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Station list

Freq.

Call

. gt Station Mode |Transmission time (UTC) Remarks
in kHz sign
Winter 1106 - 1140, summer 1006 - 1040.
No operation on the 3., 13.,23.
xXx06 - xx20: 25.0 kHz, From xx36-xx40 unknown
RJH63 |Krasnodar, RUS|CW + FSK |xx21 - xx23: 25.1 kHz, 50 Baud FSK system on
xx24 - xx26: 25.5 kHz, 20.5 kHz
xx27 - xx31: 23.0 kHz,
xx32 - xx40: 20.5 kHz
Winter 0406 - 0447, 1006 -1047,
summer 0306 - 0347, 0906 - 0947.
No operation on the 6., 16., 26.
. xx06 - xx25: 25.0 kHz,
RJH66 |Bishkek, KGZ Cw X27 - xx30: 25.1 kHz.
xx32 - xx35: 25.5 kHz,
o5 xx38 - xx41: 23.0 kHz,
xx44 - xx47: 20.5 kHz
Molodecno Winter 0706 - 0747, summer 0606 - 0647.
RJH6G9 BLR ’ Ccw No operation on the 2., 12., 22. of each
month. Details see RJIH66
Arkhanaelsk Winter 0906 - 0947, summer 0806 - 0847.
RJH77 RUS 9 ’ CcCw No operation on the 4., 14., 24. of each
month. Details see RJIH66
Nizhni Winter 0506 - 0547, summer 0406 - 0447.
RJH99 Nov o¥od RUS Ccw No operation on the 8., 18., 28. of each
gorod, month. Details see RJH66
Khabarovsk Winter ??? summer ?7?7?.
RAB99 RUS ’ CwW No operation on the 10., 20., 30. of each Status unknown
month. Details see RIH66
40 Jy |MtOtakadoya, | oy | eontinuous Until 1999 Sanwa, JG2AS
Fukushima, J
50 RTZ |Irkutsk, RUS Cw 22-21h (01-24h Moscow Time; winter) Heard in 1/2002
JJY Mt. Hagane, CW Continuous New in 2001
Kyushu Isl., J
60 MSF  |Rugby, G Cw Continuous
Ft. Collins, .
WWVB CO, USA Ccw Continuous
66.67 RBU  |Moskva, RUS AM Continuous
75 HBG |Prangins, SUI Cw Continuous
775 DCF77 |Mainflingen, D |CW + PSK |Continuous
Telecontrol station transmitting
1291 DCF49 |Mainflingen, D FSK Continuous time code in pauses between
user data telegrams
139 DCF39 |Burg, D FSK Continuous Telecontrol station //129.1 kHz
162 Allouis, F PSK Continuous Radio France broadcast station
Broadcast station (BBC
198 Droitwich, G PSK Continuous Radio 4) with telecontrol
service including time code
1510 HD2IOA |Guayaquil, EQA AM Continuous Status unknown
BPM  |Shaanxi, CHN AM 0900 - 0100
Ft. Collins, .
2500 WwWvV CO, USA AM Continuous
WWVH |Kekaha, HWA AM Continuous
3330 CHU |Ottawa, CAN AM (USB) |Continuous
3810 HD2IOA |Guayaquil, EQA| AM (LSB) |0000 - 1200
4996 RWM |Moskva, RUS CW Continuous except minute 08 and 38
BPM  |Shaanxi, CHN AM Continuous
BSF  |Chung-Li, TWN AM Continuous except minutes 35-39
HLA  |Taejon, KOR AM Continuous?
5000 LOL Buenos Aires, AM 1100-1200, 1400-1500, 1700-1800,
ARG 2000-2100, 2300-2400
Ft. Collins, .
WwWvV CO, USA AM Continuous
WWVH |Kekaha, HWA AM Continuous




YVTO |Caracas, VEN AM Continuous
HD2IOA |Guayaquil, EQA | AM (LSB) {1200 - 1300 ? Status unknown
7335 CHU |Ottawa, CAN AM (USB) |Continuous
7600 HD2IOA |Guayaquil, EQA AM 1300 - 2400 ? Status unknown
9996 RWM |Moskva, RUS CwW Continuous except minute 08 and 38
ATA  |New, Delhi, IND AM Continuous Reported active in early 2002
BPM  |Shaanxi, CHN AM Continuous
10000 LOL Buenos Aires, AM 1100-1200, 1400-1500, 1700-1800, “Temporary inactive"
ARG 2000-2100, 2300-2400
WwWvV E:tOCch)gZS AM Continuous
WWVH |Kekaha, HWA AM Continuous
14670 CHU |Ottawa, CAN AM (USB) |Continuous
14996 RWM |Moskva, RUS Ccw Continuous except minute 08 and 38
BPM  |Shaanxi, CHN AM 0100 - 0900
BSF  |Chung-Li, TWN AM Continuous except minutes 35-39
ooy | 10U SATeSATSS | gy 1100-200, 14001600 7001000, rompory nactve
WwWv Etc')’CSgXS’ AM Continuous
WWVH |Kekaha, HWA AM Continuous
20000 Wwv E:tOCLcJ)gZS AM Continuous

Some former stations

Call sign Station Frequencies [kHz] Closure Remarks
ATA New Delhi, IND 5000, 15000 Still active on 10000 kHz?
EBC San Fernando (Cadiz), E 6840, 12008
FFH Paris, F 2500
FTH42, 7428,
FTK77, Paris, F 10775, March 1985
FTN87 13873
GBR Rugby, G 16 December 1986
IAM Rome, | 5000 early 1998 closed after transmitter breakdown
IBF Torino, | 5000 early 1990s
LOL2, LOL3 Buenos Aires, ARG 4856, 8030, 17180 LOL still on 5000 / 10000 / 15000 kHz
JG2AS Sanwa, J 40 1999
JY Sanwa, J 25?86380?53880' 1991656%50(;,0 & Now on 40 and 60 kHz
’ March 2001
MSF Rugby, G 2500, 5000, 10000 February 1988 | Now on 60 kHz
OLB5 Prague (Liblice), CZR 3170
OMA Prague (Liblice), CZR 50, 2500 Dec&”giﬂ;)g%
RID Irkutsk, RUS 5004, 10004, 15004 | December 1996
RTA Novosibirsk, RUS 10000, 15000 mid-1990s
ULA4 Tashkent, UZB 2500, 5000, 10000 May 1999 Call sign RCH until 1996
VNG Liandilo, AUS 2510%8520%&?88' June / December
WWVL Fort Collins, CO, USA 20 1972
Y3S Nauen, DDR 4525 June 1990
ZUo Pretoria, AFS 2500, 5000




BPM, Shaanxi, China

Frequencies: 2500, 5000, 10000, 15000 kHz

Carrier accuracy: Aflf < 10

Call sign: BPM

Location: Shaanxi, China. Transmitter coordinates 35° 00" n, 109° 31' e ?

Operating hours:

Power:
Modulation:

Identification signal:

Programme:

Time code:

Further information:

0730-1100 on 2500 kHz, 0100-0900 on 15000 kHz,
continuous on 5000 and 10000 kHz

Unknown

AM, tones and voice. UTC time signals are broadcast 20 ms in advance of UTC.
Call sign in morse and voice announcement in Chinese in minute 29 and 59
Repeats every 30 minutes, see Table 3

None

http://www.time.ac.cn

UTC second pulses 10 ms duration,

00m - 10m 30m - 40m UTC minute pulses 300 ms duration
10m-15m 40m - 45m No modulation; carrier only

UTC second pulses 10 ms duration,
15m - 25m 45m - 55m UTC minute pulses 300 ms duration
25m - 29m 55m - 59m UT1 second pulses 100 ms duration,

UT1 minute pulses 300 ms duration

29m00s - 29m40s

59mO00s - 59m40s

Call sign BPM in morse

29m40s - 30m00s

59m40s - 60mO00s

Station identification in Chinese (female voice)

Table 3. BPM transmission schedule




BSF, Chung-Li, Taiwan

Frequencies: 5000, 15000 kHz

Carrier accuracy: Af/f < 2x10™

Call sign: BSF

Location: Chung-Li, 24° 57'n, 121° 09’e

Operating hours: Continuous except from xx35 - xx40 each hour
Power: Unknown

Modulation: AM; 1000 Hz tones and voice

DUT1 code is transmitted by emphasized (lengthened) pulses. When the emphasis
is on seconds 1 through 8, DUT1 is positive; and when DUT1 is negative, seconds
9 through 16 are used (DUT1 is the difference between the astronomical time scale

UT1 and the atomic time scale UTC, in 0.1 s steps. Range is £0.8 s).

Identification signal: Call sign in morse and announcement in minute 09, 19, 29, 49, 59 (not in 39)

Programme: See Table 4

Time code: None

Further information: National Standard Time Service. Chungghwa Telecom Co. Ltd.
http://www.stdtime.gov.tw

Second pulses of 5 ms duration, minute pulses of 300 ms
00m - 05m duration. 1000 Hz tone is tranmitted continuously except for a
period of from 40 ms before to 40 ms after each pulse
05m - 09m As 00m - 05m but without 1000 Hz tone transmissions
09m Call sign and time in morse and announcement in Chinese
10m - 15m As 00m - 05m
15m - 19m As 00m - 05m but without 1000 Hz tone transmissions
19m Call sign and time in morse and announcement in Chinese
20m - 25m As 00m - 05m
25m - 29m As 00m - 05m but without 1000 Hz tone transmissions
29m Call sign and time in morse and announcement in Chinese
30m - 35m As 00m - 05m
35m - 40m Silence
40m - 45m As 00m - 05m
45m - 49m As 00m - 05m but without 1000 Hz tone transmissions
49m Call sign and time in morse and announcement in Chinese
50m - 55m As 00m - 05m
55m - 59m As 00m - 05m but without 1000 Hz tone transmissions
59m Call sign and time in morse and announcement in Chinese

Table 4. Schedule




CHU, Ottawa, Canada

Frequencies:
Carrier accuracy:
Call sign:
Location:
Operating hours:
Power:

Modulation:

Identification signal:

Time code:

Further information:

3330, 7335, 14670 kHz

Af/f < 5x10™"

CHU

Ottawa, 45° 18'n, 75° 45'w

Continuous

3 kW at 3330 and 14670 kHz, 10 kW at 7335 kHz
AM (USB only), tones and voice.

The first minute of each hour commences with a 1 s pulse of 1000 Hz tone,
followed by 9 s of silence, and then the normal pattern of 0.3 s pulses of 1000 Hz at
one-second intervals. The normal pattern for each of the next 59 minutes starts
with a 0.5 s 1000 Hz pulse.

DUT1 code is transmitted in seconds 1 through 16 (DUT1 is the difference
between the astronomical time scale UT1 and the atomic time scale UTC, rounded
to 0.1 s. The range of DUT1 is -0.8 s to +0.8 s). The DUT1 code consists of
emphasized (split) seconds markers, so that a double tone is heard. When the
emphasis is on seconds 1 through 8, DUT1 is positive; and when DUT1 is
negative, seconds 9 through 16 are used.

The pulse in second 29 is omitted. Following the normal pulse at 30 seconds, for a
9 s period, 1000 Hz pulses of 0.01 s occur, each followed by the CHU time code
(see below). The pulses between 40 and 50 seconds are of normal length.

Alternating French/English station identification in the last 10 seconds of each
minute, followed by UTC time announcement, valid for the following minute. During
the announcement period, the 1000 Hz seconds pulses are shortened to “ticks”.

A time code is sent in seconds 31 through 39. The data is in the form of an FSK
data stream, with 2225 Hz mark and 2025 Hz space. Each packet consists of ten
bytes. There are two formats, format B for second 31 and format A for seconds 32
through 39. See Tables 5 and 6 for details.

NRC Time Services. http://www.nrc.ca/inms/time/whatime.html

0-10ms Ticking noise (10 cycles of 1000 Hz)

10-123.33 ms 2225 Hz mark tone

123.33 - 500 ms

Ten bytes of data at 300 bits per second. Each byte is
encoded as one start bit, eight data bits and two stop bits

500 -510 ms 2225 Hz mark tone for 10 ms

510 ms - 1000 ms | Silence until the end of the second

Table 5. Structure of seconds 31 through 39



Byte Data Meaning of data
1 D36
DsD:D; is the day of the year. 6 is a constant.
2 D1D-
3 HiH: H.H1 = UTC hour
4 M1M M:M; = UTC minute
5 S1S2 S.S¢ = UTC second
6
7
Byte 1...5
8 repeated Redundancy bytes
9
10

Table 6a. Format A, transmitted in seconds 32 through 39. Each nibble is a BCD
digit. Note that the nibbles are transmitted in swapped order.

Byte Data Meaning of data
Z is the absolute value of DUT1 in tenths of a second.
X is encoded as follows:
! ZX|Bit 0 (rightmost; transmitted first): Sign of DUT1 (0 = +)
Bit 1: Leap second warning. One second will be added.
Bit 2: Leap second warning. One second will be subtracted.
Bit 3: Even parity bit for this nibble.
YsYs
Y.Y3Y2Y1 = year
Y1Y>
T,T+ = Difference between TAl and UTC in seconds. The
International Atomic Time TAI does not use leap seconds.
4 TT2 Some other technical time scales are based on TAI, to
avoid leap seconds. TAI can be calculated from UTC by:
TAI =UTC + TT.
A2A1 is the code number for the daylight saving time pattern
5 AA; in effect at this time across all time zones of Canada. The
current serial number is 01, effective since 1988.
6
! Byte 1...5
8 inverted (1’s | Redundancy bytes
9 complement)
10

Table 6b. Format B, transmitted in second 31. Each nibble, except X, is a BCD digit.
Note that the nibbles are transmitted in swapped order.




DCF77, Mainflingen, Germany

Frequency:
Carrier accuracy:
Call sign:
Location:
Operating hours:
Power:

Antenna

Modulation:

Identification signal:

Time code:

Further information:

from Sequence Controller

77.5 kHz

Af/f < 1x107' (1 d average), <2 x 10" (100 d average)

DCF77

Mainflingen, near Frankfurt, Germany, 50° 01’ n, 09° 00’ e
Continuous

50 kW. Estimated radiated power 25 kW

Top-loaded vertical, 150 m high. The backup antenna is 200 m high.

Amplitude keying. The amplitude is reduced to 25% for 100 ms or 200 ms, starting
with the full second, except for second 59 ( 60 in case of a positive leap second). A
carrier reduction of 200 ms corresponds to a logical 1.

Pseudorandom phase shift keying (PRPSK), see Figure 1. At the receiver side the
second markers can be determined by a cross correlation technique, which is
much more accurate than measuring the arrival time of the amplitude-keyed time
signals. This modulation causes the “noisy” sound of the DCF77 signal.

The callsign is transmitted twice in Morse code in minutes 19, 39 and 59, seconds
20 to 32, in AM; the amplitude is switched between 85% and 100% with a 250 Hz
rectangular waveform. This signal will probably be omitted in the future.

See Table 7 on page 11

Physikalisch-Technische Bundesanstalt. http://www.ptb.de

77500 Hz
—>

to Transmitter Phase Modulator

| Clear/Enable
/120 1 64583 H
Frequency | 21000 T2 g | Clock 9-Stage Shift Register
Divider
Data Input
01 02 03 04 O5 06 O7 08 09

qs

Time Code Data

(«i\\ Exclusive-OR Gates

Figure 1a. A pseudo random sequence of 512 steps is generated by means of a
feedback shift register. Not shown is a mechanism to force the shift register out of the
“all zero state” at the beginning of the sequence. Sequence inversion keying is used:
The phase shift is inverted if a logical “1” is transmitted.



| s |
I~ "
| |
Amplitude =1
Amplitude = 0.25 | —
| |
| |
o+100— —l— — — |
¢ unaffected — — | | | | J-Ll_lr_
¢—10°**\***r |
| I
200 ms approx. 793 ms

Figure 1b. The 512 step pseudorandom sequence starts 200 ms after the full second,
defined by the falling edge of the amplitude, and ends about 7 ms before the next
second. This ensures that the falling edge is not disturbed. The transmitter phase is
shifted by £10 degrees. Note: Timing in this sketch is not to scale.

France Inter, Allouis, France

Frequency: 162.0 kHz

Carrier accuracy: Af/f < 1x107'2 (1 d average)

Call sign: None. Broadcast station with "inaudible" time subcode

Location: Allouis, NW Bourges, 47° 10'n, 02° 12' e

Operating hours: Continuous

Power: 2000 kW (1000 kW at night 00 - 06h)

Modulation: AM broadcast with additional phase-shift keying of +1 Rad (57 degrees) for time

code, see figure 2
Identification signal: None
Time code: Similar to DCF77. See Table 7 on page 11

Further information: http://www.emetteurs.fr.fm (private site)
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Phase [Rad] 1" data bit
"0" data bit
A A

A

100 200 900
0ms Start of
Start of ms ms ms next
second second

Figure 2. Phase shift keying of France Inter on 162 kHz. The rise and fall time of

1 Rad / 25 ms corresponds to a frequency shift of + 6 Hz, which is inaudible in the
audio broadcast signal. There are either one or two cycles of 100 ms at the begin of
each second (except second 59), depending on whether a logical "0" or a "1" is
transmitted.

HBG, Prangins, Switzerland

Frequency: 75.0 kHz

Carrier accuracy: Aflf < 2x10™"

Call sign: HBG

Location: Prangins, 46° 24'n, 06° 15' e

Operating hours: Continuous

Power: 20 kW

Modulation: Amplitude keying: Amplitude reduced for 100 ms or 200 ms, starting with the full

second, except in second 59. A carrier reduction of 200 ms corresponds to a
logical 1. Second 00 is marked by a double pulse, i.e. two 100 ms carrier
reductions, spaced by a 100 ms full carrier interval. There are three pulses at the
full hour and four pulses every 12 hours.

Identification signal: None
Time code: Similar to DCF77. See Table 7

Further information: Bundesamt flir Metrologie und Akkreditierung Schweiz (METAS)
http://www.official-time.ch, http://www.metas.ch
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Second Value Meaning

0 M Minute marke; M = 0, double pulse for HBG
1

2

3

4

5

6 Reserved

! Note: The DCF77 pseudo random PSK is inverted (= data set to
8 logical “1”) in seconds 0 to 9. This serves as the minute identifier in
9 the PRPSK signal.

10

11

12

13

14

15 R R =1 if backup antenna is used (DCF77 only)
16 A1 A1 =1 during the hour preceding Z1/Z2 change (HBG: 12 hours)
17 Z1 Z1/Z2 = 01 during MEZ (Winter);

18 z2 Z1/Z2 = 10 during MESZ (Summer)

19 A2 A2 = 1 during hour preceding leap second (HBG: 12 hours)
20 S Start of time code; always 1

21 1

22 2

23 4

24 8 BCD Minute

25 10

26 20

27 40

28 P1 Parity: Sum of bit 21...27

29 1

30 2

31 4

2 8 BCD Hour

33 10

34 20

35 P2 Parity: Sum of bit 29...34

36 1

37 2

gg g BCD Day-of-Month
40 10
41 20
42 1
43 2 BCD Day-of-Week
44 4
45 1
46 2
47 4 BCD Month
48 8
49 10
50 1
51 2
52 4
gi 180 BCD Year (00...99)
55 20
56 40
57 80
58 P3 Parity: Sum of bit 36...57
59 - No modulation

Table 7. DCF77, France Inter and HBG time code




JJY, Japan

Frequencies:
Carrier accuracy:
Call sign:
Location 40 kHz:
Location 60 kHz:
Operating hours:
Power:

Antenna:
Modulation:

Time code:

Further information:

12

40.0 kHz and 60.0 kHz

Af/f < 10

JJY

Mt. Otakadoya, Fukushima prefecture, 200 km N of Tokyo, 37° 22’ n, 140° 51’ e
Mt. Hagane, Saga prefecture, Kyushu lIsl., 33° 28’ n, 130° 11’ e

Continuous

Radiated power > 10 kW

Top-loaded umbrella type antenna mounted on a 200 m main tower

Amplitude keying: Positive pulses of 0.8 s duration (time code binary zero), 0.5 s
(binary one) and 0.2 s (various markers)

See Table 8

Communications Research Laboratory (CRL), Tokyo. Their web site with a lot of
information about JJY is in Japanese only. http://jjy.crl.go.jp/

Second Value Meaning Second Value Meaning
0 Minute marker (0.2 s) 30 8
1 40 31 4 Days
2 20 32 2
3 10 33 1
4 “0” . 34 “0”
5 8 Minutes 35 0
6 4 36 PA1 (?)
7 2 37 PA2 (?)
8 1 38 SuU1 (?)
9 Marker P1 (0.2 s) 39 Marker P4 (0.2 s)
10 “0” 40 SU2 (?)
11 “0” 41 80
12 20 42 40
13 10 43 20
14 “0” 44 10 Year
15 8 Hours 45 8
16 4 46 4
17 2 47 2
18 1 48 1
19 Marker P2 (0.2 s) 49 Marker P5 (0.2 s)
20 “0” 50 4
21 “0” 51 2 Day of week
22 200 52 1
23 100 53
24 “0” 54 Leap second Flag LS1
25 80 Days 55 Leap second Flag LS2
26 40 56 “0”
27 20 57 “0”
28 10 58 “0”
29 Marker P3 (0.2 s) 59 Marker PO (0.2 s)

Table 8. JJY time code
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LOL, Buenos Aires, Argentina

Frequencies:
Carrier accuracy:
Call sign:
Location:
Operating hours:
Power:

Modulation:

Identification signal:
Programme:
Time code:

Further information:

5000, 10000, 15000 kHz (5000 and 10000 announced temporary inactive in 2002)
Aflf < 2x107

LOL

Buenos Aires, 15° 09’s, 50° 09'w

1100-1200, 1400-1500, 1700-1800, 2000-2100, 2300-2400

2 kW

AM; 440 Hz and 1000 Hz tones and voice

The begin of each second is marked with a 5 ms long tick (5 periods of 1000 Hz),
except second 59.

Call sign in morse and announcement, see Table 9
See Table 9
None

Observatorio Naval Buenos Aires. http://www.hidro.gov.ar

Minutes after the full hour Transmission content
00-03 | 10-13 | 20-23 | 30-33 | 40-43 | 50-53 |1000 Hz tone
Call sign “LOL” in Morse, announcement
03-05 | 13-15 | 23-25 | 33-35 | 43-45 | 53-55 |“Observatoria Naval — Argentina” and
time announcement
440 Hz tone. From 55m to 58m silence
05-08 | 15-18 | 26-28 | 35-38 | 45-48 except second tics
Call sign “LOL” in Morse, announcement
08-10 | 18-20 | 28-30 | 38-40 | 48-50 | 58 - 60 |“Observatoria Naval — Argentina” and
time announcement

Table 9. LOL hourly transmission scheme
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MSF, Rugby, United Kingdom

Frequency:
Carrier accuracy:
Call sign:
Location:
Operating hours:
Power:
Modulation:
Time code:

Further information:

60.0 kHz

Aflf < 2x10™"

MSF

Rugby, England, 52° 22’ n, 01° 11’ w

Continuous

15 kW estimated equivalent monopole radiated power (ERMP)
On-off keying (A1B), see Figure 3

See Table 10. In minutes lengthened or shortened by a positive or negative leap
second, the second numbers 17 through 59 are correspondingly increased or
decreased by one (i.e. during these 61- or 59-second minutes, the position of the
time and date code is shifted by one second relative to the start of the minute).

National Physics Laboratory Time & Frequency Service.
http://www.npl.co.uk/npl/ctm

carrier envelope  second marker

/

.............

Bit A Bit B

100 ms | 100 ms
marker preceded by carrier off = logical 1
at least 500 ms carrier

minute marker

500 ms

. - -

Fig 3. MSF amplitude keying
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Data Bit A (100 - 200 ms after full second)

Data Bit B (200 - 300 ms after full second)

Second Value Meaning Second Value Meaning

0 “1” Minute marker 0 “1” Minute marker

1 1 +100 ms

2 2 +100 ms

3 3 +100 ms

4 4 +100 ms

5 5 +100 ms

6 6 +100 ms DUT1

7 7 +100 ms . ) )

8 . 8 +100 ms Difference betyvegn astronomical time

9 Reserved. Currently set to “0 9 00 ms UT1 and atomic tlme_ UTC, rounded to
the nearest 100 ms in the range +800

10 10 -100ms | ms. Example: If DUT1 = +0.3, data bit

11 1" -100 ms | B of seconds 1...3 are set to 1

12 12 -100 ms

13 12 -100 ms

14 14 -100 ms

15 15 -100 ms

16 16 -100 ms

17 80 17

18 40 18

19 20 19

20 10 Binary-Coded-Decimal (BCD) 20

21 8 Year (00...99) 21

22 4 22

23 2 23

24 1 24

25 10 25

26 8 26

27 4 BCD Month (01...12) 27

28 2 28

29 1 29

30 20 30

31 10 31

22 Z BCD Day-of-Month (01...31) gg

22 f gg Reserved. Currently set to “0”

36 4 BCD Day-of-Week 3

37 2 (0...6: 0 = Sunday) 37

38 1 38

39 20 39

40 10 40

j; Z BCD Hour (00...23) i;

43 2 43

44 1 44

45 40 45

46 20 46

47 10 47

48 8 BCD Minute (00...59) 48

49 4 49

50 2 50

51 1 51

52 “0” 52

53 “1” 53 “1” during 61 minutes before Bit 58B changes

54 “1” This sequence 01111110 never 54 Parity: Sum of bit 17A...24A + 1

55 “1” appears elsewhere in bit A, so it 55 Parity: Sum of bit 25A...35A + 1

56 “q” uniquely identifies the following minute 56 Parity: Sum of bit 36A...38A + 1

57 “1” marker. 57 Parity: Sum of bit 39A...51A + 1

58 “1” 58 “1” during Summer time (UK civil time = UTC + 1)

59 “0” 59 “0”

Table 10. MSF time code




RBU, Moscow, Russia

Frequency:

Carrier accuracy:

66.67 kHz (= 200 kHz divided by 3)

Af/f < 2x10™

16

Call sign: RBU
Location: Moscow, 55° 48’ n, 38° 18’ e
Operating hours: Continuous
Power: 10 kW
Modulation: Carrier keyed off for 5 ms at 100 ms intervals. AM subcarrier 100 Hz and 312.5 Hz
(modulation index m = 0.7) for second and minute identification and time code, see
Figure 4.
Time code: See Table 11
second
> ‘4_ 10 ms ¢ carrier envelope
| e |
= 312.5Hz = 3125Hzor100 Hz =
‘4 80 ms > | |- 100 ms ———»
— - 5ms 5 ms | -
Figure 4a. Signal detail
second n data bit 1 data bit 2 second n+1

l l
B s ] [e [ [fe] (o ] R[]

|

|‘— 100 ms

100 Hz = "0",
3125 Hz="1"

minute marker; "1" if next second = 00

Figure 4b. Relationship between subcarrier frequencies and data
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Data Bit 1 Data Bit 2
Second Value Meaning Second Value Meaning
0 “1” 0 “1”
1 “‘0” 1 +100 ms
2 “0” 2 +100 ms
3 * 3 +100 ms
4 * 4 +100 ms
5 * 5 +100 ms
6 * 6 +100 ms buT1
7 t (1 = negative) dUT1 7 +100 ms Difference between astronomical
8 ‘0 8 +100 ms time UT1 and atomic time UTC,
19 “0” additional 20 ms steps for 19 -100 ms trrc:unded to:ggonearesé 100 n|13 iﬂ
“0” ) - m e range * ms. Example:
1(1) 9 increased accuracy of DUT1 1(1) _188 mz DUT1 g= +0.3, data bit p2 of
12 m 12 2100 ms seconds 1...3 are set to 1
13 * 12 -100 ms
14 * 14 -100 ms
15 * (1 = negative) 15 -100 ms
16 “0” 16 -100 ms
17 “0” 17 “0”
18 * (1 = negative) 18 8 000
19 10 AUT 19 4000
20 8 Dif. bet ¢ ited 20 2000
ifference between transmitte
;; ‘21 time and UTC, in hours (+3 in ;; 18(())(())0 TJD
winter, +4 in summer)
23 L 23 400 The 4 least significant digits of
24 0 24 200 the Julian day number. Example:
25 80 25 100 For 3 December 2000 at 0 UTC,
26 40 26 80 JD is 2451881.5, TJD is 1881.
27 20 27 40
28 10 Y 28 20 Note: TJD does not chqnge at
29 8 year 29 10 :JigLiJn-I;Ca;t ilgrc\)%lfgh the Jullan day
30 4 30 8
31 2 31 4
32 1 32 2
33 10 33 1
34 8 M 34
35 4 35
36 2 month 36
37 1 37
38 4 d 38
w
Zg f day of week (1 = monday) Zg
41 20 41 reserved
42 10 42
43 8 du 43
44 4 44
45 5 day of month 45
46 1 46
47 20 47
48 10 48
49 8 h 49 | TJD sec. 18-25
50 4 hour 50 TJD sec. 26-33
51 2 51
52 1 52 reserved
53 40 53 AUT parity bits
54 20 54 Y (even parity)
55 10 m 55 M + dW
56 8 56 dM
57 4 minute 57 h
58 2 58 m
59 1 59 0

Table 11: RBU time code transmitted in data bits 1 and 2, valid for the following minute




RWM, Moscow, Russia
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Frequencies: 4996, 9996, 14996 kHz

Carrier accuracy: Af/f < 1x10™

Call sign: RWM

Location: Moscow, 55° 48’ n, 38° 18’ e

Operating hours: Continuous

Power: 5 kW on 4996 and 9996 kHz, 8 kW on 14996 kHz
Modulation: On-off keying (A1B)

Identification signal: Call sign in Morse in minutes 09 and 39

Programme: Transmission repeats every 30 minutes, see Table 12
Time code: None

00mO0O0s - 07m55s, 30m00s - 37m55s

Unmodulated carrier

08mO00s - 09m00s, 38m00s - 39m00s

No transmission

09mO00s - 10m00s, 39m00s - 40m00s

“vwv cq cq cq de rwm rwm rwm” in Morse code

10mO00s - 19m55s, 40m00s - 49m55s

1 Hz pulses with UT1-UTC code, see Figure 5.
Pulse duration = 100 ms, minute pulse = 500 ms

20mO00s - 29m55s, 50m00s - 59m55s

10 Hz pulses. Duration = 20 ms,
second pulse = 40 ms, minute pulse = 500 ms

Table 12. RWM transmission schedule

pulse 1...8 doubled pulse 9...16 doubled
if DUT1 >0 if DUT1<0

pulse 21...24 doubled pulse 31...34 doubled
if dUT1>0 if dUT1<0

10

15

20 25 30 35

Second

Figure 5. Coding of the deviation between astronomical time UT1 and atomic time
UTC. The difference in seconds is given by 0.1 x DUT1 + 0.02 x dUT1. In this

example, DUT1 is +4 and dUT1 is -3,

hence UT1 - UTC = +0.34 seconds.
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RTZ, Irkutsk, Russia

Frequency:
Carrier accuracy:
Call sign:
Location:

Operating hours:

Power:

Modulation:

Identification signal:

Programme:

Time code:

50.0 kHz

Af/f < 5x10™"

RTZ

Irkutsk, Russia, 52° 26’ n, 103° 41’ e

Winter 22 - 21, summer 21 - 20 UTC (01 - 24 Moscow time). Note: The
transmission is often resumed before the end of the scheduled one-hour break.

10 kW

On-off keying (A1B)

Call sign in Morse in minute 05

Repeats every 60 minutes, see Table 13
None

00mO0O0s - 04m55s

1 Hz pulses with UT1-UTC code, see Figure 4

05m00s - 06mO00s

Call sign RTZ in Morse code

06mO00s - 58m55s

Unmodulated carrier

59m00s - 59m55s

10 Hz pulses

Table 13. RTZ transmission schedule

RAB99, RJH63, RJH66, RJH69, RJH77, RJH99

Frequency:
Carrier accuracy:
Call signs:
Locations:
Operating hours:
Power:

Modulation:

Identification signal:

Programme:

Time code:

Further information:

25.0 kHz. Additional transmissions on 20.5, 23.0, 25.1 and 25.5 kHz, see Table 14
Af/f < 5x107

See Table 14

See Table 14

See Table 14

300 kW

On-off keying (A1B)

Call sign in Morse in minute 06

See Table 15

None

Trond Jabobsen: The Russian VLF Time-Signal Stations “Beta”, December 2000.
Available at http://www.VIf.it.
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Call sign Location Operat!ng hours | Operating hours | No transmission
winter summer (day of month)

Khabarovsk, Russia

RAB99 48° 30" n, 134° 50’ e unknown unknown 10., 20., 30.

RJH63 Krasnodar, Russia 1106 - 1140 1006 - 1040 3., 13,23
44° 46’ n, 39° 34’ e o

Bishkek, Kirgizia 0406 - 0447 0306 - 0347
RJHG6 43°03'n, 73°37 e 1006 -1047 0906 - 0947 6.,16., 26.
Molodecno, Belorussia

RJH69 54° 28 n. 26° 47’ e 0706 - 0747 0606 - 0647 2.,12.,22.
Arkhangelsk, Russia

RJH77 64° 22'n. 41° 35' e 0906 - 0947 0806 - 0847 4.,14., 24,

Nizhniy Novgorod, Russia
RJH99 56° 11° n, 43° 57 e 0506 - 0547 0406 - 0447 8.,18., 28

Table 14. Call signs, locations and transmission times (UTC)

Transmitting time
for RAB99,
RJH66/69/77/99

Transmitting time
for RUH63

Transmitted pattern

06m00s - 07mO00s

06m00s - 07mO00s

Call sign in morse code

07m00s - 10mO00s

07m00s - 09mO00s

Unmodulated carrier

10mO00s - 13m00s

09mO00s - 11mO00s

40 Hz pulses

13m00s - 22mO00s

11m00s - 20mO00s

10 Hz, 1 Hz, 1/10 Hz, 1/60 Hz pulses

22m00s - 25m00s

not available

40 Hz pulses

25m00s - 27m00s

20m00s - 21m00s

Reserved fo tuning break

27m00s - 30mO00s

21m00s - 23m00s

Unmodulated carrier on 25.1 kHz

30mO00s - 32m00s

23m00s - 24m00s

Reserved for tuning break

32m00s - 35m00s

24m00s - 26m00s

Unmodulated carrier on 25.5 kHz

35m00s - 38m00s

26mO00s - 29m00s

Reserved for tuning break

38m00s - 41m00s

29m00s - 31m00s

Unmodulated carrier on 23.0 kHz

41m00s - 44mO00s

31mO00s - 34m00s

Reserved for tuning break

44m00s - 47m00s

34m00s - 36m00s

Unmodulated carrier on 20.5 kHz

not available

36mO00s - 40m00s

50 Baud FSK on 20.5 kHz; unknown system

Table 15. Schedule

Pulse rate in Hz 40

10 1

1/10

1/60

Pulse width

12.5ms

25 ms

100 ms

1s

10s

Table 16. Nominal pulse durations



WWV, Fort Co

Frequencies:
Carrier accuracy:
Call signs:
Location WWV:
Location WWVH:
Operating hours:

Power:

Modulation:

Antennas:

Identification signal:

Time code:

Further information:

21

llins, USA and WWVH, Kekaha, Hawaii

2500, 5000, 10000, 15000, WWYV also on 20000 kHz
Af/f <1x10™"

WWV and WWVH

Fort Collins, Colorado, 40° 41’ n, 105° 02’ w

Kekaha (Island of Kauai), 21° 59’ n, 159° 46’ w
Continuous

Radiated power: 2.5 kW on 2.5 MHz (WWVH: 5 kW), 10 kW on 5/10/15 MHz,
2.5 kW on 20 MHZ

AM. Various tones and voice announcements, see Table 17 and 18. Second
pulses: 1000 Hz, 5 ms duration. Minute pulses: 1000 Hz, 800 ms. Hour pulses:
1500 Hz, 800 ms. Each seconds pulse is preceded by 10-ms of silence and
followed by 25-ms of silence. A time code is transmitted on a 100 Hz subcarrier.
Modulation level is 100% for the second, minute and hour pulses, 50% for the
steady tones, 50% for the BCD time code and 75% for the voice announcements.

DUT1 code is transmitted in seconds 1 through 16 of each minute by doubling
ticks. The value of DUT1 (the difference between astronomical time UT1 and UTC)
is determined by the number of successive doubled ticks. If the doubled ticks are in
the first 8 s, the DUT1 is positive; if they are in seconds 9-16, DUT1 is negative.

Omnidirectional half-wave vertical antennas. WWVH uses two-element half-wave
verticals for 5/10/15 MHz, radiating a cardioid pattern with the maximum gain
pointed toward the west.

Announcement in minutes 00 and 30 (WWV), minutes 29 and 59 (WWVH)

100 Hz subcarrier, BCD code, one bit per second. The pulses begin 30 ms after
the start of a second. A 170 ms pulse represents a “0” bit, a 470 ms pulse
represents a “1”. During the first second of a minute, no pulse is transmitted. A
position identifier lasting 770 ms is transmitted every 10 s. See Table 19.

National Institute of Standards and Technology NIST, Time and Frequency
Division. http://www.boulder.nist.gov/timefreq/

Minute Second Wwv WWVH
Special announcement
00s-45s or 500 Hz tone 600 Hz tone
Even 45s-525s Silent except tick UTC female voice
announcement
525s-60s UTC male voice Silent except tick
announcement
Special announcement
00s-45s 600 Hz tone or 500 Hz tone
Odd | 45s-525s |  Silent except tick UTC female voice
announcement
525s-60s UTC male voice Silent except tick
announcement

Table 17. WWV and WWVH minute format
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Minute WWV Minute WWVH
0 Station ID 0 No audio tone
1 1 440 Hz 1-hour mark
2 440 Hz 1-hour mark 2
3 3 NIST reserved
4 NIST reserved 4
5 5
6 6
7 7
8 8
9 Storm information 9 No audio tone
10 10
11 11
12 12
13 13
1‘51 GPS reports 1‘51
13 13 No audio tone
18 Geo alerts 18
19 19
20 20
21 21
22 22
23 23
24 24
25 25
26 26
27 27
28 28
29 No audio tone 29 Station ID
30 Station ID 30 No audio tone
31 31
32 32
33 33
34 34
35 35
36 36
37 37
38 38
39 39
40 40
41 41
42 42
ﬁ ﬁ GPS reports
45 45
46 46
47 No audio tone 47
48 48
gg gg Storm information
51 51
52 52
53 53
54 54
55 55
56 56
57 57
58 58
59 No audio tone 59 Station ID

Table 18. Hourly broadcast schedules of WWV and WWVH
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Second

Value

Meaning

DST indicator #2: Changes 24 hours later than bit 55

“1” = Leap second will be inserted at the end of the current month

Year

OB IN|I=

Position identifier P1 (770 ms duration)

A (IN|=

Minutes

20

40

N EE SRS NEEESEINEE

Position identifier P2 (770 ms duration)

N
o

N
=

N
N

N
w

OB IN|I=

Hours

N
N

N
[$)]

N
[«

20

N
~

N
(o]

N
©

Position identifier P3 (770 ms duration)

w
o

w
g

w
N

w
w

OB IN|I=

w
N

Days

w
[$)]

w
(o)

20

w
Ny

40

w
[o2]

80

w
©

Position identifier P4 (770 ms duration)

N
o

100

IN
i

200

Days

N
N

N
w

IS
~

IS
6]

IS
»

N
3

IS
(o]

N
©

Position identifier P5 (770 ms duration)

(&2
o

DUT1 sign

[6)]
ety

10

[$)]
N

20

[6)]
w

40

Year

()]
B

80

[6)]
o

DST indicator: “0” if standard itme, “1” if daylight saving time

[6)]
[«

01s

[&)]
g}

0.2s

DUT1 absolute value |UT1 - UTC|

[¢)]
(o]

04s

[6)]
©

Position identifier PO (770 ms duration)

Table 19. WWV and WWVH time code
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WWVB, Fort Collins, Colorado, USA

Frequency:
Carrier accuracy:
Call sign:
Location:
Operating hours:
Power:

Modulation:

Antenna:

Identification signal:

Time code:

Further information:

60.0 kHz

Af/f <1x10™"

WWVB

Ft. Collins, 40° 41'n, 105° 02’ w
Continuous

50 kW radiated power

Amplitude shift keying. The carrier power is reduced 10 dB at the start of each
second (this corresponds to an amplitude reduction by factor of about 3). If full
power is restored 200 ms later, it represents a “0” bit. If full power is restored

500 ms later, it represents a “1”. Certain reference markers and position identifiers
are sent by restoring full power after 800 ms.

Two antennas, spaced 857 m apart. Each antenna is a top loaded dipole consisting

of four 122-m towers arranged in a diamond shape.

WWVB identifies itself by advancing its carrier phase 45° at 10 minutes after the
hour and returning to normal phase at 15 minutes after the hour. If the WWVB
phase is plotted, this results in a phase step of approximately 2.08 us.

See Table 20

National Institute of Standards and Technology NIST, Time and Frequency
Division. http://www.boulder.nist.gov/timefreq/

YVTO, Caracas, Venezuela

Frequency:
Carrier accuracy:
Call sign:
Location:
Operating hours:
Power:

Modulation:

Identification signal:

Time code:

Further information:

5000 kHz

Af/f <1 x107. Note: Station was observed 35 Hz high in early 2002
YVTO

Caracas, 10° 30’ n, 66° 56’ w

Continuous

1 kW

AM, tones and voice

Each second starts with a 1000 Hz tone of 100 ms duration, except second 30,
when the tone is omitted. A 800 Hz tone of 500 ms duration is emitted at the
beginning of a minute. Time announcement in Spanish in seconds 52 through 57.

Announcement in seconds 41...50: “Observatorio Naval Cagigal — Caracas —
Venezuela”

None

Observatorio Naval Cagigal. http://www.armada.mil.ve/DHN/index.html
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Second

Value

Meaning

o

Minute marker (800 ms)

40

20

=N |00

Minutes

OO INOOGAWN|—

Position identifier P1 (800 ms)

-
o

5N
N

-
N

20

-
w

N
N

-
[$,]

-
[«

-
~

-
©

=N |

Hours

-
©

Position identifier P2 (800 ms)

N
o

N
=

N
N

200

N
w

100

N
S

N
[¢)]

80

N
(]

40

N
~

20

N
©

Days

N
©

Position identifier P3 (800 ms)

w
o

w
=

w
N

w
w

=N, |0

Days

w
B

w
[$)]

w
[o)]

w
]

w
[o2]

DUT1 sign. Note: Inconsistent in NIST Special
Publication 432, not confirmed.

w
©

Position identifier P5 (800 ms)

IS
o

08s

N
=

04s

N
N

0.2s

N
w

0.1s

N
N

DUT1 absolute value: |UT1 - UTC|

N
(&)

80

IS
»

40

N
]

20

IS
(o]

Year

IS
(o]

Position identifier P5 (800 ms)

(62
o

[6)]
ety

[$)]
N

[$)]
w

=IN|»|0

Year

(@)
»

[6)]
a

Leap year indicator

n
[o)]

Leap second warning

[é)]
]

DST flag: “1”, if daylight saving time in effect

[6)]
[o2]

As bit 57, but changes 24 hours later

[6)]
©

Position identifier PO (800 ms)

Table 20. WWVB time code
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Short glossary of terms

BIPM

DUT1

GMT

IERS

Leap second

TAI

uT1

uTC

Bureau International des Poids et Mesures. Maintains the International Atomic
Time TAL. Internet address: www.bipm.org.

Predicted difference between UT1 and UTC, rounded to 0.1 s. DUT1 may be
regarded as a correction to be added to UTC to obtain a better approximation to
UT1. The values of DUT1 are given by the IERS, from where also more precise
values for UT1 - UTC can be obtained.

A number of time signal stations (still) transmit DUT1 values. Usually DUT1 is
coded by emphasized (lengthened, doubled, or split) pulses in seconds 1 through
16 of each minute. The possible range is £0.8 s. When the emphasis is on
seconds 1 through 8, DUT1 is positive; and when DUT1 is negative, seconds 9
through 16 are emphasized.

Russian time signal stations transmit an additional quantity called dUT1 (with
lowercase d) in order to increase the resolution of UT1 - UTC to 0.02 s.

Greenwich Mean Time. Now obsolete and replaced by UTC.

International Earth Rotation Service. One of the objectives of the IERS is to study
and monitor earth orientation variations. IERS announces twice yearly whether
there will be a leap second at the end of the following June or December. The
current deviation of UT1 from UTC is also available from IERS (www.iers.org).

An intentional time step of one second used to adjust UTC to ensure approximate
agreement with UT1. An inserted second is called a positive leap second, an
omitted second is called a negative leap second. A positive leap second is
presently needed about once per year; normally it is inserted at the end of June.

Temps Atomique International or International Atomic Time. TAl is calculated by
the BIPM from the readings of more than 200 atomic clocks located in metrology
institutes around the world. It is estimated that TAI does not lose or gain with
respect to an imaginary perfect clock by more than about 0.1 us per year. TAl is
the basis for UTC.

Mean solar time obtained from direct astronomical observation and corrected for
effects of small irregularities of the Earth's rotation.

Co-ordinated Universal Time. UTC corresponds in rate with TAI but differs from it
by an integral number of seconds. The UTC scale is adjusted by insertion or
deletion of seconds (positive or negative leap seconds) to ensure that UTC does
not deviate from UT1 by more than £0.9 s. In 1999 through 2002, the difference
TAI - UTC was 32 seconds. Time signal stations broadcast UTC, or a zone time
that differs from UTC by an integral number of hours.



