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1 (% �C%W3~z�AgZkK�g%�\(ixH(VgC%Wh7q�pqg5\�BL Lac ~z\�ixH(V:?gh-TI�C%.:J�pb�/-�;1�y�;℄C%�C%K*A{Sw~w��kP�;x`g�6W($�}�;C�gP{�E5�;℄=KZv�tZvgC%K*�C%K*�4�1�C%g?UNmtK�^Gi��qx8℄T�℄� BL Lac ~z:D�:t��LMDg?E&�5P{C%K*?m<y�A'�'Y=�\�{i [1].� C%A�g���[��V�h=�>gA�� ��-fv-?�Jurkevich���K:5?� �� CLEAN h��7j�� ���=1� ���(��� ����:Ob�i���{F� C%Q_gA��%r�<y�:gA�	�� ��.\�<y�:gUgGyJ��(��� ��:ge�� ��i�q�LM���!\(��K+u%���� AA�C%W�>g [2−6], _%�A�� ��g9{�hvg��W*3N�9��K9{w=4�g�y� ���b,�L�!
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2 � � Y � 53 2� �?mjf��?Eg�l���u6P{v*2��FNLgMUSIC h��o?{���;9W7j�<y�[�w�� MUSIC h��YZW$C7ny{�1aX�9g<y�	eh?7�7j�<y�e[?���1�%=h�mRg,`E&�?�.�℄.\�<yh�g(�(vN��a�A{%�k�
L>!��^��{%=���;�kE�!*f(�(jW(�vNg�<y�
S5 0716+714 Wh<Hxg BL Lac ~z�A�mFh1^?K�5 Impey i [7]� S5 0716+714�L℄AX 3 yr gCW�;� Qian i [8] S 1994 � 2000 ��:I=WÆI}~�qIh�; � S5 0716+714 �L℄CW�;� Nesci i [9] S 1995 � 2� 2003� 3 �� S5 0716+714 CW1�gC%�L℄�;�����;b,���l�[�W${4���fY65�gAC%A����$E��℄ MUSIC 7j�<y��gl�
L�
 MUSIC h�{kE�!gy�ES�L�`��℄`- MUSIC h�{�AA�C%� g~VN��9)℄�A�	h��L!�g�T��℄�!4�A�� ��y{>K�
 MUSIC �<yh�W�3A�	h�{� BL Lac ~z S5 0716+714 CW V � R � I 3 -1�gOOC%Q_:�� ?�U�gAC%A��0�%X=��gyh�K�L�^gul�

2 MUSIC 	s~mj}a*�
MUSIC h�W�?ES�I (Multiple Signal Classification) gx�lA� MUSIC�<y�W���<yx`grJ\+�o2,+)v*��Ll�
E&���CX-,gT��uEST��W�FT����M�FT��gPZWEST��gPZg,N�?m<yES:m�Ng�jC��S	fESA� [10].ES:WU��q'I*gESW&0�F��q���%�ES�L�K�n8��&0g�F� MUSIC h�)W�Mv*��
�{gESS&0g�F:x)IF��ES�jN7j�I.�2�	��nn�2�=�4�;a�gA{ N Y�ki� P + 1 (P �ESg-b), )?m<yIa�:m�g�j��2,A�W�jgab?fA��
� gES:	Cb,9Z x = [x0, x1, · · · , xN ]T, T: T +UM7�h��og5?+)�

Rx = E[x∗

x
H] , (1)T: * +U�9℄�h�� H +U9℄M7�h��+) Rx gv*2��?+U�

R̂x =

N∑

i=1

λiν
∗

i ν
H
i , (2)T: λi �o i -v*2� νi ��y� λi gv*9Z�ES� p -ESW�>� σ2

ng�7�FZC��
λ1 ≥ λ2 ≥ · · · ≥ λp > σ2

n, λp+1 = λp+2 = · · · = λN = σ2
n . (3)



1 � t ��R} MUSIC jÆ�" BL Lac �| S5 0716+714 E'C� 3%�v*2 λ1, λ2, · · · , λp �ygv*9ZZCES���og5?+)� Rs, v*2 λp+1, λp+2, · · · , λN �ygv*9ZZC�F���og5?+)� Rn, t	�
Rx = Rs + Rn =

p∑

k=1

λkνkν
H
k + σ2

nI . (4)�EST����FT��g,N�?mf MUSIC h�g�<y [10]:

P̂ MUSIC(f) =
1

N∑
i=p+1

|eHνi|
2

=
1

|eHV n|2
, (5)

e = [1, ej2πf , . . . , ej(N−1)2πf ] +UES9Z� V n = [νp+1, νp+2, · · · , νN ] +U� N − P -dv*2�yg Rx gv*9Z� e
H
νi W e ��FT��>g�z��y�ES:�Ngp-�j fi, PMUSIC yhI.h-�2

P̂ MUSIC(f = fi) = max
f=fi

1

|eHV n|
2 = P̂max . (6)�L|y{:���
 f b��b�-i�0^��
p- fi �-\6>Tyh

P̂ MUSIC(fi), %Im��2m�yg fi, #��g�2e)-v℄ES�j�
3 ��uh/�#yj���&�℄�` MUSIC �<y�g?;NW~VN��{h-y�ESF`-o�09)��3A�	h��L!�g�T���L|~��;gESWU�P�F�y�ES��N℄ 3 -�jC�gESWh�FZC�u

x(t) =
3∑

i=1

Aisin(2πfit) + ξi , (7)�: A1 = A2 = A3 = 6, f1 = 0.1 Hz, f2 = 0.15 Hz, f3 = 0.3 Hz. �℄4.\+N�)�j f1 W f2 5>4��W f3 5>�Y��;�F ξi W(gÆ�F��℄�!X�� ��9�N��E6�kE�!���Y`:�Ha�j� 1 000 Hz, �R9aqb� 256,�9amfU`�-�L�3A�	W MUSIC �<y�ESt��<y�K5	 1 mU�	:\D+U�j�XD+U7j�<yg�{2��℄�I�2���9{Gh7j�	��y�ESb,9aqb) 256K�X=��y�N-n�;IES�j�5	 1(b)W	 1(c). `E6�k9aqbK� MUSIC h�fg�	 1(b) l�4%�`a�Z�?�9aqb� 64 K��3A�	h���F�%B��j5,[�g 0.10 Hz W
0.15 Hz gX-ES�B��(IF_�	u-�?u.:�5	 1(d) mU�5K9aqb��?�%X-ES$�(47℄�`�kE�!K�MUSICh�fg�	h?Hh�n�.:�_4h&0ES�2g,-����3A�	h�>K4>�hI.[����&0F��jg���



4 � � Y � 53 2�Mm>y�ES�'?/� MUSIC h�uQa�Z�?K�e?m�M�kh�gLKNFx(�j<yg�(j��;S����2#�yg�j��jgab)WESgA���kE�!g"C*�e��Mn8�F
ESN-�;IF��~��;MD:�����sgz6��;Q_^�&�F&0���A�	�� ���?�f�A����N-N-IES�j�	 MUSIC �<y4��kE�!"C*N-n�;IES�j�>sg�'�K-L℄ MUSIC h��;A�g?LNW~V�

� 1 {�GU	 (a) �S3K�� (b) MUSIC �� (c) �5C��� (N=256); (d) �5C��� (N=64)

Fig. 1 The modeling signal. (a) The original oscillogram; (b) MUSIC power spectrum; (c) Average

periodogram power spectrum (N=256); (d) Average periodogram power spectrum (N=64)

4 ~�zq� BL Lac �� S5 0716+714 jw/�
BL Lac ~z S5 0716+714 /1�g%J�pb�S�
.mF�U���gCW�;b,�l
+g�1+uo.�~K*C%�:iK*C%WAK*C% [7−9,11−23].�℄-v'LA���AK���;Y;�gb,Q_W#g���Zr℄S 1994� 2008��� S5 0716+714 CW V �R � I 3 -1�g�;b,��: Qian i [8] �

Raiteri i [11] 0I℄ 1994 � 2001 �g�;b,� Montagni i [12] 0I℄ 1996 �
2003�g�;b,�[�w�g�;b,F�Wu i [13−14] x8g 2003� 2006�



1 � t ��R} MUSIC jÆ�" BL Lac �| S5 0716+714 E'C� 5g�;b,�mt Poon i [15] x8g 2008 �g�;b,�Zrg�;b,!!^ i
[16−18] � S5 0716+714gC%A�b,��nq0I℄ S5 0716+714 CW V � R �
I 3 -1�gC%(4	��L|~��;:���h-��h��;�:�L�R;Z�t	h-�gb,qh!���	%eW�C�Fg
t0h��A�� 4P��℄;L%hz6�
Zrg S5 0716+714�CW I � R � V 3 -1�gOOC%Q_gb,�Lh-�gh`�3NL���o��;b,gq{�=�%fgb,}\��
%�b,
Hg,℄:CCgK�U`�{ MUSIC h�W�3A�	�� ���-�%��LM	NLgi�,�;b,�LAA�NC%� ��3A�	h�W MUSIC h�fg S5 0716+714 CW I � R � V 3 -1�gAA�C%	5	 2 mU�	:\D+U�j�XD+U�<yg�{2�	 2(a) �	
2(c) �	 2(e) W{ MUSIC h�fg�K�	 2(b) �	 2(d) �	 2(f) W�3A�	h�fg�K�	 2(a) �	 2(b) W I 1�g� �l�	 2(c) �	 2(d) W R 1�g� �l�	 2(e) �	 2(f) W V 1�g� �l�9�|�jN�u-g�2��?�v
�;U`:!�j�Zg7j��{�Y�WU`gh-FA��Z��M 6 -�	?m8I���j� (0.025± 0.0006) month−1 N�7j��h-u-g�2�fu�;b,:N�� (3.33± 0.08) yr gA�C�� (3.33 ± 0.08) yr %-FA���n�1� g�l5�Z [6,11,17−18].� S5 0716+714�L�� g}gW#Iw:�OOC%Q_b,:g/FA��Z�_��/FA��Zg\{�{4����	>\{�{[YgA��Zu�y��gFA��Zh��o�(�	|��{�=gA��Z�o�_%�	 2(a)� I1�F��{��Y��2!��8��on�yW�sg�4U�u-gR��b,A�N��u-��	 2(b) �4:e�-R���jW (0.032±0.0008) month−1,��ygA�� (2.60± 0.07) yr, %h�K�n\$y�x��yg(�[=�W�W'LgC%A�eR4�gQ_F`-�� I 1�� MUSIC h�WA�	h�.�w^5�g�j<y${�	 2(c)F��j4Æ,� (0.025±0.0006) month−1,U�?Zg�4Æk.:��4!�Ca�F�B{!�B��C<y�>�e�hR��jW (0.067± 0.001) month−1,R��{5�F�Ff4Wr=��ygA�� (1.24±0.01) yr,%h�K�!^ i [16]fg 1.10 yr ��h6�0�!^ i3� 1.10 yr ?�W Raiteri i [11] fg 3.30 yrW�A�?(��Q8F 1.10 yr gA�?�8W',gA��5K%agd�%hA�?�04W%h~zg',A��	W��n$UMu6g� 1.10 yr mW�W',gA�Rm℄g�;+-L�S	 2(d) ?m8I�eU�h-RA�� (1.24 ± 0.01) yr, A�	h�fg�	U�T����
tW%���m{g�;b,g9ZjG�E�!�(��>mtb,�5vN�	 2(e) �hR��j� (0.062± 0.007) month−1, A�W (1.34± 0.01) yr, W	 2(c) �	 2(d) fg (1.24± 0.01) yr U�>s�
tW���;b,WW�3A��7j�<y:�ES��g5?+)W��3Ab,<yIFg�V1��;b,U �
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� 2 S5 0716+714 �>{�	 (a) MUSIC jÆ (I 3�); (b) �5C�� (I 3�); (c) MUSIC jÆ (R 3�);

(d) �5C�� (R 3�); (e) MUSIC jÆ (V 3�); (f) �5C�� (V 3�)

Fig. 2 The power spectrum estimation of S5 0716+714. (a) MUSIC power spectrum (I band); (b) Average

periodogram power spectrum (I band); (c) MUSIC power spectrum (R band); (d) Average periodogram

power spectrum (R band); (e )MUSIC power spectrum (V band); (f) Average periodogram power

spectrum (V band)
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5 ��

BL Lac ~z S5 0716+714gC%A�� \(.�ljfT��K��~K*C%g\(-UIU�~K*A��	�AK*C%g� \(e-U℄AA�N9�Heidti [19] fgCW1�?�A�� 4 d, Wu i [13−14] 
.o� 0.17 d � 0.11 d � 0.23 dgA�� Qian i [20] 3�A�W 10 d, Quirrenbach i [21] ;ogA�S 1 d %
7 d, Ma i [22] jf℄ 14 d gA�� Sagar i [23] W�IgA��� 30 d, Katajaineni [1] �;ogX-[YgZgK��,� 60∼70 d. Raiteri i [11] 9{K:�Sg%f�K:5?� ���:Ob�
.ogCW1�C%A�� 3.3 yr, As1�gA�� 5.5∼6 yr. !^ i [16] fgCW B � V � R � I 1�A�� 1.1 yr, nq{=1� ��fgA�� 1 160 d[17−18],Qian i [8] 
.�� 5.3 yr gC%A���q�Zr[Cg�;b,glM>��,℄{UgG��We���� S5 0716+714 gC%A��CW1�?C�L� ��K
. S5 0716+714U�Y� 3.33 yr W 3.47 yr gA� [6].�Q8FQg%vNW�.�h-k�-A�C�eU�+r�uQ{�h-b,a���C%(4:IgA�Ne�4����
 MUSIC �<yh�W�3A�	h�{� BL Lac ~z S5 0716+714 CW
V�R�I 3-1�gOOC%Q_:�foqgA�� (3.33±0.08) yr�(1.24±0.01) yr.%-�lW Raiteri i [11], !^ i [16−17] 9{�n��fg�ll�Wh6g��Z�'Y`W BL Lac ~z S5 0716+714 C%A�� �fu℄A�	�m��L$	 %����$W?P{ FFT yh>j(i~q�lC�7j�<ygh=l����_`�;b,4Wr��E�!�kg"C*�?�I.S���.:�b6fW�gA��z6℄��L|:gy{�WzFf�MUSIC h�P{℄v*2��NL�-H"=℄kE�!*g�<yN��.�[(g�(j�SLl>f?mX�3g${�W.\�<yg\+�a�A{�~Ke?m�N-<yES:gA�C��%�P{~��;b,� A��?gy{�2�og<y${~�A�	h��	���j�(jeu-Q�A�	h��," 'BD*2S)�z��0xI℄T��HgD*p��'B�"YW~�(�W/Æ℄x83nW'gohW3b�'B;#L5WÆ!qu�Y
��uH����1Z��Y6�iÆ℄�+�"YWW'g.F�'B;#L5WÆyh�LPC��l�QI� f � � �
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An Analysis of Periodic Components in BL Lac Object
S5 0716 +714 with MUSIC Method

TANG Jie
( School of Physics and Telecommunication Engineering, Shaanxi University of Technology,

Hanzhong 723001)

ABSTRACT Multiple signal classification (MUSIC) algorithms are introduced to the esti-

mation of the period of variation of BL Lac objects. The principle of MUSIC spectral analysis

method and theoretical analysis of the resolution of frequency spectrum using analog signals

are included. From a lot of literatures, we have collected a lot of effective observation data

of BL Lac object S5 0716 + 714 in V, R, I bands from 1994 to 2008. The light variation

periods of S5 0716 +714 are obtained by means of the MUSIC spectral analysis method and

periodogram spectral analysis method. There exist two major periods: (3.33 ± 0.08) years

and (1.24 ± 0.01) years for all bands. The estimation of the period of variation of the algo-

rithm based on the MUSIC spectral analysis method is compared with that of the algorithm

based on the periodogram spectral analysis method. It is a super-resolution algorithm with

small data length, and could be used to detect the period of variation of weak signals.

Key words BL Lacertae objects: individual, galaxies: fundamental parameters, methods:

analytical


