Guideline of Uncertainty Calculation Document ID 112_1


Service category 1.1.2

Basic information

· Quantity



Time scale difference

· Instrument or Artifact


Local clock vs. UTC

· Instrument Type or Method

Comparison against predicted UTC

· Measurand Level or Range

-0.5 s to 0.5 s

· Measurement Conditions

· Sampling number


100

· Input Slew Rate


0.5 V/ns
Instruments

· RF Distribution amplifier

HPDA-15RM-B (SpectraDynamics, Inc.)

· Pulse Distribution amplifier

10188 (TimeTech GmbH)

· Cable




FSJ1-50A (Andrew)

· Time Interval Counter

SR620 (Stanford Research Systems)

Measurement configuration

[image: image1.wmf]ns

 

13

ns

 

12.2

)

10

(

)

0

.

7

(

)

Deviation

 

Standard

(

)

Average

(

2

2

2

2

)

prediction

(

<

u

=

+

=

+

=


List of uncertainties

1. UTC(NMI) Prediction Uncertainty (30days)

2. UTC(NMI) Link Uncertainty

3. Delay Measurement Uncertainty
4. Distribution amplifier Uncertainty

5. Cable Uncertainty

6. Counter Uncertainty

7. Counter channel differential delay 

Details of Uncertainty calculations

1. UTC(NMI) Prediction Uncertainty (30days)

a) calculation 1

· Average


7.0 ns
· Standard deviation

10 ns
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· Comments

· Calculated from an average and standard deviation of UTC-UTC(NMI) published in circular T 2010.

· In this calculation, we assume offset of UTC(NMI) is always zero and fractional deviation is treated as an uncertainty.
b) calculation 2

· Maximum difference between UTC-UTC(NMI)

23.4 ns
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· Comments

· We assume the distribution of the maximum value of time difference between UTC-UTC(NMI) as rectangular.

c) calculation 3

· Standard deviation of the frequency between UTC-UTC(NMI) at 30 days.
2.2E-15
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· Comments

· When you use this calculation, you have to include last data of UTC-UTC(NMI) in the time scale difference calculation.

2. UTC(NMI) Link Uncertainty

· uA

0.3 ns  (worst value in Circular T published last year)
· uB

4.8 ns  (worst value in Circular T published last year)
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3. Delay Measurement Uncertainty
· 5071A accuracy

1.0E-12
· Measurement period
1000 s
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· Comments

· This uncertainty is caused by delay measurement between UTC(NMI) and calibration system using portable clock method.
4. Distribution amplifier Uncertainty

10188 (TimeTech GmbH)

· Temperature coefficient
10 ps/degree
· Output jitter

20ps
· Temperature variation
+/-1.0 degree
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5. Cable Uncertainty

FSJ1-50A (Andrew)
· Temperature coefficient
0.036 ps/m/degree
· Temperature variation
+/-5.0 degree
· Cable length

60 m
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6. Counter Uncertainty

SR620 (Stanford Research Systems)

· sampling number

100

· Timebase error

5E-13 @1s
· short term stability
5E-13 @1s
· Input Slew Rate

0.5 V/ns
· Trigger setting value
1.5 V
· Time interval

1 s
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· Comments

· You have to refer manual of your own time interval counter.

7. Counter channel differential delay

SR620 (Stanford Research Systems)

· channel differential delay

500 ps
· Comments
· This uncertainty cannot be reduced by averaging.
Uncertainty Budget table

	
	Source of Uncertainty
	Uncertainty ns
	Type
	Distribution
	Conversion factor
	Standard Uncertainty ns

	1
	UTC(NMI) Prediction Uncertainty (30days)
	14
	B
	Normal
	1
	14

	2
	UTC(NMI) Link Uncertainty
	4.8
	B
	Normal
	1
	4.8

	3
	Delay Measurement Uncertainty
	1.00
	A
	Normal
	1
	1.00

	4
	Distribution amplifier Uncertainty
	0.023
	B
	Rectangular
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3


	0.013

	5
	Cable Uncertainty
	0.02
	B
	Rectangular
	
[image: image10.emf]√

3


	0.01

	6
	Counter Uncertainty
	0.1
	B
	Rectangular
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3


	0.06

	7
	Counter channel differential delay 
	0.5
	B
	Rectangular
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3


	0.3

	Combined Uncertainty
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	Expanded Uncertainty (k=2)
	30


History
· 2011-12-xx first version.
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