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Time
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Timescales
• UT1 - Universal time is defined by the Earth's rotation, with adjustment to polar 

wandering
• TAI - International Atomic Time is defined as the weighted average of the time 

kept by about 200 atomic clocks in over 50 national laboratories worldwide
• TAI-UT1 was approximately 0 on January 1, 1958

• UTC - Coordinated Universal Time is a multiple number of SI seconds
• UTC differs from TAI by an integral number of seconds
• When needed, leap seconds are introduced in UTC to keep the difference between UTC 

and UT1 less than 0.9 s
• UTC was introduced in 1972

• GPS - Global Positioning System, does not have leap seconds
• GPS is 19 second difference from TAI
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UT1 - UTC



Leap Seconds
• POSIX definition of time is simple:

• 86400 times number of days since 00:00:00 
January 1 1970 UTC

• Within a day number of seconds since 
midnight

• Understand leap seconds

• GPS have similar issues
• Signal:

• Weeks since Jan 6, 1980
• Milliseconds within a week

• Week is 10 bit counter
• Wraps every 210 weeks (~20 years)
• Did wrap April 7, 2019
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UTC POSIX Time

2016-12-31 23:59:59.0 1483228799.0

2016-12-31 23:59:59.5 1483228799.5

2016-12-31 23:59:60.0 1483228800.0

2016-12-31 23:59:60.5 1483228800.5

2017-01-01 00:00:00.0 1483228800.0

2017-01-01 00:00:00.5 1483228800.5

2017-01-01 00:00:01.0 1483228801.0

2017-01-01 00:00:01.5 1483228801.5
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Phase error: C



● Signal propagation time: ∂
● Additionally:

○ Variation in propagation time
○ Asymmetry in propagation time
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X

The more stable the frequency 
source is, the less dependent 

you are of other clocks



Cs Frequency Source

Phase & Frequency 
adjustment

NTP

PTP

Common view GNSS

22

NTS



Nodes
• Stockholm

• Two locations
• Malmö
• Gothenburg
• Sundsvall
• Luleå
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PTP and GNSS

Arista 7130L NTS FPGA

Measurement- and web servers

NTP Servers

Frequency generator (Cs)

Frequency measurement

Frequency amplifier

Frequency and phase adjustment

Frequency distribution
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New: Time offset +/- 1*10-8, or 10ns



Recommendations

• Ensure you know what time it is
• Measure frequency and phase errors

• Get time and frequency from multiple sources
• Compare them with each other

• Know the stability of the oscillator you use
• Make a risk assessment of errors
• Compare with acceptable errors

33



References

• From Sundials to Atomic Clocks: Understanding Time and Frequency
• Jespersen, James and Jane Fitz-Randolph, 

(http://tf.nist.gov/general/pdf/1796.pdf – 26 MB, 306 pages) 2nd (revised) 
edition, Mineola, New York: Dover Publications, 1999 ISBN 0-16-050010-9

• Longitude: The True Story of a Lone Genius Who Solved the Greatest 
Scientific Problem of His Time

• Dava Sobel 1995, Walker Publishing Company, Inc., New York, ISBN 
0-8027-1312-2

• Market-driven Challenges to Open Internet Standards
• Global Commission on Internet Governance. Centre for International 

Governance Innovation and Chatham House. GCIG Paper No. 33. Patrik 
Fältström, May 20 2016

34


