' s  a r e  used t o  
enable t h e  days, H's are u s e d  to e n a b l e  the h o u r s ,  M's are  used 
to e n a b l e  t h e  m i n u t e s ,  S's a t e  u s e d  t o  e n a b l e  t h e  s e c o n d s ,  T ' s  
a t e  used t o  e n a b l e  t h e  milliseconds,. and Q is used to enable the 
T i m e  Quality Flag (see SECTION 3-139 for  Q d e s c r i p ~ i o n ) .  

3 - 1 2 5  Each " " above represents a d e l i m i t e r  p o s i t  ion and can 
b e  any  ASCII  charac ter  except "Xu. 

3-126 EXAMPLE : 

I f  t h e  option p o r t  r e c e i v e s :  F123/12:34:56.789~ t h e  
r e s u l t i n g  r e s p o n s e  by t h e  c lock  w i l l  be t h e  d a y  of 
y e a r ,  a s l a s h ,  t h e  h o u r s ,  co lons ,  t h e  m i n u t e s ,  colons, 
t h e  s e c o n d s ,  a p e r i o d ,  t h e  t h o u s a n d t h s ,  t h e  t i m e  
q u a l i t y  c h a r a c t e r ,  c a r r i a g e  r e t u r n  and l i n e  feed. 

S e c o n d l y ,  i f  F X X X X X X X X X X X X X 1 2 3 X  is r e c e i v e d  by t h e  
unit, t h e  resulting r e s p o n s e  w i l l  be to p r i n t  only t h e  
fractional p a r t  o f  t h e  second f o l l o w e d  by a carriage 
r e t u r n  and line feed. 

I f  t h e  f o r m a t  string is t e r m i n a t e d  short of t h e  1 7  
c h a r a c t e r s ,  the positions i n  the time s t r i n g  afrer  the 
termination of t h e  format message w i l l  be unchanged by 
the  f o r m a t  operat ion.  

3- 127 MODE M 

3- 128 T h i s  mode a l l o w s  t h e  user to p r e s e t  a time i n  t h e  
f u t u r e  and to be notified when t h a t  time occurs. An "Mu f o l -  
lowed by t h e  d e s i r e d  a l a r m  time p r e s e t s  t h a t  time i n t o  t h e  u n i t .  



t l  When t h e  d e s i r e d  time o c c u r s ,  a s e r v i c e  r eques t "  is i n i t i a t e d  
and the "External Trigger" output line ( s e e  SECTION 3-116) is s e t  
low. When t h e  preset: time h a s  passed t h e  "External Trigger" l i n e  
is r e t u r n e d  t o  t h e  h i g h  s t a t e .  T h e . s e r i a 1  p o l l  register w i l l  
c o n t a i n  an ASCII "Mtt. T h i s  i s  an undefined r e p l y  w i t h  r e s p e c t  t o  
the Tekttonix proposed s tandard.  

3 - 1 2 9  A f t e r  t h e  a l a r m  t i m e  h a s  been  i n p u t - ,  a c h e c k  on  t h e  
string is performed.  I n v a l i d  character check consists o f :  

1) Is each  A S C I I  c h a r a c t e r  w i t h i n  i t s  m i n i m u m  a n d  maximum 
v a l u e s ?  

2) Verify t h a t  t h e  days  d o  n o t  e x c e e d  366. (No check t o  s e e  
i f  l e a p  year . )  

3) Verify t h a t  t h e  hours  d o  n o t  e x c e e d  1 2  hours, i f  i n  1 2  
hour f o r m a t ,  or  23 hours  i f  i n  24 hour  format.  

4 )  Verify t h a t  t h e  m i n u t e s  and seconds do not exceed 59. 

3- 130 Where e r r o r s  a r e  d e t e c t e d ,  " ? "  a r e  p l a c e d .  I n  o r d e r  
t o  o b s e r v e  t h e  e x a c t  d e t e c t e d  e r r o r  l o c a r i o n s  i f  any, 'IN" mode 
m u s t  be  used. (See SECTION 3-120.) 

A )  I f  a n  i n v a l i d  charac te r :  h a s  been input: and "N" or "Mi' Mode 
h a s  not b e e n  u s e d  w i t h i n  200 m s ,  t h e n  t h e  SRQ line w i l l  go 
low. T h e  s t a t u s  of t h e  s e r i a l  p o l l  r e g i s t e r  w i l l  b e  i n  
accordance  w i t h  Tektronix's i n t e r f a c e  s tandard i n d i c a t i n g  
a n  Execu t ion  Er ror .  

B )  I f  "Nt l  Mode or "MI' Mode i s  u s e d  w i t h i n  200 m s  to v e r i f y  
t h e  a l a r m  time, i n p u t  a n o t h e r  a l a r m  time, t h e n  SRQ w i l l  
not  be i n i t i a t e d .  

3 - 1 3 1  T h e  s e r v i c e  reques t :  w i l l  b e  c l e a t e d  by a d e v i c e  c l e a r  
command, by setting a new alarm time, by r e a d i n g  the a la rm time 
u s i n g  "N" mode ( s e e  SECTION 3-120), or by a s e r i a l  poll. 

3 - 1 3 2  When a n  a l a r m  s t r i n g  i s  i n p u t ,  a l l  o f  t h e  d e l i m i t e r s  
m u s t  be i n c l u d e d  as place  h o l d e r s .  An "X" in  any posit ion makes 
t h a t  d i g i t  a "don't  care"  d i g i t .  I f  a line f e e d  is p l a c e d  i n  any 
position, t h e  string is t e r m i n a t e d  and s e t s  t h e  successive d i g i t s  
t o  "0". 

3 - 1 3 3  EXAMPLE : 
M185*11:06:04.387 

T h i s  i n p u t  to t h e  unit w o u l d  t r i p  t h e  a l a r m  f e a t u t e  ar. 
1 1 : 0 6 : 0 4 . 3 8 7  on t h e  4 t h  of J u l y  and t h e  external 
t r i g g e r  would be h e l d  low for t h a t  millisecond. 

NXXX*XX:XX:XX ( l i n e  f e e d )  

T h i s  conf i g u r a t  ion would p r o v i d e  a s e r v i c e  request  a t  
t h e  s t a r t  of e a c h  second and t h e  external t r i g g e r  
o u t p u t  line would be h e l d  low for one millisecond. 



3-134 MODE N 

3-135 Mode "N" is p r o v i d e d  f o r  t h e  p u r p o s e  of v e r i f y i n g  the 
a l a r m  time programmed i n t o  t h e  u n i t .  Uhen t h e  Model; 6 0 - D C  r e -  
ce ives  a N, the response w i l l  be t o  l o ad  t h e  previous programmed 
"M" mode t i m e  i n t o  a b u f f e r  f o r  u s e r  a c c e s s .  A f t e r  t h e  string 
has  been r e a d  by t h e  u s e r ,  t h e  Model 60-DC c l e a r s  t h e  SRQ l i n e  
and r e t u r n s  to "M" mode. 

3 - 1 3 6  A c h e c k  is p e r f o r m e d  t o  d e t e c t  i f  an i n c o m p l e t e  "N" 
mode w a s  p e t  fo rmed .  T h i s  means e x e c u t  i n g  "N" mode w i t h o u t  a d -  
d r e s s i n g  t h e  c l o c k  as  a t a l k e r .  The problem t h a t  w i l l  a r i s e  from 
this is t h a t :  t h e  S R Q  w i l l  n o t  be  c l e a r e d  and t h e  c l o c k  w i l l  never  
r e t u r n  t o  check for t h e  a l a rm  time. There fo re ,  in "N" mode there  
i s  a 200 m s  w a i t  d u r i n g  w h i c h  t h e  clock checks t o  see i f  addres-  
sed  a s  a T a l k e r ,  I f  n o t ,  then SRQ w i l l  go l o w  and t h e  serial 
p o l l  r e g i s t e r  w i l l  i n d i c a t e  a Command E r r o r .  I f  a d d r e s s e d  as 
T a l k e r  d u r i n g  t h e  time o u t  p e r i o d ,  t h e  clock w i l l  t r a n s m i t  the 
command s t r i n g .  A f t e r  transmitting t h e  complete s t r i n g ,  t h e  
Model 60-DC returns ro  "M" mode. 

3 - 1 3 7  MODE T 

3 - 1 3 8  When a "T" is received, t h e  time as of t h e  c o m p l e t i o n  
o f  t h e  handshake  of t h e  s t r i n g  te rminator  (LF or E O I )  i s  saved in 
a b u f f e r .  T h i s  saved time can t h e n  be read o u t  by addressing t h e  
c l o c k  a s  a t a l k e r  and retrieving t h e  t i m e  message.  I f  t h e  u n i t  
d o e s  n o t  h a v e  a f o r m a t  specified by t h e  "F" Mode, t h e  d e f a u l t  
format  of t h e  t i m e  response w i l l  be: 

DDD HH M M  S S . t t t Q  (CR) (LF) 

3 - 1 3 9  This f o r m a t  b e i n g  d a y - o f  - y e a r ,  h o u r s ,  m i n u t e s ,  
seconds, milliseconds and t i m e  q u a L i t y  character. T h i s  is 19 
c h a r a c t e r s  including the  carriage re turn  and line feed. 

3-140  "Q" i s  t h e  time q u a l i t y  i n d i c a t o r ,  s h o w i n g  t h e  e s t i -  
mate of worst case  expected t ime e r ro r :  

INDICATOR EXPECTED ERROR PERIOD WITHOUT LOCK 

(ASCII SPACE) less than 1.0 ms. 0 MINUTES 
+1.0 MS. - 8 MINUTES * +5.0 MS. 22 MINUTES 

# T50.0 MS. 92 MINUTES 
? - T500.0 M S . ( 1 / 2  S E C . )  22 HOURS 

3-141 E i t h e r  a "Group Execute  Tr ig+ecl '  command or a positive 
transition on t h e  "External Trigger Tn' line w i l l  also catch t h e  
t i m e  for o u t p u t .  I f  a "T" or a "Group Execute  Triggerf1 is re- 
c e i v e d ,  t h e  time w i l l  be c a u g h t  whether or not any previously 
c a u g h t  t i m e  h a s  b e e n  r e a d .  The "External T r i g g e r  I n "  line w i l l  
i gno . r e  t h e  p o s i t i v e  t r a n s i t i o n s  a f t e r  t h e  f i r s t  one, until t h e  
time h a s  been c o m p l e t e l y  read out. 



3 - 1 4 2  SAMPLE PROGKAMS 

3 - 1 4 3  As an a i d  to t h e  u s e r  i n  l e a r n i n g  to interface t h e i r  
IEEE-488 System to t h e  T r u e  Time Model 60-DC w i t h  1EEE-488 o u t -  
p u t :  below a r e  s a m p l e  programs. T h e s e  programs a r e  proven t o  
operate  w i t h  t h e  Model 60-DC. W e  t r u s t  these w i l l  be of a s s i s -  
tance. Most o f  t h e  problems e n c o u n t e r e d  by users  in i n i t i a l l y  
i n t e r f a c i n g  w i t h  t h e  Model 60-DC on t h e  "BUStt seem t o  h a v e  been 
in specifying t h e  c l o c k ' s  a d d r e s s ,  and i n  p r o p e r l y  h a n d l i n g  t h e  
t e r m i n a t i n g  sequence of  <CR>, <LF> which t h e  c l o c k  needs  and 
supplies. 

1. HP 9 8 2 5 A  Program: 

2. HP 98308 

rn .r IM i t -  6 0 X  C W I C ~ L C ~  or 
L15T 

3 DIII RU201 
1 1  m 'W 
zm r m  I 
91 WIWI (13.2$)76D4 
I .  cnb -?M- 
SL a w ~  C I ~ , * I - F ~ D W A I K E S ~ ~ ~  I -  
I S  m 'WX' 
68 mrui C I > . * ) - T -  
6 1  Cm 'qt3' 
?I ENTER 113r*1RS 
BB DlSP - T I M #  ' A * I I , l l '  IRYr-hSIsb61 
LW 6070 SY 
11I LMP 

Program: 

wr u30R. H 27 Ftl 91 - a  

3 .  "PET" Program: 

Program to s e t  time string f o r m a t  and r e a d  time from T r u e  T i m e  
Clock v i a  the IEEE-488 bus u s i n g  a PET. 

10 OPEN 5 , 5  Informs PET of clock's a d d r e s s  
on t h e  bus 

20 PRINT#~,"FDDDXHHXMMXSSXTTTX" S e t s  c l o c k  format t o  omit 
delimiters,TQ flag 

30 pRINT#5 ,"TI' I n s t r u c t s  clock to catch time 
40 INPUT#5,A$:IF ST<> 0 THEN 40 Reads time from clock 
50 PRINT A$ Displays  time 



4 .  SYSTRON-DONNER 3520 Program: 

PROGRPIN TO READ TRUE TIHE ROCK USIK SYSTROM-DUNHER HODEL 3520 'BUSSER' 

10 BUS CLEM Jurt i n  case 
20 BUS ADDRESS 00101 5 i n  binary 
30 BUS PRIHT'T' Udress clock i s  1 isteneri snnd 'T{CRLF>" 
40 BUS 1N Address clock a5 talkerg readkdisplay tine string 

3 - 1 4 4  DAYLIGHT SAVINGS TIME CORRECTION 

3- 145 Effective S p r i n g  of 1982 t h e  National Bureau of Stan- 
d a r d s  b e g a n  i n c l u d i n g  a b i t  in t h e  WWVB Time code t o  i n f o r m  t h e  
u s e r s  when t h e  United S t a t e s  is  on Daylight S a v i n g s  Time. T h i s  
b i t  i s  number 57 in t h e  time code transmission as described more 
f u l l y  in SECTION IX of t h i s  manual. 

3-146 T h i s  c o n t r o l  b i t  w i l l  be s e t  t o  "0" d u r i n g  p e r i o d s  of 
S t a n d a r d  Time (October t o  April u n d e r  p r e s e n t  law)  and to a "I" 
during p e r i o d s  when Daylight Savings Time is i n  e f f e c t  ( A p r i l  t o  
October u n d e r  p r e s e n t  l a w ) .  This b i t  w i l l  be changed a t  WWVB 
d u r i n g  t h e  24 h o u r  p e r i o d  p r e c e d i n g  2 : O U A M  E a s t e r n  time on t h e  
appropriate days. 

3 - 1 4 7  For users of t h e  Model  6 0 - D C  who a r e  using t h e  s y n -  
chronized clock w i t h  t h e  "HOUKS OFFSET" on t h e  rear pane l  s e t  to 
" O M ,  t h i s  c h a n g e  i n  t h e  W W V B  t i m e  code  w i l l  not c h a n g e  your 
displayed or outputted time. T h i s  w i l l  a l l o w  these  u s e r s  to 
continue t o  function i n  "UTC" which i s  unaffected by t h e  DST 
laws. 

3 - 1 4 8  For those users w i t h  t h e  "HOURS OFFSET" s w i t c h  on t h e  
rear p a n e l  in o t h e r  time settings, the Model  60-DC w i l l  automati- 
c a l l y  c o r r e c t  for t h e  c h a n g e s  in DST. Both t h e  d i s p l a y e d  time 
and any electrical output  of t h e  time will be changed t o  provide  
t h e  user w i t h  t h e  DST c o r r e c t e d  t i m e .  For those  users of t h e  
Model 6 0 - D C  l o c a t e d  in areas  which do not observe  United S t a r e s  
Daylight Savings T i m e ,  i t  w i l l  be necessary t o  change t h e  rear  
p a n e l  "HOURS O F F S E T t t  s w i t c h  t w  ice a y e a r  to cont inue to d i s p l a y  
t h e  correct l o c a l  time. 

3 - 1 4 9  Since WWVB inser t s  t h i s  b i t  a t  any time w i t h i n  t h e  24 
hour period p r i o r  t o  t h e  appointed 2:ODAM change time, i f  a user 
was to turn h i s  clock on prior t o  t h i s  2:OOAM time but a f t e r  the 
b i t  was i n s e r t e d ,  t h e  d i s p l a y  on t h e  60-DC w o u l d  be o f f s e t  by o n e  
h o u r  of t h e  cor rec t :  l o c a l  time. T h i s ,  of course ,  w o u l d  t h e n  be 
c o r r e c t  a t  2:OOAM l o c a l  t i m e .  For those u s e r s  who do n o t  power 
down a n d  power  u p  d u r i n g  t h i s  p a r t i c u l a r  time t h e  d i s p l a y  and 
outputted time w i l l  be corrected a t  2:OOAM a t  t h e  time zone for  
which y o u r  unit is s e t  by t h e  "HOURS OFFSET" swi t ch .  



3-150 12/24 V.D.C. SUPPLY (Special Order Option) 

3-151 The D.C. Supply Option is a v a i l a b l e  at e x t r a  c o s t  
and is i n s t a l l e d  i n  p l a c e  of t h e  s t a n d a r d  95-135 VAC 6 0 - 4 0 0  Hz 
power supply. This option allows the clock to operate from 
d i r e c t  current s o u r c e s  of a n o m i n a l  12 o r  24 VDC r a t i n g s .  The 
D.C. Supply option w i l l  operate w i t h  an input vo l tage  between the 
absolute limits of 11 and 32  V.D.C. The power required w i l l  be 
approximately 20 watts, depending on t h e  other opt  i o n s  i n s t a l l e d  
and t h e  i n p u t  current  w i l l  decrease as the i n p u t  voltage i n -  
creases. 

3-152 Power connection is  made through a p a i r  of "5 way 
b i n d i n g  posts" located  on t h e  r e a r  of t h e  u n i t .  They are  spaced  
3 / 4 "  a p a r t  to a c c e p t  the common "double banana plug",  The p o s -  
i t i v e  t e r m i n a l  is red and the negative t e r m i n a l  is b l a c k .  
Neither is connected to the  c h a s s i s  ground.  



SECTION IV 

THEORY OF OPERATION 

4-  1 BLOCK DIAGRAM - MODEL 60-DC 

4-2 Refer to Figure 4-1  below to ass is t  in the  clari- 
f i ca t ion  of the overall operation of the Model 60-DC as 
descr ibed  here. 

FIGURE 4-1 BLOCK DIAGRAM - MODEL 60-DC 

4 - 3  The Model 60-DC has been designed to provide time 
information synchronized with the National Bureau of 
Standards .  This is done by reading the time code s igna l  



transmitted by  r a a i o  station WWVB and us ing  this time in- 
formation to initially se t   he clock and using the  carrier 
frequency to derive the clock rate. 

4-4 As an overview, the Model 60-DC consists of several 
per iphe ra l  blocks operating under the  control of t he  central 
processor, a Motorola MC6802. 

4- 5 The Digital Board, Assembly 8 6 - 4 2 ,  consists mainly 
of program storage memory, read-write data storage memory, 
interface circuits and the 6802 processor. This  central 
processor is capable of communicating with the o the r  
functional blocks ,  receiving data and transmitting control 
s i g n a l s .  This  results in synchronizing the t i m e  outputs 
with t h e  signal as transmitted by WWVB. 

4 - 6  Zn synchronizing t he  time with t h e  WWVB signal, 
there are t w o  tasks. F i r s t ,  synchronizing the l o c a l  
standard with the  WWVB seconds, and second, decoding the 
time code received. These functions are accomplished by 
two-way c o m n i c a t i o n  between the  Analog Board, Assembly 
86 -41 ,  and t he  D i g i t a l  Board. 

4-  7 Contained on the  Analog Board is the circuitry 
f o r  synchronizing the l o c a l  seconds with those of the re- 
ceived carr ier .  This I Hz sync circuitry, under the con- 
trol of the  processor ,  sends a pulse coincident with the  
WWVB second t o  the central processor. This pulse is gen- 
erated af te r  averaging approximately 50 seconds of code. 

4-8 Also, contained on the Analog Board is the 60 kHz 
phase lock loop. This circuit provides the timing to 
keep the time scale locked to NES time af te r  t he  current 
time has initially been determined. The decoding 
circuitry sends the processor the  code value f o r  each 
second. Thus, the processor can determine if each 
second was a "0", "l", or ten-second marker "P". 

4- 9 Provisions have been made on the Analog Board f o r  
providing a rear panel ou tpu t  capable of dr iv ing  a 
remote display (q~s ing  an I R I G  B format). This output 
code is generated on the Dig i t a l  Board in a level  s h i f t  
form and sent to the Analog Board where i E  amplitude 
modulates a 1 kHz sine wave ca r r i ex .  

4-10 The Display Board, Assembly 8 6 - 4 3 ,  under t h e  con- 
trol of the processor, displays t h e  decoded time. The 
Display Board operates in a multiplexed mode with l e f t  
and right d i g i t  information. 



4- 11 Parallel BCD Time o u t p u t ,  RS-232 C and IEEE-488 
Interface are available on special  order. They are 
added to the Model 6 0 - D C  as an additional c i r c u i t  board. 
These assemblies utilize the same d a t a  a s  the display and 
proper  synchronizing signals. Please note that only one 
of these three options may be installed on any clock. 

4-12 R . F .  BOARD - ASSEMBLY 8 6 - 4 0  

4 - 1 3  The WWVB receiver circuit board supplies power 
to the active antenna and provides a controllable gain at 
60 kHz. The bandwidth is about +1 kHz, with two tuned 
stages and maximum gain at 60 kHz of 85 db. 

FIGURE 4-2 W B  RECEIVER, R.F .  BOARD 

4-14  ANALOG BOARD - ASSEMBLY 86-41 

4-15 The theory of operation of the Analog B o a r d  may 
best be understood by referring to the block diagram and 
the Assembly 86-41 Schematic in Section 6-6 o f  t h i s  manual. 

4-16 UI constitutes a 60 kHz gain stage with a fixed 
gain of 45 db. The ou tpu t  of U is rect i f ied ,  f i l t ered ,  
and fed back to the gain  contro l  input  of the R.F. Board 
86-40. This AGC loop maintains the output  of U at .5  to 
1.5V RMS over an antenna input signal range o f  .1 mv to 
10511 v. 

6 

4-17 The output  of Dl goes to the  60 kHz PLL comprised 
of the 7.68 MHz VCXO, t h e  d i v i d e r  chain U5 and U7, t h e  phase 
detector U3 and U4 and the loop f i l t e r  Ug. The c o n t r o l  range 
of the VCXO is +4 ppm. U5 is used to d i v i d e  the  7.68 MHz by 
2 f o r  the processor c lock  and signal by 128 and 64 to give 



60 kHz and 120 kHz. The exclusive OR gate U g  provides  a 90° 
phase shifted output at 60 kHz which d r i v e s  the balanced 
mixer U 3 .  This signal feeds  a balanced to single ended 
converter UqD whose o u t p u t  saturates at +30° (under  c lean 
signal cond~rions) . Ug is the  l o o p  f il t& with R , R44 and 
CL5 chosen to give va lues  of m= . 2 5  radians/secoia C = 1 . 7  
f o r  clean signal and wn- - 0 8  radians/second, 5 = . 6  f o r  noisy 
signal conditions. 

4-18 The bias and symmetry controls consist of t r i m  
pots, 8 4 0  and R46 .  These controls serve to null the 
drift r a t e  of t h e  l o o p  f i l t e r  under noisy and no signal 
conditions. 

F ~ , I : ~ ? ~ O ~ O I : ~  I I 
WTJVS ~ H B  1 ;:?.,-. ,-< I , L '  1 3.34 M3z T3 86-d2 
1 NI'LIT 

FECr4 

7.6RMHz VCXO 

I k113 tc AY86-42 

RlK' Pl7iiNG 

SAMPLE 

, - - -  - - - -  - - - 

OUT, 
ENmMPE INTEGRATO? 

->J-- 
A S S W L Y  86-41 
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86-42 

FIGURE 4 - 3  ANALOG BOARD - ASSEMBLY 84-41 



4- 19 The in-phase 60 kHz output from the div ider  
chain  goes to a second balanced mixer U , This mixer 
functions as a synchronous detector wit 2 i t s  balanced 
output converted to single-ended by U . R2 the en- 
velope bias adjust s e t s  the WWVB enve fC ope ou&t to 
Zero (referenced to +5 volts) for no signal input. 

4- 20 IWVB Phase Lock detection is accomplished by 
u 4 ~ .  This stage compares the f i l t e r e d  envelope voltage 
with a fixed reference level to determine if phase lock 
is maintained w i t h  WdVB. A low output: on P i n  if7 in- 
dicates phase l ock .  

4-  2 1  The output of Us is a 1 kHz waveform phase- 
locked to WWVB. This waveform goes to t h e  Dig i ta l  
Board 8 6 - 4 2  and is counted, forming t h e  basic  timing f o r  
the c lock .  

4 - 2 2  To o b t a i n  1 Hz synchronization the WFJVB envelope 
is sampled by a bank of capacitors, implemented by analog 
multiplexers U15and U1 . Reference to Figure 4-4 may 
a i d  in clarification o $ this function. 

f brt  SJM'. PULSE 

FIGURE 4-4 1 HZ SYNC. - TIMING DIAGRAM 



4 - 2 3  Figure 4-4 represents the action of the 
I Hz sync. c i r c u i t  during Mode 1 opera t ion .  Mode 1 
operation seeks to synchronize the clock to WWVB w i t h i n  
+50 ms. During Mode I, only 10 of the 16 capacitors  are 
used. The W E  envelope is repeatedly connected, through 
R 7 5 ,  to each capaci tor  during the same tenth of the 
second f o r  a t o t a l  of  about 40 scans. Each capac i to r  
thus accumulates about 4 seconds of time connected to 
W B .  The charge pa t te rn ,  due to the W B  signal, on the  
capac i to r s  grows with each scan, while no i se  tends to 
average to zero. 

4-  24 The WWVB time code is such that the envelope is 
always high  f o r  2/lOths second before t h e  exact second 
and a l w a  s low f o r  2/10ths of a second after the exact 
s e c o d u r i n g  the remaining time in any second it may 
be e i t h e r  high or low. It is this drop in envelope 
level which the  1 Hz synchronization c i r c u i t r y  seeks to 
find. 

4-  25 As the multiplexer repeatedly scans the capac- 
itors, the charge pattern that builds reflects t h i s  drop 
in envelope; the capacitor t h a t  is scanned j u s t  before 
the drop occurs accumulates more charge than the  capac- 
itor scanned just after  the drop in envelope level. This 
drop is de tec t ed  by comparing the charge on each capac- 
itor with that on the pxevious capaci tor  as remembered 
by t h e  sample and hold U21. When the diffeience exceeds 
a reference level, the I Hz sync. pulse generated informs 
the processor that t h e  envelope drop has occurred. 

4 - 2 6  The reference level for the above mentioned com- 
parison is the sum of t w o  p a r t s .  One is a f i x e d  level 
and the other is proportional to the WWVB s igna l .  The 
fixed level prevents fa lse  synchronization when the s ig -  
na l  from W B  is not present, while the proportional 
p a r t  enables the synchronization time to remain about 
constant regardless of rhe WWVB signal level. 

4-27 A similar process is repeated when the scan step 
rate is incressed  to 10ms. and Lms. to progressively re- 
f ine  the agreement of the clock t i m e  w i t h  that of the 
WWVB envelope drop. For the f i n e r  resolut ion scans, a l l  
sixteen capaci tors  are used, This allows extra margin 
f o r  each scan window, which is needed when the W B  
second occurs at +5 scan steps from the clock second. It 
should be noted  that this algorithm provides an affect ive  
signal bandwidth that is independent of the noise band- 
width,  provided enough scans occur. 



4-28 A f t e r  ehe clock has been synchronized with the 
WWVB second, the time code s t r i p p e r  comes i n t o  p l a y .  
Figure 4 - 5  depicts this time code recovery operation, 

FIGURE 4-5 BLOCK DIAGRAM- TIME CODE RECOVERY 
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4-29  U138 AND respectively sample the high and 
the low portlons of t e WWVB envelope. This sampling 
produces averaged high and low values of VH and VL. The 
difference between VH and VL is the basic  measure of 
signal level used to derive the time code. 

52, V; & t ~ h  

4- 30 The mean value of VH and VL is used in con- 
junction with the WWVB envelope to produce a voltage 
s h i f t e d  version of the envelope. This signal swings 
equally in both directions about the  reference level. 
This "normalized envelope" drives an i n t eg ra to r  which is 
reset f r o m  .O to .2  of each second. From . 2  to . 8  
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seconds, the time code information is transmitted and 
the i n t e g r a t o r  weights it all equally.  At time . 8  
seconds, the output of the integrator constitutes a b e s t  
estimate of the  value of the current seconds code character .  
Digitizing of this estimate is done by comparison with 
VH-VL in an e f f o r t  to eliminate signal level  dependence. 

4- 31 Since the integration time constant is % the 
integration interval, the integrator output  at 0.8 
seconds is -4X(Normalized Envelope Voltage) in the ab- 
sence of n o i s e .  The "Normalized Envelope Voltage" is the 
signal at p i n  7 of U ~ Q B  This amounts to 2 ( V H - ~ b )  for  
a "P", zero f o r  a "1" and -2  ( V H - V ~ )  f o r  a log ic  " . The 
reference level for the "P" comparator is +(VH-VL) and 
for the "0" comparator is -(VH-VL). These levels are 
automatically midway between the levels they a r e  meant to 
distinguish, 

4- 32 R 6 9  is provided as a "1" bias adjustment which 
allows nulling of the  offset  vol tages  of Ulog and U1ZD. 

4 -33  Ull is an output  b u f f e r  used to convert the 
0 to I O V  op.  amp. outputs to 0 to 5V logic  levels for use 
by the Digital Board.  Ul7 and U 8 a re  used a s  input  buffers 
which c o n d i t i o n  the Digital Boar 2 outputs to a 0 to IOV 
swing as required by the Analog Board. 

4-  34 D I G I T A L  BOARD ASSEMBLY 8 6 - 4 2  

4-35 See Sec t ion  VI f o r  schematic of the digital 
board. The d i g i t a l  board utilizes a M6802 microprocessor 
as the central processor. The processor controls data 
flow over a multiline bus in a typical microprocessor 
configuration as a controller, stored program memory, 
read w r i t e  data memory, and input/output i n t e r f ace .  U2, 
U3, U4 are  the 110 in terface devices. A11 communications 
w i t h  the other areas flow through them, U12, U13 are type 
2114 rams and comprise the readlwrite memory used for  
storage of program variables. US, U7, 2716 e-proms are 
used for program storage. U9, U10, U11, U15, TTL, MSI 
chips perform address decoding to d i rec t  data flow to and 
f r o m  the proper devices. U14 genexates a reset pulse to 
ensure orderly start of operating at turn on. 

4 - 3 6  The function of the 86-42 board is determined 
w i t h i n  a wide range, by the  program stored in U5-U8. It 
is beyond the scope of this document to describe in d e t a i l  
the operation of this program, however, a general out l ine  
is provided in the software section to aid in understanding 
of the clock's behavior. 



4-37 U2, Uj, and U4 are Motorola MC6821's (PIA's) 
which are used to interface the constantly changing buss 
lines to the external portions o f  the Model 60-DC. 

4-38  T i m i n g  is generated wi th in  the 6802 which divides 
the 3.84MHz i npu t  clock signal by 4 and generates the 
required timing signals. 

4-  39 U14 provides a reset signal on powering up the 
D i g i t a l  Board while Ug, U l ~ ,  U11 and U15 perform address 
decoding. 

4-40  If the reader  is interested further in the op- 
era t ion  of the microprocessor and its assoc ia ted  chips, 
he should refer to literature available from Motorola 
which more fully describes the operation of the  MC6802. 

MC6820 PIA MC682U PIL 

COMMUNXCATTINS 
CPU OPTIr IN:  

ADDRESS, DATA AYD CONTROL BUSS RS 232 
68172 I%EE 388 

PAmLLEL BCD 

TORAGE RAM 

ASSEMBLY i? 6- 4 2 

FIGURE 4-6 DIGITAL BOARD- ASSEMBLY 86-42 



4 - 4 1  D I S P L A Y  BOARD - ASSEMBLY 86-43 

4- 42 The display assembly is d e p i c t e d  in the block 
diagram, Figure 4-7 below. Each p a i r  of d i g i t s  is 
selected, one p a i r  at a time. When a given pair is 
selected, the appropriate d i g i t s  are presented (in BCD) 
to the 7-segment decoder dr ivers  U1 and U2. These I.C.'s 
then illuminate the proper segments in t h e  selecced 
d i g i t  pair. Each millisecond, a new p a i r  of digirs is 
selected, making a complete scan in 5 milliseconds. 

F I G U R E  4-7 BLOCK DIAGRAM- DISPLAY BOARD 

4-43  The l e f t  digit information associated with the 
hundreds of days is also used f o r  control functions. It 
is used to cont ro l  the WWVB "LOCK" LED, the colons, and 
the blanking of the d i s p l a y .  These control functions are 
exercised via a 4 b i t  latch (U3). 

4-44 POWER SUPPLY 

4- 45 See Section f o r  schematic of power s u p p l y  
assembly. 

4-46  The power supply i t s e l f  is a standard design and 
needs no explanation. 

4-47 The reset c i r c u i t ,  U6, senses ripple on either of 
t h e  +5V s u p p l i e s  and generates a negative going pulse  which 
goes to the reset f l i p - f l o p  on Assembly 8 6 - 4 2 ,  fo rc ing  a 
program reset as long as r i p p l e  is resent on either +5V 
line, This protects against erra t ic  operation during 
times of low line voltage.  



4-48 REMOTE DISPLAY DRIVING (IRIG 3) 

4 - 4 9  The Remote Display ( I R I G  B Time Code) is gen- 
erated on the  Digital Board in a level shift form and 
converted to an amplitude modulated lkHz form on the  
Analog Board. 

4 -50  The IkHz carrier is generated by means of a 
weighted sum of 10 outputs f r o m  Us, each of which goes 
high for 100 psec. in each millisecond. Through sui table  
weighting of the  contribution of each successive L O O p  sec .  
interval, an approximateion of a lkHz sinewave resul ts ,  
Low pass filtering removes most of the harmonics created 
by this generation technique. U modulates th is  carr ier  
and since both t h e  carrier and d i u l e t i o n  are synchronous 
with the WWVB signal, they are synchronous with each other. 
Modulation level changes occur at positive zero crossings 
of the car r i e r ,  insu r ing  a g l i t ch - f r ee  output .  

4-51 The Model 60-DC is de l ive red  with t h e  IRlG B 
code output in the amplitude modulated lkHz format. To 
change to a level s h i f t  format, remove the lid and locate 
the two  switches in t h e  r i g h t  rear corner of the analog 
board  (86-41). Note that only one - switch is to be on at a 
time. For  a level s h i f t e d  form, turn off "AM" and turn on 
"TTL" . 

FIGURE 4-8 BLOCK DIACRAMF REMOTE DISPLAY DRIVING OPTION 

4- 52 PARALLEL OUTPUT OPTION ASSEMBLY 86-44  

4- 53 The parallel output option provides l o g i c  level 
output  of the same time as  shown on the display. It does 
this by demultiplexing the di sp lay  data l i n e s  and latch- 
ing the data in a buffer consisting of U19-U27. On the 
second, the data in this buffer is strobed in to  the out- 



put buffer, U10-U18. The data in the oucput buffex is 
sent to the outside world thru  drivers U1-U9 to provide 
increased drive capability. 

4- 54 A millisecond c o u n t e r ,  U31-U33, together  with 
d r i v e r s  U28-U30, provide milliseconds ou tpu t ,  and also 
control loading of  time i n t o  the output  buffer. This 
counter  is synchronized w i t h  MBS time via the " t i m e  ok" 
line thru trigger l a t c h  U 3 5 .  

4- 55 The function of U37 and  its associated circuit- 
ry, is to provide either an edge or a level f o r  controlling 
sampling of the BCD output lines. U36  is an ou tpu t  d r iver  
f o r  several miscellaneous outputs, A timing diagram, 
showing the relationship of the I kHz line to the  data 
ou tpu t  lines is shown i n F i g u r e 3 - 3  to assist in reading the 
lines during the rime when they are s t ab l e .  

4- 57 See Section VI f o r  schematic af  Assembly 86-46 .  
Ul, a Motorola MC6850 ACIA, handles the conversion be- 
tween processor bus data and s e r i a l  data. U 4  and U5, 
line dr iver  and receiver type 1488 and 1489 respectively, 
convert between NMOS and BS232 signal levels. U6, a 
Moeorola MC 14411 BAUD ra te  generator w i t h  YI provides 
an assortment of clock rates, one of which is selected by 
S 2  to drive the ACIA. U 3 ,  a 74LS138 decodes addresses, 
to direct  information flow, while U2, an 81LS96, permits 
reading of the o p t i o n  switches, Sl. 

4- 58 Use of this option is covered in Section 3-60.  

4-60 See Section VI for schematic of Assembly 86-47.  
The IEEE-488 ( G P Z B ,  HPIB) interface uses UI, a Motorola 
MC68488 GPIA,  to handle the handshaking and o t h e r  bus 
management activities. Interface to the bus is t h r u  
U4-U7, MC3448 bus transceivers, with U4, a 74LS138, pro- 
vides address Cecoding, while U2, an MC6821, allows 
reading the device address switches, and sending and re- 
ceiving external t r i g g e r s .  

4-  61 Use of t h e  o p t i o n  is under program contxol and 
is descr ibed separately.  See Section 3-98. 

4 -63  IRIG-H Time Code is generated by the 6802 micwo- 
processor. The signal path is thru U3 p i n  39 and buffer 
transistor Q 5 .  The voltage swing is 0 to 5V. The timing 
is descr ibed  in Sect ion  XII. 



SECTION V 

MAINTENANCE AND TROUBLE SHOOTING 

5 - 1  MAINTENANCE 

5-2 The Model 60-DC has  been designed to provide 
maintenance free o p e r a t i o n  f o r  many yea r s .  The instrument 
contains on ly  seven adjustments, most of  which will never 
require resetting. The adjustments are :  two tunable c o i l s  
in rhe R. F. B o a r d ,  W V B  Envelope B i a s ,  WWVB Phase Lock 
Bias ,  WWVB Phase Lock Symmetry and an adjustment f o r  s e t -  
t i n g  the VCXO center frequency.  

5 - 3  Alchough it is highly unlikely that any of t he  ad- 
justments in t h e  Model 60-DC will require r e s e t t i n g  for 
the  life of the  instrument, the procedure f o r  each adjust -  
ment is i n c l u d e d  be low.  All of t he  following adjustments 
can be performed with an oscilloscope, a signal generator 
capable of outputting 60 kHz at about 1 mv and an antenna 
for receiving the signal from WWVB. 

5-4 R . F .  BOARD TEST ( 8 6 - 4 0 )  

I .  Ground AGC l ine  to 86-40  Board, P i n  2 on 
86-42 Assembly. 

2. I n j e c t  6OkHz (AC coupled) i n t o  antenna i n p u t .  
S e t  the generator level such that the output 
just  saturates - t hen  reduce by k. 

3 .  Adjust cores f o r  mas. output. 

MIALOG BOARD ALIGNMENT (86 -  41) 

(Note: Analog Board Tests are performed with 
scope ground at +SVDC. BE SURE SCOPE IS FLOATING,) 

ENVELOPE TRIM 

With the  signal i n p u t  o f  the 86-41 Board shorted 
(p ins  3 & 4 )  view T.P. AC w i t h  scope and a d j u s t  
R23 fo r  an output of -20mv. (scope reference @ 
+5VDC. ) 

VCXO ADJUSTMENT 

Remove input ground and supply W B  to antenna 
input .  With T . P .  AD on scope, s e t  t he  ceramic 
trimmer (C22) f o r  a voltage of -2V ( w i t h  refer- 
ence @ +5V) This adjustment should be done in 
very small steps allowing several seconds for t h e  
long t i m e  constant of the  loop to s t a b i l i z e .  If 



phase lock cannor be obtained by t h i s  method, 
it w i l l  be necessary to use a frequency counter 
to s e t  the VCXO. Using a high impedance probe, 
a t t a c h  probe to the c o l l e c t o r  of Q 2 ( 2 3 6 9 ) .  Ad- 
j u s t  the ceramic trimmer to provide  7,680,010Hz 
output  on counter. The u n i t  should now phase 
lock .  (The long R-C time constant of the loop 
may be circumvented by a momentary short between 
T.P. "AD" and T.P. "AK", which discharges C 1 5 . )  
After phase lock, a slight adjustment of  the 
trimmer will move the control voltage t o  the de- 
sired -2VDC level. 

5-8 PHASE LOCK BIAS 

While viewing T.P. AD, remove antenna and shor t  
p i n s  3 & 4 of h a l o g  Board. A d j u s t  R40 f o r  zero 
v o l r s  d r i f t  (<100mv/min,) 

5-9  PHASE LOCK SYMMETRY 

Remove short from pins  3 & 4 .  Connect scope 
ground to T. P .  AN and v iew T.P .  AM w i t h  unit - n o t  
phase locked. Adjust R46 for a symmetrical swing 
above and below the ground reference. 

5-10 CODE BIAS ADJUSTMENT 

Reconnect to antenna and allow unit: to sync through 
Mode 5 - trigger scope on the  rising edge o f  1Hz 
(T.P. AE) and observe T.P.  AF (scope reference 
+5VDC). A d j u s t  t r i m  pot R69 such chat  the "P"s 
are as high as the "0"s are l o w  - and the "1"s 
should be at the reference level (+5V). 

5-12 If a f a i l u r e  of the Model 6 0 - D C  occurs, it is re- 
comended that t h e  unit be returned to the factory for 
repair. Due to t h e  nature of t h i s  microprocessor-based 
instrument, fLeld repair by unfamiliar personnel may be 
very difficult. If it is n o t  p o s s i b l e  to return the unit 
to the factory  t he  following section as well as the 
SCHEMATICS (SECTION VI) and THEORY OF OPERATION (SECTION 
IV) of this manual may be of assistance in locating the 
cause of a malfunction. F i r s t ,  w e  will cover the most 
common problem areas to assist in isolating general mal- 
functions and second, probable  causes of various observed 
malfunctions w i l l  be covered. 



5-13 ANTENNA INSTALLATION 

5-14 As mentioned in Sectian 2-8 the  most impor tan t ,  
yet most: overlooked factor  in proper operation o f  the 
Model 60-DC is p r o p e r  selection of a site and i n s t a l l -  
ation of the W B  antenna. Without a proper  antenna in- 
stallation the  signal from the transmitter will not be 
received and the  unit cannot poss ib ly  function properly. 
in many cases " jus t  to t r y  it out" (when the A-60FS 
antenna is used) an attempr will be made to operate the  
unit w i r h  the antenna i n s i d e  of a building* This ,  as  
often as no t ,  results in inability to phase lock to the  
s i g n a l ,  In some cases phase lock may be ob ta ined ,  but  
t h e  low signal level in chese cases w i l l  be too l o w  f o r  
the unit to read the time code information. Thus, t h e  
display will not  l i g h t  or may require extremely long 
periods of time to read two time frames properly and 
turn on the display. 

5-15 After the antenna installation has been com- 
p l e t ed ,  connect the instrument to the proper  power 
source. Turn on the power switch and the colons should 
l i g h t ,  turn o f f  for $ second and on again, remaining on. 
Looking down in the  display window,below each pair of 
digits should be a f a in t  flickering light (display 
"keep al ives") .  This will i n d i c a t e  that the micro- 
processor  is scanning t he  display assembly. Within 50 
seconds the " W B  LOCK" LED on the panel will l i g h t  and 
within f i v e  minutes the display should Light indicating 
the proper time. If any of the above indicat ions  
fails to occur the following sections w i l l  be of 
assistance in loca t ing  t h e  malfunction. 

5-16 POWER SUPPLY 

5-17 The f i r s t  area to verify i n  any troubleshooting 
approach is t h a t  the power supply is operating properly 
and that no circuit board or component is drawing the 
supply  voltage down. If no i n d i c a t i o n  of operation is 
evident f r o m  the  front panel, check to be certain that 
the AC source is operational. Next, remove and test 
the fuse on the rear panel. When these are determined 
to be o p e r a t i o n a l ,  remove the top  and bottom covers on 
t h e  Model 6 0 - D C  and refer to Section VI forschematics 
and Parts L i s t s  of the Power Supply (Assembly 8 6 - 5 2 ) .  

5-18 The output  voltages from the power supply 
should be within +5% of the spec i f i ed  values. A low 
supply voltage can be caused by a defective par t  on t he  
Power Supply Assembly or by components in other  parts 



of the instrument drawing excessive power from the 
supply. Disconnect t h e  flat cable  connected to the 
power s u p p l y  board and check the voltage again. If 
the supply voltage remains low, the problem is a 
component on the Power Supply Assembly. A common 
problem on o t h e r  assemblies will be an integrated 
c i r c u i t  which has failed and is drawing excessive 
current .  These normally can be located by touch since 
they will be very hot.  Disconnection of each circuit 
assembly in tu rn  may aid in locating an assembly 
which is drawing excessive power. 

5-19 Too high a voltage noted on a power supply 
o u t p u t  is an indication that a problem exists on the 
Power Supply Board. 

5-20 WWVB SIGNAL 

5-21 If the power supply is operating properly, the 
colons light and t h e  keep alives are flickering ( a 
s o l i d  light in only one or two is an indication of im- 
proper microprocessor opera t ion) ,  the W B  signal as 
seen by the receiver should be checked. This W B  s ig-  
nal can be viewed with an osc i l loscope  connected to T,P. 
AJ in the  left rear corner  of  Assembly 8 6 - 4 1 .  The WWVB 
signal, more f u l l y  described is Section IX of t h i s  
manual, consists of a 60 kHz R . F .  carrier which is amp- 
litude modulated, dropping in level by 10 db once/second. 
On the next page are pictures of t h i s  signal in a very 
clean s t a t e  and a state showing a very noisy  condition. 
When viewing the 60 kHz carrier on the scope you must be 
a b l e  to vaguely see the 60 kHz carrier with the 1 Hz drop  
in carrier level. If this can be seen through local  
n o i s e  interference,  the 6 0 - D C  will be able to decode the 
time information. If only hash and noise s p i k e s  at ran- 
dom t i m e s  and rates are seen, it can be ce r t a in  that the 
antenna or R.F.  assembly are not  operating prope r ly .  See 
Section 5-5 for a descr ip t ion of the  alignment procedure 
f o r  the R. F. Receiver which will check it for operation. 
The antenna operation can be checked as descr ibed  in 
Sect ions VII and V I I I ,  



VERY CLEAN WWVB SIGNAL 

POOR SIGNAL FROM WWVB 

SIGNAL FROM W W V B  NOT V I S A B L E  - N O I S E  ONLY 

5-22 MICROPROCESS3R ASSEMBLY 

5-  23 The first  indication that  the Digital Board- 
Assembly 86-42 is not operating properly is t h a t  the 
keep alives in the display will not be flickering. One 
or two will be b r i g h t  spots and the  remaining will not 
be lit, the  problem l i e s  in the Assembly 86-42. The 
f i r s t  area to check is t h a t  the assembly is receiving its 
"clock". This  comes from the Analog Board and is suppl ied  
on P i n  L .  This p in  should have a 3 . 8 4  MHz TTL level 
signal. The 7.68 MHz oscillator can be seen on Assembly 
86-41 ,  U5 P i n  ill. The second area to examine f o r  fa i lure  



is t h e  1 kHz which comes from the Analog Board on P i n  X. 
This 1 kHz interrupt has a 90% duty cycle. If- it is 
found t h a t  both the 1 kHz and 3.84 MHz signal are op- 
erating properly and the display keep alives do not 
f l i c k e r ,  t h e  problem lies in t he  Digital Board. Check 
t h i s  assembly to be certain that the I.C.'s are t i g h t  
in the socket and that there are no shorts on the  
board.  It is possible that conductive l i n t  could  s h o r t  
between the close traces on this board.  Further 
troubleshooting of this assembly should be referred to 
those familiar with the operation of microprocessors. 

5- 24 ANALOG BOARD 

5-25 If the above mentioned sections appear to be 
operating properly,  a brief fnspection of various 
sections of the Analog Board may i s o l a t e  the difficulty. 
Look at the WWVB envelope with a scope, Connect a scope 
to t e s t  po in t  "AC" and connect the scope ground to the 
t ab  of the 5 volt regulator (U24) in the left rear 
corner of this assembly. (Make sure chat the scope is 
floating.) This signal may have noise super-imposed 
and will drop from high to low on the second. Inter-  
fer ing signals will not generally have a code on them 
which will make them distinguishable from t he  W B  signal. 

5-26 If the unit has los t  phase lock and the signal 
from WWVB is present, the  phase lock  can be adjusted as 
described in Section 5-7 of this manual. When t h i s  unit 
has phase locked t o  WWVB the 1 Hz lock can be checked. 
With the  scope triggered by T.P. "AE", look at the WWVB 
envelope T.P. "AC". This envelope should d r o p  in level 
0.2 seconds after the sweep starts. Watch the 1 Hz 
sync. progress to higher precision by watching the output 
of 9 P i n  #6 (CA3130). After inicial turn-on this 
shoul hop around in 0.1 second steps f o r  about a minute, 
It should then reset to +5 volts reference and another 
scan of I h s .  s t e p s  should bu i ld  up right around the 0.0 
second. After another minute, it resets and the I.Oms./ 
s t ep  starts. This takes longer, and times out to reset 
at 2 minutes if this level of sync.  is not achieved. 

5- 2 7 With a l l  of the above functioning as described, 
the unit will turn on displaying the correct time. Below 
is a list of p o s s i b l e  observed symptoms and their related 
causes to assist in isolating specific problems. 



SYMPTOMS AND POSSIBLE CAUSES 

"WWVB LOCK" LED does not light 
a. Poor antenna installation causing lack 

of signal. See Seetion 5 - 1 3 .  
b. Analog Board Alignment 
c .  Other integrated circuits in t h e  above 

areas not prope r ly  operating. This 
could be d e t e c t e d  by i n a b i l i t y  to make 
adjustments s p e c i f i e d  above. 

d .  LED defective 

2. "WWVB LOCK" LED remains on f o r  over 40 sec-  
onds af ter  the antenna is disconnected. 
a .  Envelope bias trim pot incorrectly ad- 
justed, see Section 5 - 6 .  

3 .  When the unit is turned on the  colons do 
not light. 
a .  Unit not connected to power source. 
b .  Fuse blown. 
c .  Power Supply f a i lu re ,  see Section 5-16. 
d .  Digi ta l  Board not functioning, see 

Sec t ion  5-22. 
e .  Broken wire to the  Display Board Assembly. 
f. Two or more LED'S in the display not  

operational. 

4 .  Unit turns on properly as described, after 
a period of operat ion the d i s p l a y  goes off 
(one digit may remain lit) and the keep 
alives are not flickering. 
a. Failure as descr ibed  in Section 5-22 
caused by heat build-up in the instrument or 
in one I.C.. 

5 .  When the unit is turned on t h e  "WWVB LOCK" 
LED lights p r o p e r l y ,  the colons light, but 
t he  d i s p l a y  never turns on indicating the 
time. 
a. Analag Board Alignment. 

(check 1 Hz s y n c , )  

6 .  When unit "Times In", the display lights 
proper ly  but digits displayed are n o t  
corxec t (every other d i g i t  incorrect or 
like segments not lighting properly). 
a.  If a w i r e  to the Display Board from the 

D i g i t a l  Board is broken, the same b i t  of 



every other  digit will be af fec ted .  
b .  If the d i s p l a y  drivers (DM8880) 

are not operating the  same segments 
of every other  digit will not be 
operating. 

c .  If only one segment of one digit is 
not operating, that segment may be 
burned o u t .  This can be seen 
visually. 

7 .  If che d i s p l a y  blinks (after 24 hours), t h i s  
is an indication of n o t  remaining phase locked 
to the transmitter. See Section 3-8 for proper  
operational description of this feature, 
a. Analog Board Alignment, see Section 5 - 5 .  

8. Parellel Time Output lines are no t  correct .  
These lines should agree w i t h  the d i sp lay  as  
they are driven in parellel  with the d i s p l a y .  
a. See Parellel BCD Putput  option Schematic in 
Section 111 and trace defective l i n e s  to f i n d  
inoperative 1 , C .  or other failure on Assembly 
86-44.  

9. Remote Display Driving Output (IRIG B) in- 
operative. 
a. Check to see that a level s h i f t  I R I G  B 

code is coming from Assembly 86-42 to 
Assembly 86-41 on Pin #R of the edge 
connector. 

b. Check U17, U22 and U Z 4  for proper oper- 
ation. 

c .  Be sure that either IRIG B switch is on, 
but not both. 

5-30 This concludes the Troubleshooting Section o f  the 
manual. If the above information has not resulted in repair 
of the instrument, please contact the factory fo r  assistance. 



SECTION VI 

SCHEMATICS AND PARTS LIST - MODEL 6@DC 



6-1 SYMBOL DESIGNATION REFERENCE 86-40 

C 1  27-8-25 Cap. Alum Electro. 1hf 25Vx 
C2 27-8-25 Cap. A l m a  Electro, lOuf ?5V* 

24-1 Cap. Po lys t  ene lOOOpf 
C4 C3 32-29 Cap.  Tant. cf 

27-1-50 Cap. Alum Etsctr0, luf 50V** 
C 5  C6 24-1 Cap. Pwlystyrene 10OOpf 
C7 36-83 Cap. Monolithic . Oluf 
C8 27-1-50 Cav. A l m  Elecrro. luf 5OVM 
C9 12-29 ca;, T a m .  luf ' 

ClO 21-1-50 C a p . A l u m E l e c r r o , l u f 5 0 V * *  
C11 27-1-50 Cap. Alum ELectro, luf 50V** 

*Cap.Tant. 22uf L5V can be uued 
**Cap.Tant. 1 . k f  15V can be uued 

Ll 42-3 Coil R.F. Assembly 
L2 42-2 Coil R . F .  Assembly 

-PWB 85-40 Printed Wiring Board 

1 7 5 - 1  
" 1 7 5 - 1  

RCA 840822 
92 RCA 8408L2  

Rl 2-85 Rea . Carbon 3.3K 
R2 2-  125 Res. Carbon 150K 

2 - 5 9  Rea.  Carbon 270ohme 
W R3 2-177 Reg. Carbon 22H 

2-49 '' 2-145 
Rea. Carbon LOOohms 

A6 Res. Carbon 1.OMeg 
8 7  2-177 Ran. Carbon 22Meg 
RB 2-59 Res. Carbon 270otms 
R9 2-65 Reu. Carbon 070otme 
R10 2-49 Res. Carbon 100otuns 

Note: A 1 1  Reaistoru are kW+_5% 

6-2 PARTS LOCATION-ASSEMBLY 86-40 









TRUE TIME 
PART 

27-8-  25 
36-95 
27-8-25 
32-45 
36-95 
36-95 
36-95 
32-29 
3 6 - 9 5  
36-95 
36-95 
27-8-25  
2 7 - 8 - 2 5  
36-83 

DESCRIPTION SmBOL TRUE TIME DESCRIPTION 
PART # 

Cap. Alum ELectro, lOuf 
Cap.  Monolithic, O.luf 
Cap, Alum Electro, lOuf 
Cap. Tant 22uE 15V 
Cap. Monolithic, O.luf 
Cap. Monolithic, O.luf 
Cap.  Monolithic, O.luf 
Cap. Tant l.Ouf 1 5 V  
Cap. Monolithic, 0 , l u f  
Cap. Monolithic, 0,luf 
Cap. Monolithic, O.luf 
Cap. A l u m  Electro, louf 
Cap. Alum Electro, lOuf 
Cap. Monolithic, .Oluf 
Cap. Palyesrer 3.3uf 
Cap. Monolithic 4 7 0 p f  
Cap. Alum Electro, lOuf 
Cap. Monolithic, O.luf 
Cap. Dipped Mica 220pf  
Cap. D i p p e d  Mica 6 8 p f  
Cap. Dipped Mica 33pf 
Cap. Cer. Trimer 412Cpf 
Cap. Dipped Mica ZOpf 
Cap. Monolithic, O.luf 
Cap. Tant PPuf 15V 
Cap. Tant 22uf 15V 
Cap. P o l y e s t e r  3.3115 
Cap.  A l u m  ELectro, lOuf 
Cap. Alum Electro, lOuf 
Cap. Alum Electro, lOuf 
Cap. Alum Electro, louf 
Cap.  Polyester .33uf 
C a p .  Polyester .33uf 
Cap. Polyester .33uf 
Cap. Polyester .33uf 
Cap.  Polyester .33uf 
Cap. Polyescer .33uf 
Cap. Polyescer . 33uf  
Cap. Polyester .3311f 
C a p .  Polyester .33uf 
Cap. Polyester .33uf 
Cap. Polyester .33uf 
Cap. Tolyester .33uf 
Cap, Polyester ,33uf 
Cap. Polyester .33uf 
Cap. Polyester . 3 3 u f  
Cap. Polyester .33uf 
Cap. Monolithic .OrlLuf 
Cap. D i p p e d  Mica 68pf  
Cap. Pionali thic,  .Oluf 
Cap. Monolithic, 0. luf 
Cap. Monolithic .003uf 
Cap. Alum Elecrro. lOuf 

Dl 57-1 Diode IN4148 
I ; Z  5 7 - 1  Diode IN4148 
D3 3 5 - 1 2  Varicap Mv2112 

JPR 3 1 7 - 1 2  Jumper, 1 2  w i r e  

PWB 55-41 Printed Wiring Board 

C I  175-4 Transistor w s  3702 
Qz 175-3 Trans i s to r  M P S  2369 
Q3 175- 2 Transistor 2N3904 

Resistor, 
Resistor, 
Resistor, 
Resistor, 
Resistor, 
Resistor, 
Resistor, 
Resiscor. 
Resistor, 
Resistor, 
Resistor, 
Resistor, 
Resistor, 
Resistor, 
Resistor. 
Resistor, 
Resistor, 
Re5 is t o r ,  
Resistor, 
Resistor,  
Resistor,  
Resistor, 
Trim Pot. 
Resistor, 
Rcsistor , 
Resistor, 
Resis tor ,  
Resis tor ,  
Resiscor. 
Resiscor, 
Resistor, 
Resistor, 

Carbon 100  ohms 
Carbon L O O  o h s  
Carbon 1M 
Carbon 4.7K 
Carbon 680K 
Carbon SlOK 
Carbon I O K  
Carbon 1K 
Carbon I OK 
Carbon 4 . 7 K  
Carbon 4.7K 
Carbon 4.7K 
Carbon LOOK 
Caxbon 300K 
Carbon LOOK 
Carbon 330K 
Carbon 1M 
Carbon lOOM 
Carbon 1M 
Carbon LM 
Carbon 3C1K 
Carbon 3.3H 
, lOOK(BEK-72PPTR) 
Carbon 2 . 2 K  
Carbon 2.2K 
Carbon 4 . 7 K  
Carbon 4 . X  
Carbon & , 7 K  
Carbon 4.7 K 
Carbon 4 . 7 K  
Carbon 4 .  7K 
Carbon 47K 

NOTE: All resistors a r e  ~ a t t ? 5 %  

* Cap.Tant l.Ouf 1 5 V  can be used 
** Cap-Tant I?uf 1 5 V  can be used 

6 - 6  SYMBOL DESIGNATION REFERENCE 86-41 



DESCRIPTION SYMBOL TRUE TIME 
PART # 

DESCRIPTION TRUE TIME 
PART # SYMBOL TRUE TIME 

PART # 
DESCRIPTION 

Resistor, Carbon 47K 
Resistor. Carbon 2.2K 
Resistor, Carbon 2.2K 
Resistor, Carbon lOOK 
Resistor,  Carbon lOOK 
Reeis zor , Carbon 4.7t.I 
Trim Pot., 100K(BEK-72PMR) 
Besiator,  Carbon 620K 
Resistor, Carbon 620K 
Resistor. Carbon 22M 

Resistor, Carbon 2 . W  
Resietor, Carbon 330K 
Resistor, Carbon 10K 
Resistor, Carbon 1 K  
Resistor, Carbon 1K 
Resistor, Carbon 4.7K 
Resistor, Carbon 62K 
Resistor,  Carbon 62K 
Resistor, Carbon 1.5E 
Resistor, Carbon 1.5M 
Resistor, Carbon lOOK 
Resistor,  Carbon 120K 
Resistor, Carbon 6.5M 
Resistor, Carboa 200K 
Resistor, Carbon 160K 
Resistor, Carbon 5bK 
Resiator ,  Carbon LM 
Resistor.  Carbon 51K 
Resistor, Carbon 56K 
Resistor, Carbon 7 5 K  
Resistor, Carbon 1 M  
Resistor, Carbon 7 5 K  
Resiacor, Carbon 1.60K 
Re~istor, Carbon 15K 
Resistor, Carbon 4.7K 
Resistor, Carbon 33K 
Resistor,  Carbon l O O K  
Resistor, Carbon 200K 
Resistor, Carbon 200K 
Resistor, Carbon 56K 
Resisror, Carbon 100 ohms 
Resistor, Carbon 4.7K 
Resistor, Carbon L .  7K 
Resiacor, Carbon 10K 
Resistor,  Carbon 4.7K 
Resistor, Carbon 620K 

Switch 1 Poe.Dip 
Switch 1 Pos.Dip 

I.C. RCA itC3130 
I.C. Mot. MC1496L 
I.C. Mot. MC1496L 
1.C. Nat. LM3ZS 
1 . C .  RCA 4024 
Z . C .  RCA 4030 
I.&. RCA 4017 
I.C. RCA 4017 
I.C. RCA tC3L30 
Z.C. Nat. LY324 
I.C. RCA 4049 
1.C. Nat. M 3 2 b  

Resistor, Carbon 4.7M 
Resistor, Carbon lOOK 
Trim Par.  , 100K(BEK-72PME) 
Be~iatar, Carbon 47K 
,Resistor, Carbon 100 ohms 
Resietor, Carbon 680 ohms 
Resistor, Carbon 1.5K 
Resistor,  Carbon 270K 
R e s i s t o r ,  Carbon 680 ohms 
Resistor,  Carbon 270K 
Resistor, Carbon 2.2M 
Resistor, Carbon 4.7K 
Resistor, Carbon h7K 
Reaiator , Carbon LOOK 
Resistor, Carbon lOOK 
Resistor, Carbon lOOK 
Resistor, Carbon lOOK 
Resistor, Carbon lOOK 
Resistor,  Carbon lOOK 
Resiator. Carbon 4.7K 
Resistor, Carbon 47K 
Resistor, Carbon 47K 
Resistor, Carbon I O O K  
Resistor. Carbon LOOK 
Resistor, Carbon LOM 
T r i m  P o t . ,  lOOK(BEK-72PMR) 
Realstor. Carbon ZOOK 
Res is tor ,  Carbon 200K 
Resistor, Carbon LOOK 
Resistor, Carbon 5.6 ohms 
Resistor. Carbon 270  ohms 
Resistor,  Carbon 22M 

I . C .  RCA 6016 
1 . C .  RCA 4016 
1 . C .  RCA 4051 
I.C. RCA h051  
L.C. Nat .  M3900 
I . C .  N a t .  LM3900 
I.C. Nat. LM3900 
L.C. RCA 3140tor 3130)  
I.C. RCA 3140Ior 3130) 

UZO 
U21 
U2 2 I . C .  Nat. ~ 3 2 4  

I.C. RCA 4016 
1.C. FSC 7805UC 
I.C. FSC 7805UC 

Crystal 7.680MHZ 

NOTE: A l l  resistors are + a t t  25% 

6 - 6  SYMBOL DESIGNATION REFERENCE 86-41 CONT 



6-7  PARTS LOCATION-ASSEMBLY 86-42 6-8 SYMBOL DESIGNATION REFERENCE 86-42 

SYMBOI, IRUE T M E  
PART U 

Cap. Tant. l.0uf 3 J V  
Cap. Monolithic . l u f  
Cap. Monolithic . l u f  
Cap, Monolithic . l u f  
Cap. Monolithic . luf 
Cap. Monolithic . luf 
Cap. Monolithic .luf 
Cap. A l m  Electro lOui 25V 
Cap. Monolithic . luf 
Cap. Alum Electro  lOuf ?5V 
Cap. Monolithic . luf 
Cap. Monolithic .luf 

Cap. Tant 22uf 15V m v  
be used 

Diode, 1N41LB 
Diode, 1N4148 
Diode, IN4148 

NOT USED 
Socket. Socket. 10 16 Pin F i n  I I C .  C .  

Socket. t l  P l n  I .C.  
Socket, 26 Pln  I.C. 
Cqnneccor. 10 I l n  Male 
NOT USED 
Socket. 12 P i n  S t r ~ p  
Socket. LZ P i n  S t r i p  

JPR 3L7-14 

Transintor. Translator, MPS37a: 2U390L 

Traneis tor. 2H3904 
Tranaiator. 2H390C 
Transintar. 213304  

Psaiaror Carbon 2.2M 
Reaistor Carbon 510M 
Remiscor Carborl Z M  
Resistor Carbon 3 . 3 K  
Resistor Carbon 3 . R K  
Realstor Carbon 3.3K 
Resiator Carbon 1K 
Resistor Carbon 3.3K 
Res.Carbon lOOK STP 
Reb.Carbon 1OOK SIP 
Ras .Carbon 10OK SIP 
Resistor Carbon 3.3K 
Resistor  Resistor Carbon Carbon 3 . 3 K  3 . 3 K  

Resistor Carbon 3.3K 
Resistor Carbon 3.3K 
are 1/4U + 5% 

R15 2 -d5  
R16 2 - 3 5  
Nore: A 1 1  resistors 

S1 6 5 - 1  
52 63-2 
33 6 3 - 2  

U 1  176- 68C2 

Switch, 1 Pos. D i p  
S w i t c h  10 Por .  Rotary 
Switch 10 Pos.  Rota?. 

I.C. Motorola #MC6802 

I.C. I.C. Motorola Motorola BMC6821 AMCh811 
I. c. ~otoroia kc6ai i 
I.C. I n t e r  82716 
NOT I'SED 
NOT USED 
NOT USED 
I . C .  :ILS13a 
I . C .  i u L S 1 3 P  

I . C .  ~niii-#:llq 
I . C .  Intel B Z l l u  
1 . c .  AOlL 
I.C. 71LSI3P 

PWB 85-42 Printed W i r i n g  Eoard 





6-10 SYMBOL DESIGNATION REFERIZNCE 8 6 - 4 3  

SYMBOL TRUE TIME DESCRIPTION 
PART # 

C1 36-58 Cap. Monolithic .OOluE 
CZ 36- 58 C a p .  Monolithic .DO:uE 
C3 36-58 Cap. Monolithic .DOluf 
C 4  36-58 Cap. Monolithic .001.uf 
C5 36-95 Cap. Monolithic . l u f  
C6 36-95 Cap. Monolithic .luf 

Dl 58-4  LED, Red. H.P. #5082-4684 
D2 58-4 LED, Red, H . P .  85082-4684 
D3 58-1 LED. Red. H . P .  85082-bhRb "... 

D4 5 6 - L  LED. Red. H.P. 35082-4684 
D5 58-4 LED: ~ e d :  H . P .  85082-4684 
D6 58 -4  LED; ~ e d ;  H.P. # 5 0 8 2 - L 6 8 4  

58- 3 
D7 58-1 

LED. Green 
D8 LED, Green 

W E  85-43 Princcd Wiring Board 

175-MPS A43* Transieror MPS A43 
175- 2N4889 Trane istor 2Nh889 
175-MPS A43* Transistor MPS A43 
175-2W889 Transistor 2H6889 
175-KQS A43* Transistor WS A43 
175-2134869 Transistor ZN4885 
175-MPS A&3* Transistor MPS A43 
175-2N4889 Transietor 284889 
175-MPS A43* Transiator MPS A43 
175-2N4889 Transiator 2N4889 
175-2 Tranais tor  2N3904 
175-2 Transis tor 2N3904 
175-2 Tranaietor 2B3904 
175-2 Transirtor 2N3904 
175-2 Transistor ZN3904 

SYMBOL TRUE TIME DESCRIPTION 
PART % 

R1 2-81 Rep. Carbon 2.2K 
R 2  2-117 Re.6. Carbon b4K 
R3 ; - l o 5  Res. Carbon 22K 
R4 L - 1 3 6  Res. Carbon 430K 
R5 2-93 Res. Carbon 6.8K 

2-117 R e a .  Carbon 68K 
R6 R7 2-105 Res. Carbon 22K 
RP 2- 136 R e a .  Carbon C30K 
R 9  2-93 Res. Carbon 6.8K 
R10 2-117 Res. Carbon 68K 
K11 2-105 Res. Carbon 22K 
R12 2-136 Res. Carbon b30K 
R 1 3  2 - 9 3  Res. Carbon 6.8L 
R 1 4  2 - 1 1 7  Res.  Carbon 6SK 

* Motorola O n l y  

SYMBOL 

U7 

Note: A1 

TRUE TIME 
FAR7 I 

.1 reeistors 

DESCRIPTION 

Res. Carbon 22K 
R e a .  carbon 430K 
Aes. Carbon 6.8K 
Res. Carbon 6RR 
Res. Carbon 22K 
Res. Carbon 430K 
Res. Carbon 6.8K 
Res. Carbon 2 .  2K 
Res. Carbon 2 .  Z K  
Res. Carbon 1 M 
Res. Carbon 1 FI 
Res. Carbon 1 M 
Aes. Carbon 1 M 
Res. Carbon 33K 
Re*.  Carbon 33K 
Res. Carbon 33K 
Res. Carbon 33K 
Res. Carbon 15on 
Res .  Carbon lOOR 
Re&. Carbon 15Qn 
Res. Carbon 33K 
Res. Carbon 1002 
Res. Carbon 1OOo 

1 . C .  National #DM8880 
1.C. National %DM8880 
I . C .  RCA 1%042B 
Digit D l s p t a y ,  Beckman SP352 
Digit D i a p l a y ,  Beckman SF352 
Digit D i a p l a y ,  Beckman SF352 
Digit Dirplay, Beckman SP353 

are 114W 5% 
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6-13  PARTS LOCATION-ASSEMBLY 86-44 SYMBOL DESIGNATION REFERENCE 

TRUE TIHE 
PART 8 

DESCRIPTION 

Cap. Monalichic .fiClluf 
C a p .  M n a  1 ithic . OOluf 
Cap. Monolithic .OOLuf 
Cap. Monolichii .00Luf 
Cap. Monolithic .OOluf 
Cap. Monolithic .OdLuf  
Cap. M o n o l ~ t h ~ c  .OOLuf 
Cap, Monolithic .OOLuf 
Cap. Dlpped Mlca LOOpf 
Cap. Monolithic 470pt  
Cap. M o n o l l t h ~ c  0 .  Luf 
Cap. Monolithli 0. Luf 
Cap. HonoLFtl~Fc fi. luf 
Cap. Monolithic 0. luf 
Connector 50 P l n  D 
1 6  P i n  1 . C .  Conneccat 
Jumper 
Jumper 
Jumper 
P r i n t e d  Wiring Board 
Rea. 5 .  I. Package 100K 
Res. Carbon 19K 
Res. Carbon LDK 
R e a .  Carbon 33K 
Rss. Carbon 10K 
Res. S.T.P. 4 . 7 K  
R e s .  Carbon 2 2 X  

'rs are 1/4W 5% 
- 2  ( S p e c i a l  Orde r  Only) 

I.C. RCA f4050 
I . C .  RCA #4050 
I .  C .  RCA %LO50 

R10 
R l l - R 1 7  
R18 

NO t 
*Opt i o n  

: e :  All resistc 
replacing JPR, 

I.C. RCA f4050 
I . C .  RCA %4050 
I. C. RCA %405fl 
1.c. RCA #4050 
I. C .  RCA 64050 
I. C. RCA #4050 
I.C. RCA a4042 
I . C .  RCA df4042 
I.C. RCA $4042 
I . C .  RCA 84042 
I.C. RCA #4042 

I.C. RCA A4042 
I . C .  RCA #4042 
I.C. RCA I 40 l r2  

U19 
UZO 
U 2 1  

I. C . RCA #4042 
I. C .  RCA 84042 
I. C. RCA 64042 
I. C. RCA i l b 0 ~ 2  
I . C . RCA #4 042 
1.C. RCA P4042 
I.C. RCA 64042  
I . C .  RCA P4042 
I . C .  RCA #4050 
I. C . RCA 84050 
I. C . RCA 64050 
I . C .  RCA #40162 
I.C. RCA 840162 
I .C.  RCA #40162 
I. C . RCA #4049 
I . C .  RCA 14013 
1 . C .  RCA #4050 
I. C . RCA 14001 





6-16 PARTS LOCATION-ASSEMBLY 8 6 - 4 6  6-17 SYMBOL DESIGNATION REFERENCE 86-46  

SYMBOL TRUE TIME DESCRIPTION 
PART # 

NOT USED 
NOT USED 

~3 NOT USED 
C4 36- 95 Cap. Monolithic . luf  
C 5  36-95 Cap. Monolithic . l u f  
C 6  36-95 cap. Monolithic . luf 
C7 36-95 Cap. Monolithic . l u f  
C 8  36-50 Cap. Monolithic 4 7 0 p f  
C 9  36-50 Cap. Monolf thic 470pf 

JL 372-25P Socket 25 P i n  'D' 
52 NOT USED 
53 386-40 Connector, Male, 4 0 p i n  
54 385-40 Connector , F e ~ l e ,  40pin 

JPR-1 317-12 Jumper % 
JPR-2 2-0 Jumper 
JPR-3 2-0 Jumper 
JPR-4 NOT USED 
JPR-5 387-40 Cable,40 cond, 10" long 

FWB 85-46 P r i n t e d  Wiring Board 

91 175-4 Transistor, MPS 3702 
Q2 175-3 Transistor, MPS 2369 

R1 2 -  169 Res. Carbon IOM 
R2 NOT USED 
R3 NOT USED 
R4 NOT USED 
R5 NOT USED 
R6 NOT USED 
R7-R13 11-121 Res. S.I.P. lOOK 
R14 2 -  121 Res. Carbon lOOK 

S 1 65-8 S w i t c h ,  8 Pos.  SPST D i p  
S 2  6 5 - 8  Switch ,  8 P o s .  SPST D i p  

U 1  176-6850 I . C .  6850 
U2 176-81LS96 I . C .  81LS96 
U 3  176-74LS138 X.C.74LS138 
U4 176-MC1488 I. C. MC1488 
U5 176-MC1489 L.C. MCA489 
U6 176-MC14411 I.C. MC144lI 

Y1 59-1843.2 Crystal L.8432 MHz 
Note: All resistors are 1/LW 5 %  





6 - 2 0  PARTS LOCATION-ASSEMBLY 86-47 6-19 SYMBOL DESIGNATION REFERENCE 86-47 

SYMBOL TRUE TIME DESCRIPTION 
PART f! 

CL 36-95 Cap. Monolithic .Luf 
C2 36-95 Cap. I b n o l i t h i c  . lu f  
C3 36-95 Cap.  Monolithic . l u f  
C4 36-95 Cap. Mdnollthic .luf 
C5 36-95 Cap. Monolithic . l u f  
C b  NOT USED -- 
C7 NOT VSED , 

C8 36-95 Cav. Monolithic .luf . . 

C 9  36-95 Cap. Monolithic . l u f  

Dl 5 5- 1 Diode IN5231 

Jl 3 3 8 - 2 4  Connector, 2.h F I N  

JPR-  L 2- 0 Jumper 
JPR- 2 317- 12 Jumper * 
JPR- 3 3 8 7 - 4 0  Ribbon Cable 40 

Cond. 10" long 
PWB 85-47 P r i n t e d  Wiring Board 

Ql 175-2 Transistor 2N3904 

R 1 - R 7  11-89 Res. S. I. Package 4.7K 
R8 2 - 8 9  Res. Carbon 4.7X 
R9 2-105 Res. Carbon 22K 
R10 2 - 8 9  Res. Carbon L.7K 
R11 2-105 Res. Carbon 21K 
R L 2  2-89 Res. Carbon 4 . 7 K  

51 65-8 Switch, 8POS SPST D I P  

U1 
u2 
U3 
u4 
u5 
U6 
U7 
i I  8 
U9 

Note: A l l  

L 76- 3448 I.C. 3h48 
176- 3448 I . C .  3448 
176- 3GL8 1.C. 3448 
176-3448 I.C. 3448 
176-74LS04 I. C .  74LS04 
176-68488 1. C.  68488 

NOT USED 
176-74LS138 I.C. 74LSL38 
176-6821 I.C, 6821 

resistors are 1/bW + 5% 





6-23  SYMBOL DESIGNATION REFERENCE 86-48 

SYMBOL TRUE TIME DESCRIPTION 
PART 

26- 20 Cap. Dippled  Mica 220pf 
36- 95 C ~ D .  Monolithic .lmf 
26-20 cap. Dippled  Mica 220pf 
36-58 Cap. Monolithic .001uf 
36-95 Cap. Monolithic .luf 
36-95 Caw. Monolithic .luf 
32-45 cab. Tant. .22uf 
36-95. Cap. Monolithic . l u f  
36-58 Cap. Monolithic ,001uf 

5 7 - 1  Diode IN4148 

86-48 P r i n t e d  Wiring Board 

175- 2 Trans is t o r  283904 

Resistor, Carbon I M  
Resistor Carbon 1K 
Resistor, Carbon 10K 
Resistor, Carbon 2.2K 
Resistor, Carbon 22M 
Resistor, Carbon 2.2M 
Resistor, Carbon 1OH 
Resistor, Carbon 10K 

Note: All Resistors are *W+5% 

176-74LS90 I . C .  74LS90 
17 6- 4001 I.C. 4001 
-17 6-4016 I.C. 4016 
176-4013 I.C. 4013 

6 - 2 2  PARTS LOCATION-ASSEMBLY 86-48 





6-25 PARTS LOCATION-ASSEMBLY 86-52 6-26 SYMBOL DESIGNATION REFERENCE 86-52 

SYMBOL TRUE TIME DESCRIPTION 
PART # 

Cap. 
C a p .  
Cap. 
Cap.  
Cap. 
Cap. 
Cap. 
Cap. 
Cap. 
C a p .  
C a p .  

Electro 20uf 2OOV 
Electro 2000 uf 15V 
Alum Electro,  lOuf 25V 
Alum ELectro, lOuf 2 5 V  
Electro 400uE 50V 
Eleccro 400uf 50V 
Alum Elecrro, lOuf 25V 
A l w  Electro, lOuf 25V 
Monolithic . luf 
Monolithic . l u f  
Monolithic . luf 

Dl 5 7 - 3  Oiode IN4005 
D2 57-3 Diode IN4005 
D3 5 7 - 3  Diode IN4005 
Bi 57-3 Diode 1NC005 
D 5  NOT USED 

Diode 1Nb002 
Diode 1Nk002 
Diode 1M4002 
Diode 1N4002 
Diode IN4002 
Diode IN4002 
Diode IN4002 
Diode IN4002 

Socket, 7 P i n  S t r i p  
Socket, b P i n  S c r i p  

J P R - 1  2 - 0  Jumper 
J P R - 2  2-0 Jumper 
TUB 8 5 - 5 2  P r i n t e d  Wiring Board 
91 175-2 Trans is tors 2N3904 

Resistor Carbon 330K 
Reaistor Carbon 1 . S K  
Resistor Carbon LOMEG 
R e s i s t o r  Carbon 100K 
Resistor Carbon l O D K  
Resistor Carbon 4 . 7 K  
Resf stor Carbon 4.7K 
Resistor Carbon 10K 

Transformer 

I.C, +5V Reg. FSC 7805UC 
I.C. +5V Reg. FSC 7805UC 
I . C .  +12V Reg. FSC 78M12 
1 .C. -12V Reg. FSC 7912UC 
1 . C .  79L05 
1. C . RCA #CA3130 

Cap. Tanr 22uf 15V, Part 832-55 may be u s e d  

Note: A l l  res istors  are 1/LW f 5t 





6-28 PARTS L O C A T I O N  - ASSEMBLY 8 6 - 5 3  6 - 2 9  SYMBOL D E S  IGPdATION REFERENCE 8 6 - 5 3  

SY,<BOL TRUE T I E  DE5CUIPTIOX 
PART B 

32-29 Ca? 1 Ouf 1 
32-29 l .Ouf  
32-29 Cap 1 Ouf Tanr. 
32-45 Cap. 22uE Tanc- 
53-rO0-50 Cap, uOOui SOY A l m ,  E l e c t r o  
.3-4CO-S0 Cap. LOOuf SOY Alum. E l e c t r o  
23-4700-25 Cap. 4700uf 25V AIum. E l e c t r c  
23-20-L3C Ca?. 2Duf 200V Alum E l e c t r a  
36-95 Cap. 0 .  luf W n o l i t h i c  
24-13 Gap. .P lu f  Polystyrene 
32-65 Cap. ZZuf Tsnt. 
36-50 Cap. 1 7 Q f  U o n o l i t h i c  
36-50 cap 47apf H o n o l l t h i c  
36-83 Cap. .31uf h n o l i t h i c  
36-86A cap. ,OZuf, lOOOV C e r m i c  
36-866 Cap.  .02uE, lOOV Ceramic 
YOT C'SED 
36-83 Cap -OluZ Uonolithic 
36-58 Cap. OOluf Monol i th ic  
36-58 Cap. .OOluf H0701Lchi~ 
36-Q: Gap - 0 s l u f  f lono l i ch ic  
36-78 Cap. .0056uf E(ono11thic 
36-58 Cec. .USir;f Elonu l i tb ic  
36-23 C s p ,  . O I - l f  I$lno:I t l l l c  
i3-1300-I* Cap-  1003cf 50V A l u m .  L l e s r r q  

d - 1 3 G L  4e11c:<jr .  L  or l l W + > ;  Sdrbom 
2 - 9 7  Rea l e t q r .  LOK VJ5f C a r b m  
2 - L 3 1  k . L r r o r .  1 J K  tW+ZZ Carbon 
1-4; P.aLst?r .  I JP tUciI. 5arb.n 
ZG-g P o t .  > .OX C e m t  
1 0 - L R - 3  P r r L n t ? ~ .  O lvhm JU 'A <arbon 
2 - 2 7  P*siarur.  3 h h m  tU+?X Carbon 
2-:J U r r i r c o r .  123hm tWZ S a r b ~ n  
8 -LOVL P.eaLmtor. 1 OK l t l t S f  C a r P m  
P-  iOOl P.m. ~ e r v r  1 OK L19U*>1 Sacban 
I-P" P.eaLaror  L 7K t l+Sz  Carban 
I-* raa L l r o r .  LOOohm &l+SX C.rholl 

"OT USE0 

~ - e  
RI ' 
RIF 

R u r  
K r l  
I<"? 
R u l  

CZS 
C25 

Diode,  10OV IN1431 
3 iode .  lOOY IN4934 
3 1 3 d t .  IJS820 
Diode,  630V Yt14837 
3 l o d e ,  IN51H6B 
3 i o d a .  IN5391 
NOT USED 

7 -  J iode  103V 194914 
NOT USED 

5 1-4148 Dlode .  INLlAa 
57-414a Diode,  IN4148 
57-b lda  > lode .  1 ~ 4 1 ~ 8  

J 1  318.14 St:ly Connector (cut i a t c  b m 
conduc to r  p i e c e s )  

J2 318-1L S t r l p  Comect~r  (cut i n t o  6 6 ; 
conduc to r  p i e c e s )  

1 S c r e w  b - j i x C ~ ~ ~ g . T . 4 n 5  
1 7 2 - 2  Inrulmtor, H l r a  
2 1 7 - 2  Spacar : ~ r c ~ l r  bqard G ~ p p o r r  
a:->> P r l n r c d  C r r c u l r  chard 
i o b -  I 1  I r a r h m r  3our,t lng 
110-1  Imemg h t r  lh td )  
1 1 0 - 2  E~narr .g  bar 191.cr) 
>L1- l .u  Fuse, S l o  Blo 2.0 amp 
270-0-2 Soacer. Kash-Awav 

L1 43-6 Go11 A s s y .  Induc to r  (42-5P) 
Lz c j - 6  Coi l  A e s y -  1nduc:or ( 4 : - J S !  

9 1  175-3404 T r a n s i s t o r  iY3904 
!7S-Db4K11 T r a n s i s t o r  Yowcr N P N  Du*I!ll 
~ 7 5 - 3 9 0 b  T r a n s i s t o r  ZN3PO4 

34 175-3404 Tranbiacor 253904 
232-1 T i e  '<rap 
NOTE The 5ol lowiny  i t ems  are omitced 
o r  added whmn t h e  DC Power . uoe lv  i r  

$w + l Z  Carbur- 
.r 53:. carbon 
LtSU+52 Carbon 
l I S C l + S i  Carbon 
W+54 Cerbon 
LtMSZ C a r b c n  
$WR Carbon 
,/gW+j% Carbon 
l l 8 + 5 1  Carbon 
YHX Carbon 

Power P l u g  
P . 2 .  Board Assy ?over Sopply 
Uire . p2OlnlC. Yellor 
Y i r e ,  + Z O W G .  V i o l e t  a )  

aA 
R 1  
P  1'J 
PLL 
P I <  
e l ,  
R1L 
ill; 
R l b  
91 1 

Add - 
m - 2 0 -  2 
315-20-0 

Wire. $20A'n'G, l l a c k  
U l r r .  PZOAVG, Xed 

~ < 3 ; d r 3 7  .Illohm t W 5 Z  Cerbon 
Re*  r g r d r .  L.dK 1IBWTSI Carbon 
R u L a r a r  LllY hWfK Carbon For 4 2  315-22-2 

315-22-10 
315-22-4 

U l r e ,  21 AWG. h d  (Base) 
Y i r e .  22 M C ,  Blk ( C o l l e c t o r )  
d i re .  21 AWC, Ye1 (Emitter) 

- -  . 
K s r ~ . ; o r .  lOK i w T 5 i C e r b o o  
R d l  r a r a r .  LOOK l/8W+5% Carbon 
R d i i d t ~ r .  L.0K l/BWFZX Cerbon 

For 2: b UZ 315-22-2 
115-22-10 
315-22-4 
403-2-3 

Xn'lro. 2 2  AYC. Red ( I n p u t s )  
L'iro, 12 AUK. U l i  (Gndsl 
? i r e ,  C~nneccor  22  MAC, Block, re1 3 (Output.$) Pin 

k r  l d c d r ;  I .  3U kW5% Carbon 
t d r L r c o r ,  L o o o h  k#+5K Cerbon 
Ba l  Lsrar * .  7K kU+- Carbon 
~ s g ~ a t c r :  1. OK I ~ B ~ S ' .  Carbon 





6 - 3 1  REAR PANEL ASSEMBLY 2 2 0 - 3 0  

b - 3 2  PARTS L I S T  2 2 0 - 3 0  

ITEM TRUE TIME DESCRIPTION qTY 
PART NO. 

1 216-30 Rear Panel 1 
2 365-1 Fuse Holder 1 
3 342-1 Power Socket and Line  Filter 1 
4 61- 1 Thumb Wheel Switch 1 
5 375-1 BNC Connector 3 
6 2 5 6 - . 3 7 5  S o l d e r  t u g ,  . 3 7 5 "  I . D .  2 
7 255-4-4 S p a c e r ,  4 - 4 0  x &" Threaded 1 
8 240-4-2 Screw, 4 - 4 0  x k" Long PHMS 1 
9 240-4-3 S c r e w ,  4-40 x 318" Long PHMS 4 
10 253-4 Washer 84 F l a t  1 
11 265-4  Lockwasher #4 Internal 6 
12 2 5 2 - 4  Nut  4 - 4 0  Hex 4 
13 277-2 Spacer, Circuit  Board. y' Lg 2 
14 241-6-2 Screw, 6-32 x t" Long PHMS 4 6 - 3 3  PARTS L I S T  2 2 1 - 3 0  
15 2 7 7 - 6  Spacer, Circuit Board 3 /8"  lg 2 
16 HOT USED 
17 NOT USED ITEM TRUE TIME DESCRIPTION 

PART NO. 
QTY 

18 61-2 Thumb Wheel (+ and - )  I 
19 134-24 Wiring Harness (not shuwn) 1 
20 274-1 Plug. Hole A /  A 

1 215- 30 Sub-chassis 
2 

1 
2 1  241-6-5 S c r e w ,  6-32 x 5 / 8 "  tong FWS 2 277-2 Spacer, P .W. b a r d  t" Long b 
22 2 5 5 - 6 - 2  Spacer,  6-32 x t" Long A l u m  2 3 2 4 1 - 6 - 2  S c r e w ,  6-32 x v  Long FHnS b 
23 363-,750 F u s e . 3 A G . 3 1 ~ A  L 4 240-6- 2 Screw, 6-32  x +" Long PHllS 2 

5 277-6 Spacer, P.W. Board, 3/8" Lg. 2 
6 253-6 Washer, #6 Flat 2 
7 282-1 Adhesive, h c k t i t e  
8 73- 18 Grommet .  Rubber 

A I R  
1 

6 - 3 4  SUBCHASSIS ASSEMBLY 221-30 ,."I 



6 - 3 5  MODEL 60-DC FINAL ASSEMBLY 1 5 1 - 3 0  



7-15 MAINTENANCE 

7-16 The antenna tuning box Model A-60LW should not: 
require service under normal operating conditions as it 
conta ins  no active devices. Tf  it should become evident 
that the unit is defec~ive, it is bes t  to return t he  
tuning box to t h e  f ac to ry  f o r  repair .  

7-17 I f  it is not possible to return the unit, the 
end w i t h  the connector can be cut open w i t h  a small 
knife. After repair is complete, the end can be reseal- 
e d  with comon PVC cement. The schematic and parts l i s t  
is included below to ass is^ in f i e l d  repair. 

Figure  
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ANTENNA INSTALLATION AND SERVICE MANUAL 

MODEL A-GOLW 

7-1 INTRODUCT I O N  

7 - 2  The Model A-6OLW antenna is normally used in 
areas in which the  signal strength is very weak or where 
noise  interference problems exist. The first  s t e p  in 
installation of your antenna is to check the  nameplate on 
the unit and be cer ta in  you use the correct instructions 
f o r  t he  antenna you have received. The installation in- 
structions for the A-6OLW are below, and the instructions 
f o r  the  Model A-6OFS arc found in Section VIII. 

7-3  EQUIPMENT REQUIRED TO I N S T A L L  MODEL A-6OLW ANTENNA 

(All equipment must operate a t  installation site) 

-AC Voltmeter capable of reading 0.3 volt full scale at 
60 kHz. 
-Signal generator capable of 60.0 kHz w i t h  6-7 v o l t s  P-P 
or an audio o s c i l l a t o r  w i t h  the  same capabilities. 

-Large variable capacitor (to 1500 p f )  or decade capaci- 
tance box c a p a b l e  of increments of 100 p f .  

-Soldering iron. 

7-4 INSTALLATION PROCEDURE 

7-5 #1 - After the model of your antenna is determined 
to be A-60LW, the  next s t e p  is the installation of the 
receiving w i r e .  T h i s  antenna u t i l i z e s  as i t s  s igna l  re- 
c e i v i n g  device a length of antenna w i r e ,  200 feet of w i r e  
is suppl ied with the antenna k i t .  The antenna wire, when 
installed should be a m i n i m u m  of 75  feet, but if space is 
available a longer length would give a larger capture area 
and thus a stronger signal. The longer w i r e  will a l so  
result  in a better signal-to-noise ratio. In determining 
the orientation of the  wire, the installer must first as- 
cer ta in  the compass heading f o r  F o r t  Co l l ins ,  Colorado 
from the  installation site. This can be found using the 
Great Circle Map found in Section XI of this manual. 
When the compass heading has been determined the antenna 
must p o i n t  d i r ec t ly  at Fort C o l l i n s .  Once the direction 
of orientat ion has been determined, the w i r e  should be 



a minimum of two o r  three feet above the roof or ground. 
Height above the ground is o f  no particular concern, and 
t h e  two o r  three feet is adequate. Be cer ta in  not to 
bend t h e  antenna around any comers in an e f f o r t  to make 
it l o n g e r ,  as t h i s  will cancel ou t  p a r t  of the signal 
received on t he  correctly oriented section of t he  Wire. 
(See the  drawing on the following page . )  

7-6 {I2 - Attach t he  tuning box (PVC tube) to one of 
t h e  supports on one end of the w i r e  jusr installed. 
Mount the tube in such a way that moisture is least likely 
to en t e r  the tube .  The unit has been sealed at the  
factory and is relatively water resistant as long a s  care 
is taken in mounting it w i t h  the  terminals f a c i n g  down- 
ward.  

7-7  /I3 - Solder the w i r e  antenna j u s t  i n s t a l l e d  to the 
terminal marked "A". The connection to rhe w i r e  may be 
at any p o i n t  on its l eng th ,  but the distance from t he  an- 
tenna wire to the tuning box should be k e p t  LO a minimum. 
Connect che remian1 on t he  antenna marked "G" to a good 
solid ground, using the excess antenna wire and the 
grounding clamp supplied. It is a b s o l u t e l y  essential 
that this ground is provided .  

7-8 #4 - The physical installation of the unit is now 
complete and all that is required is the tuning of t he  
system for  maximum reception of the 60 kHz signal. 
Connect the  AC voltmeter to the output  BNC on t he  antenna, 
Adjust the  generator to 60 kHz using a counter to set the 
output accurately. Connect t h i s  generator t o  an 
auxiliary antenna which can be a length of 50 foot long 
hook-up w i r e  laid near t h e  long w i r e  previously installed. 
When this antenna is f e d  with 7 to 8 v o l t s  P-P of 60 kHz 
from t he  oscillator it will provide a loca l  source of  
60 kHz strong enough to overcome any l o c a l  no i se  at t h i s  
frequency and strong enough to read on the  voltmeter. 
Connect t h e  variable capac i to r  across terminals "A" and 
"G" of the tuning box. Set the trimmer capacitor in the 
tuning box to its midpoint  in capacitance, the m a x i m m  
is marked by alignment of the two red d o t s ,  Tune the 
large variable capacitor or decade box until a sharp  peak 
is noted on the  AC volt meter*. Log the reading obtained 
on the voltmeter for reference later. Remove the vari-  
able capac i to r  or decade box and substitute a dipped mica 
capacitor f o r  its exact value. After the dipped mica 
capacitor is s o l d e r e d  in place  of the  removed capac i to r ,  
t r i m  the trimmer in t h e  tuning box fox peak reading on 
the voltmeter. Compare the reading now on the voltmeter 
w i t h  that logged earlier. If the antenna is now in tune, 



the readings will be i d e n t i c a l .  If the  two readings are 
no t  in agreement the tuning should be rechecked to de- 
termine if maximum has been achieved. 

+NOTE: I F  A SHARP PEAK CANNOT BE FOUND ON THE: AC VOLT- 
METER REFER TO THE TROUBLESHOOTING PORTION OF 
THIS MANUAL. 

7-9  # 5  - This completes the installation of  the 
antenna. It is recornended t ha t  RG-58/U be used as lead- 
in coax. 

7-10 TROUBLESHOOTING MODEL A-60LW 

7-11 #I - In ve ry  rare instances of an extremely long 
antenna w i r e  o r  a long w i r e  to a ground source, it may be 
found that it is not p o s s i b l e  to tune the antenna as 
previously described. This is due to the antenna-ground 
system resonating at a frequency lower than 60 kHz. If 
t h i s  symptom arises ,  f irs t ,  check the ground connection, and 
if this appears to b e  in good condition, do the following: 

a, Tune the generator dr iv ing  the source antenna 
to a frequency lower than 60 kHz and see if a 
sha rp  peak can be found. 

b .  I f  this is found, return the generator to 
60 kHz and connect the variable capacitor in 
series with the antenna and the P i n  "A" on the 
tuning box. 

c. The normal tuning procedure can now be accom- 
plished using t h i s  series tuning capaci~or. 

7-12  /I2 - Check the  ground connection. This should be 
as shor t  as possible to a good graund source. 

7-13 GENERAL 

7-14 After tuning the antenna, if W B  is not present 
on the receiver at the R . F .  Test P o i n t :  

a. Be certain that the antenna w i r e  is pointed 
toward Fort C o l l i n s ,  Colorado. 

b. Checkfor a defective lead-in coax. 
c. Try grounding the receiver case. 
d .  Moisture causing the antenna to become de- 

tuned by grounding out  the antenna wire. 
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SECTION Vlll 

ANTENNA INSTALLATION AND SERVICE MANUAL 

MODEL A*6OFS 

8-1 INTRODUCTION 

8-2 The Model A-60FS antenna is normally used in 
areas where rhe signal strength of W E  is 100 vv/m or 
above. It is often used in applications which require it 
to be p o r t a b l e  due to frequent mving of an ins t a l l a t ion .  
The first s t e p  in installing your antenna is to check the 
nameplate on the unit and the model number to be ce r t a in  
you are using the correct instructions fo r  the antenna 
you have received. Model A-6OFS instructions are below 
and the instructions f o r  Model A-60LW are in Section VrI. 

8-3 Model A-60FS antenna has been specifically design- 
ed for operation w i t h  receivers manufactured by True Time 
Insrrument Company. The factory should be consulted be- 
fore connecting the antenna to any other receiver. 

8-4 INSTALLATION 

8- 5 The installation of the antenna Model A-6OFS re- 
quires only that the direction of Fort Collins, Colorado 
be determined and that the antenna be mounted horizontally 
as high in the air as is p rac t i c a l .  The antenna is pro- 
vided w i t h  a fitting which will allow it to be mounted on 
the end of a pfece of common one-inch p i p e .  (I" Male Iron 
Pipe Thread) Once the unit is mounted, it should be. 
directed such that: the tubing points 90° from Fort C o l l i n s ,  
Colorado. (The direction of Fort Collins can be determined 
by using the Great Circle Map included in this manual.) 
This orientation will allow the incoming signal to broad- 
s i d e  the tube and obtain maximum reception. 

8-6 When s e l e c t i n g  a site for the antenna installation, 
several factors should be kept  in mind. F i r s t ,  the 
antenna should be mounted a m i n i m  of 25 feet from the 
receiver to prevent  regeneration. Second, the antenna 
should not be mounted close to any s t e e l  structures (roof 
decking, p i p e s ,  air conditioning, etc.). Third,  the 
signal-to-noise racio will be improved by loca t ing  the 
antenna as fa r  as practical from any l o c a l  R.F.  noise  
source (large electric motors, power lines, e t c . ) .  Finally, 



in most c a s e s  the antenna will not be able to receive 
signal from W E  is installed i n s i d e  of a building, it 
must be outside. 

8- 7 After the unit is mounted, attach the  l e a d - i n  
coax (RG-58/U recommended) to the ou tpu t  BNC and the in- 
stallation is complete. The antenna has been provided 
with  a trimmer capacitor which has been f a c t o r y  tuned 
and Locked for maximum reception. This antenna should not 
need retuning except in cases of extreme temperature, or 
after a long p e r i o d  of aging. Tuning procedure is in- 
cluded in the Maintenance Section of this manual. 

8-8  MA1 NTENANCE 
k 

8-9 The Nodel A-6OFS antenna contains a ferrite rod 
antenna c o i l  and a preamplline driver .  The preamp con- 
ta ins  o n l y  three active devices and should not  require 
maintenance under normal conditions. 

8-10 The antenna may need re-tuning when operating in 
extreme temperatures. Then it will be evident that t he  
resonate frequency has shifted f r o m  the  f a c r o r y  s e t  60 kHz, 
and t h i s  will cause a l o s s  in signal strength. The best 
method of re-tuning the antenna is d e p i c t e d  in the block 
diagram below. 

~ i ~ u r e  8-1 A60FS Block Diagram 

8-11 Apply 12 volts through a 30K ohm resistor to the 
BNC connector, and couple in a 60.0 kHz signal by wrapping 
a single turn of w i r e  around t he  center of the antenna. 
Connect the w i r e  to the signal generator through a 1K ohm 
resistor; this resistor provides a constant current source. 



8-12 T h i s  set-up and tuning should be per formed at 
the approximate temperature the antenna is intended to 
operate. A f t e r  t h e  equipment is set-up as shown, remove 
the s l o t - h e a d  screw in the end of the antenna Co al low 
access to t h e  internal trimmer. The i n t e r n a l  ceramic 
trimmer is a d j u s t e d  w i t h  a small s l o t  screwdriver. Tune 
Ehe trimmer for maximum output  at the BNC connector. 
Reinstall the screw. The antenna is now re - tuned  f o r  
60 kHz resonance at the temperature at which the tuning 
has been performed. 

8-13 TROUBLESHOOTING 

8-14 A s  mentioned in the Maintenance S e c t i o n ,  the 
antenna contains only rhree active devices, all bipolar 
transistors. The most comon types  of failure t h a t  might 
be expected are: 

a. Antenna has become de-tuned due to temper- 
ature extremes or aging. 

b. Ferrite rod broken due to mechanical shock. 
c .  Failure of one of the dev ices ,  

8- 15 The first s t e p  in determining the cause of 
antenna fa i lure  is to set-up the t e s t  equipment a s  shown 
in the block diagram in the Section above. With a 80mv 
(P-P) at generator output measured at Poin t  AA, the 
antenna output  should measure about  3.5mv a t  resonance 
on t h e  A . C .  Voltmeter (IOmv P-P) ,  If t h i s  level is not 
present, re-tune the trimmer to peak output .  Once the re- 
sonance is set with the  trimmer, t h e  - 3  db p o i n t s  should 
occur at +500 - Hz from resonance. 

NOTE: Resonance frequency and Q will be sh i f r ed  
by nearby conductors; attempt to keep large conductors a 
minimum of 2 feet away from the antenna when in use or 
during t e s t .  

8-16 A broken ferrite rod will first become evident 
due to the inability to tune and obtain the proper output. 
To check for a broken rod, slowly increase the frequency 
of the generator and if the antenna resonance is found 
above 61 kHz, the cause is most l i k e l y  a broken ferrite 
rod. 

8-17 After re-tuning, i f  the antenna does not have an 
output, as above, it should be returned to the factory for 
repair. 



8-18 In some cases it may not be pract ical  to return 
the antenna. Below is infornacion for  performing field 
r e p a i r s .  

8-19 After it has been' determined by the above t e s t s  
t h a t  the antenna is defective, use a sharp knife and cut 
open the end p l a t e  on the tubing an whfch the output con- 
nector  is mounted. The preamp assembly can then be p u l l e d  
out  and r e p a i r e d  with the  d a t a  and schematic on the 
following page. A f t e r  repairs are complete, the end can 
be resealed  with common PVC cement. 

CTI 
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DESCRIPTION 

Cap. Leramic Disc. l 5 O p f  
Cap. Monalirhic I O D p f  220% 
Cap. T8ntclum 22uf 
Cap. Honolithic . O l u f  
Cmo. Dinned Mica b7of 
cab. ~ o k l i t h i f  .luk 

Transistor HPS 6571 
Transistor HPS 6571 
Transiscox MPS 6571 

Resistor Carbon 56K 
Resistor Carbon 410 
Resistor Carbon 1H 
Rcsihrur Cdrbon 47U 
ResIscor Carbon lOOK 
Resistor Carbon 2 . 2 K  
Regigtor Carbon 1. SK 
Resistor Carbon 150 
Resistor Carbon 1 0 K  

Cap,  Variable 10-60pf 

Printed Wiring Board. Antenna 
preamp 

P E :  FOR A-77.5FS ONLY 

Omit 
Cap. Dipped H i c r  68pf 

PART # P?Y 

Figure 8-2  





SECTION IX 

WWVB TIME CODE 

9-1 INTRODUCTION 

9-2  The National Bureau of Standards radio station 
WWVB, l o c a t e d  in Fort Col l ins ,  Colorado (Latitude 400 
41' 28.3"N, Longitude 105O 02'  39.5"W), transmits a 
modif ied I R I G  H time code w i t h  a power of 13 KW E . R . P . .  
The modi f ied  IRIG H t i m e  code is a b ina ry  coded decimal 
(BCD) with a one-minute time frame. 

9- 3 CODE AND CARRTER 

9-4 On July 1, 1965, W B  began broadcast ing t i m e  
information using a level-shift carries time code. The 
code is broadcast continuously and is synchronized with 
the 60 kHz carrier signal. Beginning in mid 1973 these 
broadcasts were made on a continuous basis eliminating 
-the per iod ic  Tuesday shutdown. 

9-5 MARKER GENERAT I O N  

9-6 As shown in the Figure below, the s igna l  consists 
of 60 markers each minute, w i t h  one marker each second. 
(Time progresses from l e f r  LO r i g h t . )  Each marker is 
generated by reducing the power of the carr ier  by 10 db 
a t  the  beginning of the corresponding second and restoring 
it 

1. 0.2  seconds l a t e r  f o r  an uncoded marker or 
b ina ry  "zero". 

2 .  0.5 seconds l a t e r  f o r  a b ina ry  "one". 
3 .  0.8  seconds l a t e r  f o r  a 10-second position 

marker or for  a minute reference marker. 

Chart d e p i c t s  10 db carr ier  level drops as trans- 
mitted. 



T I M f  FRAME 1 M l N U T E  
( 1 l d D E X  C W H T  I S E C O N D )  

I P O I N T  A 

Po p 1  Q 1 P 1 P 1 PI 1 p b  
7 0 .a SECOND 7 ~ 0 . 2  S E c o t i D  7Up iut 

I 
1 k - 0 . 5  S E C O N D  0 . 8  SECOND 7 

I PPU FRAME R E F E R I H C E  UARKERS 
3 1 U A R Y  CODED D E C I M R L  T I M E - O F - Y E A R  L O L L  W O R D  ( 2 3  D I G I T S )  
C O H T R O L  F U N C T I O N S  ( 1 5  D I G I T S )  U S E D  F O R  U T ,  C O R R F C T I O R S  
~ ~ P P M ~ P O S I T  I ON I D E N T I F I C R  M A R K E R S  A I D  P U L S C S  (P. T H R U  P , )  

( R E D U C E O  C A R R I E R  0 .8  SECDNO O U R A T I O I  PLUS D . 2  S E C O N D  D U R A T I O N  P U L S E )  
Y - W E I G H T E D  CODE D I G I T  I C A R R I E R  R E S T O R E D  I n  0 . 5  SECOND - S I U A R Y  O n E )  

9-7 MARKER ORDER AND GROUPS 

T I M E  A T  P O l l T  A 
258 D A Y S  
16 nouus 

9-8 The 10-second position markers, l abe led  PO 
through P5 on the diagram, occur respectively as the 59th, 
9th, 19th, 29th, 39th. and 49th second pulses of each 
minute. The minute reference marker begins at zero 
seconds. Uncoded markers occur per iod ica l ly  a s  the  4 th ,  
14th, 24th, 34th, 44th, 54th seconds pulses and also as 
the l o t h ,  llth, 20th, 21st, 35th, 55th, 56th, 57th, and 
58th seconds pulses of each minute. Thus every minute 
contains twelve groups of f ive markers, each group ending 
e i ther  with  a p o s i t i o n  marker or an uncoded marker. 

9- 9 INFORMATION SETS 

9-10 Each minute the code presents time-of-year in- 
formation in minures, hours, day-of-the-year, and the 
actual milliseconds difference between the time as broad- 
cast and the b e s t  known estimate of U T 1 .  The f i r s t  t w o  
BCD groups in the  minute spec i f i e s  the minute of the 
hour; the t h i r d  and four th  BCD groups make up a set which 
speci f ies  the hour of the day; the fifth, sixth, and 
seventh groups form a set which specifies the day-of-year. 
A s e t  made up of the ninth, tenth, and eleventh BCD 
groups, specifies the number of milliseconds to be added 
or subtracted from the code time as broadcast in order to 
obta in  UT1. The r e l a t i o n s h i p  of the UT1 scale  to the time 
as coded is indicated in the eighth group. 



9-11 If UT1 is "slow" with respect to the code time, 
a b i n a r y  "one" labeled SUB ( s u b t r a c t )  on the preceding 
Figure,  will b e  broadcast in the  e ighth  group during t he  
38th second of t h e  minute. If UT 2 s  "fast" w i t h  respect f to t h e  code time a binary  "one", abeled ADD, will be 
broadcast in the eighth group durlng the 37th and 39th 
seconds of t he  minute. The twelfth group is not used to 
convey information. 

9-12 DIGITAL INFORMATION 

9-13  When used to convey numerical information, the 
four coded markers used as diglts in a BCD group are in- 
dexed 8-4-2 -1  in that order. Sometimes only the last two 
or three of the coded markers in a group are needed, as 
in t h e  first groups in the minutes, hours, and days s e t s .  
In these c a s e s ,  the markers are indexed 2-1, o r  4-2-1,  
accordingly. The indices of the first group in each s e t  
which contains two  groups are multiplied by 10. Those 
of the second group of such a set are multiplied by 1. 
The indices of the f i r s t  group in each s e t  which contains 
three groups are multiplied by 100; those of the second 
group are multiplied by 10, and those of the t h i r d  group 
by 1. 

9-14 Example: A s p e c i f i c  example is indicated in the  
Figure 9 - 1 .  The occurrence of two binary "ones" in the 
"minutes set" indicates that t h e  minute contemplated is 
the 40 + 2 = 42nd minute. Similarly, the two binary 
''onestt in the "hours set" indicate the 10 + 8 = 18th 
hour of the day, while the four binary "ones" in the  
"days s e t t t  i nd i ca t e  the 200 + 40 + 10 + 8 = 258th day of 
the year .  

9-15, It is seen from the "UTI Relationship" group and 
the "UTL Set" t h a t  one should subtract, f r o m  any second 
in this minute, 400 + 200 + 100 = 700 milliseconds to get 
an estimate of UTI. For example, the 35th UTI interval 
would end 700 milliseconds (or 0.7 second) later than the 
end of the 35th second. In other words, the U T I  scale 
reading for the end of the 35th second would be 18h 42m 
3 4 . 3 s ,  since 35.0s - 0 . 7 s  = 34.3s. 

9-16 If more d e t a i l e d  and further information on 
these broadcasts are required please write to the address 
on the next page and ask for a copy of t he  current issue 
of National Bureau of Standards Publication #432 .  



Time and Frequency Division 
I n s t i t u t e  for Basic Standards 
National Bureau of Standards 
Boulder, Colorado 80303 

REFERENCE TIME I 

I 
W W V B  TIME CODE FORMAT 

t 



SECTION X 

GREAT CIRCLE MAP 

OF THE NORTHERN PORTION OF THE 

WESTERN HEMISPHERE CENTERED ON 

FORT COLLINS, COLORADO 

1 STaT. MILLS 

TO DETERMINE THE COMPASS HEADING FOR ANTENNA ORIENTATION FHOM YOUR 

LOCATlONTOFORTCOLtlNS,COLORADO D r a w  a straight line from 

the receiving location through F o r t  C o l l i n s ,  Colorado po in t  @ 

on the map and continue until t he  line i n t e r s e c t s  the outer 

ring. The point at which the  l i n e  intersects the outer r i n g  

i n d i c a t e s  the compass heading f o r  Fort Col l ins  from you l o c a t i o n .  



SECT ION XI 

MEASURED FIELD INTENSITY OF WWVB 



SECTION XH 

IRlG B AND IRlG H TIME CODE FORMAT 

12-1 INTRODUCTION 

12-2  The I R Z G  B Time Code as ou tpu t t ed  f r o m  the Model 
60-DC, and IRIG H if optionally ordered, is as described 
in " I R I G  STANDARD TIME FORMATS" Tele-Communica t i o n s  
Working Group, Inter-Range Instrumentation Group, Range 
Commanders Council, IRIG Document 104-70. This document 
is publ ished by Secretariat, Range Commanders Council, 
White Sands Missile Range, New Mexico, 88002 dated August, 
1970. 

12-3 The standard time formats described in this pub- 
lication were designed for use in missile, satellite and 
space research programs which requ i re  the  use of a 
standardized time format for the efficient interchange of 
test data among the various users of the data. These 
formats are suitable for recording on magnetic tape, 0 s -  
cillographs, film and for real-time transmission in both 
automatic and manual data reduction. The IRIG B format 
from the Model 60-DC is suitable for remote display 
driving,  recording on magnetic tape and many other uses. 
When the output is used as IRIG B in the strict sense 
as described by the above mentioned document, the output 
must be in Universal Coordinated Time (UTC) and not con- 
verted to 12-hour basis or loca l  time zone as is the  
c a p a b i l i t y  of this instrument. The same is of course 
true of t h e  IRIG H output. 

12-4 I R l G  CODE FORMAT 

12-5 The IRfG B and IRIG B Time Code as provided by the 
Model 60-DC is a serial time format with two coded ex- 
pressions. The first expression is a time-of-year code 
word in Binary Coded Decimal (BCD) notation as days, 
hours ,  minutes and seconds. The second expression used 
here is a set of elements for encoding control functions 
which are used in the Model 60-DC to provide the user 
with worst case estimate of the timing accuracy. The es- 
timate for this timing accurace is discussed in Sections 
3-49 through 3-53 of this manual. The t h i r d  expression 
sometimes found in the IRIG code, which is an expression of 
time-of-day in Straight Binary Seconds (SBS) notation, 
is n o t  outputted by the Model 60-DC.  



12-6 Each pulse, or element, in the  format of the level- 
s h i f t  encoded s ignal  has a leading edge which is "on 
time". The repetition r a t e  of the  elements in the IRIG 
B is 100 pulses per second, and 1 pulse per second in IRIG 
H .  The index count interval, or the t i m e  between t h e  
leading edges o f  two consecutive elements is 0.01 seconds 
with IRIG 3 and 1 second w i t h  I R f G  H. 

12-7  The time frame format begins with a frame refer-  
ence marker and consists of a l l  the elemenrs between two 
consecutive frame reference markers. This frame reference 
marker consists of a consecutive position identifier 
element and a "P" refexence element each having a duration 
of 0.008 seconds in IRIG B and .8 seconds in IRIG H. The 
on time reference p o i n t  of time frame is the leading edge 
of the second pulse. The repetition rate of the t i m e  frame 
called the "time frame rate" is 1 f p s  (frame per second) 
with IRIG 3 and 1 fpm ( f r a m e  per  minute) with IRIG H. Po 
occurs one index count interval before the frame reference 
po in t  and each succeeding position identifier (PI, P2, P 3 ,  
P q ,  etc.) occurs  every succeeding t en th  element. The 
r e p e t i t i o n  rate them, of the position iden t i f i e r s  is lOpps 
in IRIG B and 6ppm in IRIG H. There are 7 position identi- 
fiers p e r  IRIG H frame and 11 position identifiers p e r  IRIG 
3 frame. 

12-8 The BCD time-of-year code word is pulse width 
coded. A binary "1" element has a duration of 0.005 
seconds, a binary "0" has a duration of 0.002 seconds for 
ZRIG B. I R I G  H in .5  seconds fox a "1" and - 2  seconds 
fo r  a "0". This format is then used to encode the BCD 
time-of-year code word which c o n s i s t s  of decimal d i g i t s  in 
a 1-2 -4 -8  binary  sequence. 

12-9 When the IRIG B from t he  Model 60-DC is in the 
amplitude modulated 1 kHz format, the s i n e  wave carrier 
frequency is synchronized to have a positive going axis 
c ross ing  coincident with the l ead ing  edge of the modulating 
format elements. The I R I G  H format is D.C. level s h i f t  
format as suppl ied  by the factory. See Section 3 - 4 4 .  

12-10 Figure 12-1 on the following page dep ic t s  the IRIG 
B Time Code, and Figure 12-2 d e p i c t s  I R I G  H. 

12-11 CONTROL FUNCTIONS 

I:. I 

12-12 The control  functions provide the user of the I R I G  
B Time Code with a record in t h e i r  recording of the e s -  
timated worst case accuracy of the Model 60-DC time infor-  
mation. This is more f u l l y  covered in Sect ion 
A "1" or .005 second pulse w i d t h  in the following loca- 



t ions  signify che accuracy specifically. 

C o n t r o l  Function E l e m e n t  6 (or time Pr+550ms) ind ica tes  - fl, Oms worst case 
Control Funct ion Element 7 (or time Fr+560ms) i n d i c a t e s  k5. O m s  w o r s t  case 
Control Funct ion Element 8 (or time Pr+570ms) indicates +SO.Oms worst case 
Con t ro l  Function Element 9 (or t irne pr+580ms) indicates - T 5 0 0 . h ~  worst case 

12-13 This ingomat ion is also utilized by the True Time 
Model RD-B ro duplicate the display of the 60-DC Master Clock. 
At +50ms the colons are f l a s h e d ,  and a t  + 5 0 h s  - the d i s p l a y  will 
b l i &  on che Model RD-B. 

12-14  The IRIG H Time Code does not contain these control 
b i t s .  These have not been included due to the re la t ive  time 
frames and usage of this code as opposed to t h e  IRIG 3 Code. 

T l r C  F A a u E  1 SECOND - I 
30 r 0 

REF.  T I M f  IHBE r C O U H T  10 01 SECONDS) 

HOURS D A Y  

POINT A 

I ' l Y P I C A L I  

, O l  5EC. INDEX M A R & "  

CONTROL FUNCT It,U5 

FIGURE 12-1  IRIG B TIm CODE FORMAT 

IRIG STANDARD TIME COD€ 
FORMAT 'B' 

( 100 ppa Cod*) 
Reterence t R I G  Document 104-70 



T I M E  F R A M E  1 MINUTE 

REFEREHCf M A R K E R  

0.2 SEC. 
R I N A R Y  ' 0 '  
( T Y P I C A L )  

r* 

CON7 ROL FUNC TlONS 

7 I 
(. '. L-7rrnc on * h , r  p b l n l  cpumlr 1 7 3  days,  Z I  hours. 24 minute., 57 seconds 

TYPICAL MODULATED C A R R I E R  
Recommended Frequaocy 100 Hz or 1000 H r  

IRIG STANDARD TIME CODE 
FORMAT 'H' 
( 1 PPS Code) 

Reference l RlG Document 104-70 

FIGURE 12-2  IRIG H TIME CODE FORMAT 




