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1 �R��} hJ)./��H\&�'~wL�^l��>�{&fyV
L^�Y3�3��{)8+iX^�Y�3�3��3QT)~w0p-/C% (SHAO) �)6>�~Y�ms+iXoG=w8^SB�#+{R^Kx%T+iX
pe�[)6^M��~{3!� -C Z.b0*��A�\V℄�^t��kK:�� SHAO F8.y�hL�3���R<7;l{RE7�#�ms�y^T+iX�\&^�<�{ SHAO ,E�\�^�Y�+iXw8<R�E^L�M&���2�V� (τ) ?.J[ 1 d^D�Fms�K:&��E2�V� τ ≥ 2/^D�FmsM&�3Q):w8^�o7vX (Æm Agilen 5071A)^.F��? 10−12 �J�/F? (2∼3)×10−14 ��o7TX (Æm Symmetricom  �^8G) ^.F��? 10−13 �J�/F? (2∼ 3)× 10−15 �2004:1 SHAO ?T)~w0)RÆyTh (NTSC){R^ 2%T+iX8E<Q^5�
x.F3/F�7bkp�M&�B�^TX��7�#�y�+iXrqN[}%�o717#o�ms�y^rY5� C98	N NTSC Y�^ 19 % Agilen 5071A v+iX� 2 % Symmetricom ^T+iX3 SHAO{R^ 3 %T+iX^o7^GHp�e6)Q+iy TAI S4T+iX^`℄3 NTSC f�+iyM�^~Y�,E�fD/�Z�R<7sJ�M)��?,EJ)�ms�yk+iX^M&�Y,��f	t��� L�E<�2007-10-06 � e�E<�2008-02-26
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{i5��XrC�[�\��^M6��^�`�.�7�y{ff^�lL)Q2�^yVS4L/Cy�$?+iyÆ��t?yV
L^�fyV~~�^�yiL�s>?��q+iX!8w^yVj12,�\L�3
x (���\3n\) m6M��8w+�A��v��ffs^yVBs���yVBs^ffsn�\{#2�&fyVBs�|^��f^yV~~� (R"? k) �s#s8w3�A UTC 8 ~~�^K�~Y UTC(k) �~yf?�<,�bk# UTC ^&fyVj1�̀ !aI�TAI FA UTC r.�~y^�K�~Y^yVj1����9^Æ TAI − TA(k) � UTC − UTC(k) ^m��(^yVBs�?��H~y^ UTC(k) l�7bk UTC �#s�~~�^+iXqln8w��Fms`�^yVBs TA(k) t? UTC(k) �R^4}�!ÆXqT+iX^o7��y�tS�^&[��J��J+�t~Y℄E^p~���ms�y29�~^}�+iXD�^T:JFms (τ >

1 d) ��.Q}�L.JFmsF τ ≤ 1 d 2�V�^D�Fms�{#��?+iXm>^+iyBs TA(k) �|�S�X^vJD�<v87Q�sp;\d
��h+�~f}�
TA(k) ^ τ ≥ 5 d ^D�Fms�{# UTC(k) ^D�U*���J+29(/�t UTC(k)^D�.\{# TA(k) ^D�$=^	N�2,bXS4T^\B=l�{ UTC(k) ^D�t\�^lE��J��Ch℄}� UTC(k) ^D�. τ ≥ 1 d ^D�Fms�
3 �DXPF�Hou`:{(V`-�8yVD�
��&T�h+�I� Allan �6 (��qF^ Allan �6) 8y'T8�CWO^D�Fms�8)��ms�yI-y�J+3�&h+iX^ Allan �6�T�?J+h℄}� τ ≥ 1d ��J.#~}�qF^ Allan �6��:{#bQ~�T+iX4��/W^D�:JB
^CWO�7��t?�yX5�BPB�I-�J+s�Æ}�
Hadamard �6�B�J+�E� Allan �63 Hadamard �6^M� ��
Allan �6Æ
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6) �g i ��tj3g i + 1 ��tjJV^V�?2�V� τ � M ? yi ^�tj���
N = M + 1 �29�H��(��6�� Allan �63 Hadamard �6=	*� ADEV (F
σy(τ)) 3 HDEV (F Hσy(τ)) (��
4 BIPM N� TAI `Nb�� [2]3Q)QpqA�4�^I���+iX��7�#�y^&f��S7��y^x#h+{#�qX!8w^yVBs TA(k) ^Fmo^�Y�?�)�B�I-� CÆ TAI t?��4�^4}yVBs�Æ��+iX8 TAI S4T7#D℄~Q^`℄�hn	N�
BIPM 8M� TAI y{4TM�^+iXM`�^�X�v 12 �4(4\{# TAI ^4��^&f�6^Y�� �mVÆ
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σk ?X k 4��^&f�6�M�&f�62���V4 (g M 4) 3\�^Q,�v 11�4^��� yi �g i 4^��� ya � M �4^��Hz�V��gN�^X�v�t.[ 12 �4y�Or�� 5 �4^�v�t��J (5) �T^ M ?X k �v�t^4��S
M ≥ 5 � M ≤ 12 � TAI M�T2�\{`� (6) ��E�X k 8g M �48 TAI `S4T^\{`℄L�8 TAI ^~QM�T?v.}�t~UdI-�8J.��_��Lp,^gtT�Æ|E� TAI 3Q^M`��M8��I-�I{#4f�\VFm^��B
 (��7�(�^���KaH�Ka) ^X�$+!D℄^`℄�7
^�L7
1 �ÆWQf|[B�j� HM#### 12 �4^ ya 2? 1.5 ns/d �g��43g M �4^
(yi − ya) y{L�N 7 ns/d �T yi ?Y�9/^Zo$=�4��\{#96KZJ6^rQy{L2? 1 ns/d ��g Cs#### ^��&�/W^:JB
�T4%4JV$=`Q�
12 �4^ ya 2? 0.5 ns/d � (yi − ya) rQy{L2? 3 ns/d �� (5) �M� HM#### ^
σk WgC! Cs#### ^ σk Q℄~��JB�^^`+=��,C�` TAI ^Fms�3y&�C	
�T+iX�~QpBfTXT~�v�\V�(�^��B
�B\X��ÆL
BIPM �(^ �TWGf|[�J+4M� 2007 : 6 44T TAI M�^ 71 %TX3 218% HP5071A vX^^`X���#( 1 ��:J+Æ3J^ 4 �X^X�?Æ��/B�^`^.6�o�Z( 2 �(T 2 %TX^ σk ��F� 2006 : 7 4 ∼2007 : 6 4" 12 �4
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9M�℄[^��JJ+8V,�&{�yXo7�Y^)�T���,}�X8 TAI S4T!D℄^`℄����,�%HX^��?�(�^Fm^:JB
�
8 1  [pE�C�_Y4E�wK-q0X 8 2 3 �Y℄|$ TAIU' ;KC�_Y_��"a ) 5 d _��%>℄[} 1 2007 6 6 r�" T AI !S�p~z�WCD�Z4z��OX!
_ ≤ 0.05% 0.05%< 
_ ≤0.2% 0.2%< 
_ ≤0.5% 0.5%< 
_V[ 44 13 4 10

5071A x[ 48 44 49 77} 2 �k 2007 6 6 r�" T AI !S� 4 Up~z[-P3>z��z�W��D?*��� [
l [2 σk/ns · d−1 "E
_ /%

NIST V 203 0.146 0.011

NIST x 408 0.537 0.551

NTSC V 227 0.557 0.000

NTSC x 2144 0.687 0.449

5 �$p�ou
{�[`-kZJ+2� NTSC 19 � 5071AvX (Cs) � 2 � Symmetricom TX (HM) H 3 �p-/C%{R^TX (HM)2006 :d:\{# UTC(NTSC) ^\B6���[(�X\{# TAI( 5d ^\B6�tu��I TAI—Clock �7M�(��tu�\� 5 d ^6 (=? 5 l6) FÆ 5 �I℄[(�X\{# TAI ^( 5d ^��$=\Z�LT 3 �X^��$=\ZZ7 2 �
5.1 �

�y�=y� ADEV � HDEV BbJ+�(�X\{# TAI ( 5 d^\B6�tu�	*M���X^ ADEV3 HDEV�2�V� τ ? 5∼60 d �/h 5 d �%7 2 \�^ 3 �X^ ADEV \Z3 HDEV \Z	*Z7 3 37 4 ��7 2 �7 3 �Æ/W|E HM226 ��vJ,p7d��J8 τ = 5d ^2�V�p^
ADEV d# 2� Cs X�T�/W^D�B
� τ ≥10 d y ADEV /WQ# Cs �7 3 T 2�



� 292 �������0�D�x�i�?������� 26 w�vX^ ADEV \Z�kk^vX Allan �6\Z�8 20< τ < 70 d �vX(YEÆ random

walk frequency modulation ?bZ^<v	k [3] �L7T|E τ ≈35 d y ADEV N[\Z^H(e0 (flat floor) �,_8yVIiL�ms`
� Cs +iX? HP5061 ?b^X�V�
BIPM 2� 60 d t?��M�V��Æ�: 6 � TAI—Clock ^�� (( 2 �4��L) M�X^`℄�Æp�� TAI—Clock ^��t?V4^��)�L�L 1996 :{��?(4M��K�ÆQ�4 TAI—Clock ^��t?V4^��)�L�B3 τ ≈35 d y ADEV N[\Z^H(e0�\�^�{#i5��yV~~��M� TA(k) �r�}�3�^I-��JLD℄�Fms^+iyBs^_sE��J+�Æh℄}�+iX^4Fms�

8 3 3 �Y℄|$ TAI _ ADEV ℄[ 8 4 3 �Y℄|$ TAI _ HDEV ℄[�7 3 37 4 �Æ|E�l' HM 226 ^ ADEV 8 τ ≥10 d y ADEV /WQ# Cs �T�8 τ ≤35 d y HDEV e/Wd# Cs �BF�/B�^TX�Fm^D��6B
��S8 τ ≈30 d y HDEV \ZN[H(e0��J�2� τ ≈ 30 d ^M�V���Zo96��M�p�� 30 d TX^��$=�t?VQM�^ 30 d TX��$=^)�L�8M�+iyBsy�FB\��$=9�7}�`℄^M��Æ��e^�
5.2 �s R TA(k) F)�=y9/8j�KRH,J+p'f�tQ�xyV (1∼2 �4) TX (HM)i ^ TA

′

(NTSC)–HMi ^��Zo$=� di �)�!rM�yVx (1 �4) ÆX^��$=�8M�`℄y2��F��# di �M^��$=9^4����M� TA
′

(NTSC) =2� �Æ
zt = zt0 +

∑

i

Wt(i)
[

xt(i) − xt0(i) − ri(t − t0) − di(t − t0)
2/2

]

, (7)�T zt =
[

UTC(NTSC)− TA
′

(NTSC)
]

t
�IM�℄[^ t y�^L�V& t0 ? M�yVx^M�y�� x(i) = UTC(NTSC) − Clock(i) � ri ? M�yVx^M�y�X i ^���J+��3yJ^ 8 �vX�t3�LT3�^ 6 �vXTp 2 � Symmetricom TX^�t����++iyVBs TA(8Cs) 3 TA(6Cs+2H) �$+\{# TAI ^\ByV6^ ADEV �t3\ZZ( 3 37 5 �L( 3 �tL�Æ|E8.3^2�V�p

TA(6Cs+2H) ^D�FmsG pr! TA(8Cs) �����J� ��~Æ�/�N�J+2��V^+iyM�����ÆQQ�Av�FmD�B
^TX^�yt��3y,�f�+iy^:J3vJFms�
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8 5 TAI-TA(8Cs) 4 TAI-TA(6Cs+2H) _E�Gnt} 3 T AI − T A(8Cs) � T AI − T A(6Cs+2H) �:0^�
 (ADEV )3�W� (τ/d) 3�W� (τ/s) ADEV ×1015

TAI − TA(8Cs) TAI − TA(6Cs+2H)

5 432 000 5.73 4.98

10 864 000 3.80 3.65

20 1 728 000 3.12 2.56

30 2 592 000 3.64 3.02

40 3 456 000 3.70 3.15

60 5 184 000 4.81 4.15

100 8 640 000 8.19 6.99

5.3 ADEV n HDEV �z&J+� NTSC 19 �vX3 5 �TX^ ADEV 3 HDEV \Zhn�!`�7 6 37 7	*�E� 2 %vX3 2 %TX^X�t?Æi�J+Æ NTSC x~�vX�t^b`Hzm>^��`Fm^yVBs TA t?4}��	NBfX^��$=X��87 6 37 7 T�s7� TA-Clock ^l6\Z�!7� ADEV (&P? A) 3 HDEV (&P? H) \Z�L7T�Æ|E�.'vX^��,p?}%X��N�$+^��&�/W^:J

8 6 ���wY_��%>4 ADEV � HDEV ℄[
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���X^ ADEV 3 HDEV \Z�9bk�7 7 �/�:J��B
^TX^ ADEV3 HDEV \Z^6�7Q�7 7 T HM 45 ��% SHAO {R^TX�$^:J��B
d# HM 226 �T��,p7Q� τ ≥30 d y� HM 45 ^ ADEV ! HM 226 ^ ADEV d�g�8!�2�V�p� HM 226 ^ HDEV r//d# HM 45 �
8 7 ���UY_��%>4 ADEV � HDEV ℄[

5.4 �7�o}yJ�2�MFyg���.ot�%l�tp�	N�ÆH BIPM 8M� TAI y��X	>`℄ [4] ^4M	N�J+℄�8<yFXm��X��#o�y�Yy��Æp,2�:^:J6d�^℄o#^�t9�vXÆ τ ≈ 30 d ^ ADEV ?	t�TXÆ τ ≈ 30 d ^ HDEV ?	t�} 4 �m BIPM Q0�D|�yX!�z�Q0~�
σ(τ ≈ 30d) �T��D|��w�_

σk/ns · d−1 ^�a ADEV ^}
_6Of+ /%

1.2 7.85E-15 0.1

0.55 3.55E-15 0.5

0.4 2.74E-15 1.0�t BIPM �(^ 2006 :X^��3`℄ ��J+4M�� (5) �!M�^ σk 3�X!D℄^`℄QQ&Sm( 4 !��(T�E^	\�^ ADEV 
��t+iX?Y random

walk frequency modulationy���,p^&f�6b# 3� Allan�6�9�^��J�Æ℄Ee��V��X&�/W:J��B
y��Æ�( 2�t τ ≈ 30 d^ ADEV F HDEV �$M$�78 TAI S4TD℄^`℄�J+j?8VQ+iX^4M�Hp���7#o�ms�y^+iX�8 TAI S4TOr�Æ7D℄2? 0.1% ^`℄�L ADEV (τ ≈ 30 d) �Æ�# 7.85E−15,Or�Æ�# 1E−14�{#�:J��B
^TX�|�#s}� HDEV ��7 4�Æ|E�����B
7Fm^TX^ HDEV 8 τ ≈ 30 dy�#/^vX^ HDEV �7 6 "�/�vX^ HDEV 3 ADEV 8\3^ τ Ly�Lp�bk^��JJ+kg�Æ�( 4 ^�L�TÆ<y�I��7#o�ms�y^+iX�8 TAI S4TOr�Æ7D℄2? 0.1% ^`℄�L HDEV (τ ≈ 30 d) �Æ�# 7.85E−15,Or�Æ�# 1E−14 �( 5 �E� NTSC 24 �+iX 2006 :d:�tM�^2�V�? 30 d ^ HDEV �LT�Æ|EBfX^QQX��LT Cs1007 � Cs 1823 � Cs 2141 D�,p`Q� Cs 1018 v�



� 3 ; ;G0��nt�z|,jYp8_�Z 295�0l� HM45 � HM46 � HM03 � SHAO {R^TX�BfX�Æ�q.7#o�ms�y�t^rY� } 5 NTSC �p~z 2006 6�f#�[ 30 V� HDEV

Cs 1007 Cs 1008 Cs 1011 Cs 1016 Cs 1017 Cs 1018 Cs 1818 Cs 1820

2.69E-14 4.47E-15 1.11E-13 4.46E-15 5.03E-15 3.23E-13 3.66E-15 3.89E-15

Cs 1823 Cs 2096 Cs 2098 Cs 2131 Cs 2141 Cs 2142 Cs 2143 Cs 2144

2.08E-14 6.16E-15 3.43E-15 2.05E-14 2.93E-15 3.22E-15 5.45E-15 5.45E-15

Cs 2145 Cs 2146 Cs 2147 HM 03 HM 045 HM 046 HM 226 HM 227

3.10E-15 4.42E-15 4.30E-15 1.28E-14 2.40E-14 2.66E-13 2.80E-15 3.01E-15�(\`Æ
[1] USER MANUAL Stable32 Frequency Stability Analysis. http://www.wriley.com/datasht4.htm, 2007

[2] Thomas C, Azoubib J. Metrologia, 1996, 33: 227

[3] Thomas C. Handbook Selection and Use of Precise Frequency and Time Systems, Geneva: ITU, 1997: 121

[4] BIPM, RELATIVE WEIGHTS (IN PERCENT) OF THE CLOCKS FOR INTERVALS OF ONE MONTH

ENDING AT THE GIVEN DATES, Jan.—Dec., 2006, ftp://62.161.69.5

[5] BIPM, MONTHLY RATES OF TAI-CLOCK FOR INTERVALS OF ONE MONTH ENDING AT THE

GIVEN DATES, Jan.-Dec., 2006, ftp://62.161.69.5

The Performance Requirement for Atomic Clocks

in high Precision Time Keeping

WANG Zheng-ming

(National Time Service Center, Chinese Academy of Sciences, Xi-an 710600, China)

Abstract: With the analysis of ADEV and HDEV for NTSC’s more than 20 atomic clocks

as well as the BIPM publications of rate and weight, the usability of a clock in high precision

time keeping is discussed. The weighting method used in TAI calculation is briefly introduced

and its disadvantage is discussed. The way used in TAI calculation to evaluate the quality of a

clock is only suitable for a clock without long frequency drift such as cesium clocks (Cs) but not

suitable for a hydrogen maser (HM) which is of very small short frequency variation and regular

long frequency drift, which may be endued with high weight in the calculation of atomic time

scales as long as an appropriate algorithm is used. The statistic analysis of weights endued to Cs

and HM in TAI calculation is given in this paper which shows that most of the HM don’t have

contribution to TAI. Therefore, there should be a better method to evaluate quality of atomic

clocks for time keeping. It is recommended that HDEV should be used to show whether a clock,

especially a HM, could make contribution to high precision timekeeping, and our recommended

criterians are that the value should reach at most less than 1E-14 of ADEV for a Cesium clock

and HDEV for a maser with the sample time, τ ≈ 30 d, if a clock could be used in time keeping.

Key words: atomic clock � time keeping � Allan deviation � Hadamard deviation


