
���������
	��	��������������������! #"%$%���&$
')(+*%,-/.1032)465 '879(;:%(1'8<=<)>

?/@
ACB8DFE�GIH8JLK8H8MONLPRQSQTHUHWVXKYHWZUN�H[MO\=MONLPRPR]#^C_H=`8acbU^Sd�PeV�^f][D6g�QSMhMO^Si8H8MLNLPRPjNkbli8HYN
m%n ACo!Eqp r)ACo!EFsut8rvAwoXxy?8EFszr)AwoXx{tUE
m}| ACo!Eqp r)ACo!E!x{rUACoXx~t)E

ACH)E���g=bvd6bWMON�H[K8HWMLK8H8d�^TKU\)NLKWPeV�V _HWV�^T]�D6g=QSMLML^�iWHWMONLP�acH�ML^S^fJcNhbW�3g�V}KUNL^Sb�@
Aw�FE���H/MLKWP�KlHWMhKYH8d}^SKv\)NLK/PRV}V _H/V�HW]�D}QS^�Ng=d}^���aOH{iWHW^TZ=P�iWH8MONLP�MLP�K _H�Z6HWZ}]�b8NLNLP�QTP�V _HW^Sd6PRV

K=g)i8HWH8aOHYNR@
Aw�8E���^�NhPRVXMO\=McNhP�Pe][^fPRVXJO^fV�V}HWV�Kv\)NLKWPeV�V _HWV�iWH8^fZ=P�K _HR\)NON _He\vN�\v\}�

t)@
ACB8DFE6G�H8JLK8H8MONLPRQSQTHUHWV�HWV}H8QSb/�W^TMcNH�ML^T�/V�H/H8QT^TH)`�aOb/V�KYH�MhD9P�KvNhJO^/b/V�P�Mh^SNLPjNLN�\�K=g)i8H/MOMhH�?W@�A��)D%P�KvNc�
JO^�bUV�MO\�]#][P�NLJL^TV}PRV�bUJO^T�WbUV�Mhg�ZUNhP�PRVF��K=g)i8H/MOMhH�b/V�D}^S^SJLJLPjNON�\�iWH8^fV�D9bWMh^SNL^S^�i)^fMLPjN�NhH/HlaOg6gv�
d�P�N�@�E�� _He\vNON�P�PRV�b8NLNLbWNhHWHYaLg�g�M+b/V�]�bWQTPR]#]�^SMhMLH�K/b/Z�d�^SMLM�HXACH)E aLHXAw�FE¢¡#K)£¥¤/@
ACH)E���H/MLKWP�aLH[D}^S^SJLJ _H[MO\�VUN¦\)i _HWV�d}^S�W^SNhHWHWQS^SMLPlVXMO^T�/V}HWHWQS^TV�MLD9P�KvNLJL^§K8H8^SMONhHWQSQTH©¨=@S@S@;t[K)£¥¤W@
Aw�FE�ª�QTPjNLPRNhH/HWV%`�PjNhNe_H«HW^TV}b/H8N�K)^S^TV}V=b/MLNhHRiWHYN�MhD9PRKvNLJL^SKWbU]#D9b/V�PRVUNL^SN¬beiWHYN�N�HWHYacg6g=KvML^fQSQTH

B)@S@T@®�K)£¥¤8@¯� _H/] _H�KWb/]�D%bUV=PeVUNL^�N���P�QS^�K8H8^TMONhHWV}D _H _H8MON _b/Mhg=b)d6HYNhPjNONg{MO^f�/V}HWHWQS^&��Z6Hl�
QTg)N�HWHUV¬MO^T^SJONe_H�_HX]
\9_b/Z�PR]�D§_H}_H�NhH/JOKYHWMcN�P�QTg}H�i8H8JLNLPeV�NhHWHYaLg�g�KvMO^fQSQSP#¨)@T@S@;t�Kv£�¤W@���^�N�PRV
N _HW] _H#b/V�Nhb8NLPeg)NhPjNONHRi=^SMLMhH/�

°=@
ACB8DFE¢±�g=i8H8MhMhH�°XAwD6H8D%PRJO^fV�K=_H}_HWVUNe_b/D}g�bWQTP�QSQTH)E¢bvVXP�ML^�NLP�NON�\�KUbWQT]�PRVXMhg=bWNL^1][PeVXV}H8D6Hl��V=bUQSQTH
��K=g)i)^fb8N�aOH[KUbWQT]�P�NhH/HlaLg�g�MOiWH8MONLPRPRVX^�N�MLP�^SMhH8JOiUb/H)@
ACH)E#²�Z=d}^SMON _H�b/^SKWPeHYN�V�HWD}HY�¦V�bWQSQ1H��¦K=g)i)^Sb/N�bW^SK/P�^SMh^T^TV¯NhHUHlaOg�g�MLi8H8MONLPe^Sd�PeV~^�NLMhPR^SMhH8JOi/b/^TZ}^TV%@

³ P�Jhg=MON�P�QSP�Q�\�ZU\UP�MONL^%i8H8MLNhH/g=KvMhP�ML^w@µ´/b/M�K8H8^SKv^fQSQSP�P�^%Q _bl\)d=\�D6H8JL^TH=`=D9PeJLg�MONLPRQSP�]�^SK)ML^FP�^¶@
Aw�FE���^TV�K _H�HWMONLP�^TML^TH#bRiWH8N¥V�H8D6Hl��V=bUQSQTH���K)g�i)^SbW^SNhH�i8H8MONhHUHRiWHYNkMhg=bWNL^T]#PjN�

¡�@
ACB8DFE¢�=^T]�bWQTHUV©Kv\)QC_H/MOMe_H[Z�H8JLJhH8MONLP�Nhg6V©JLHW^�ivbW^SMhH/V�a�_HWV�^SMwaOHWZ=d}^TV©N�g=QTbWK)MLPRV}H�bWQT^Uaj_H/V _bWacPRV�ACK=gv�
iWH{tUE�] _H _H8J _H~D}g�d�bUV�V)g=N�JhHlaLg=MONh^¶`+K=g�V«QTg=bUV�V�b/V�Mhg=bWa�PRQTg=i8HWQ�N�g�g=NLPjNhNhg ³ @ _ª�D%PRQS^SK)K _b~M�H8^
i=^TZ=d}bW^fV�Q _H8D}^Fa _HWV�^SMONLPeV�J�HWg}Z=b/^�NLNhHW]�^SMLN�HXK/bWMLKWPRi8HWV~PRZ�d�bWNhg�K)MLPRV�MLH=@X´ _HUV=^SKvML^ _H�b/QS^Fa _HWQ aOP�Q��
Q _H�PRV _H _H�KWbli)^TV{i _H/Z _H/V%`¢K=g�V·V�^S^�N _H�PRd�PRQSQS^SMLPeV _H�i�g=bUV�V}H�Ac?e¸/¸W°)E�b/QS^�i=^SP�Q _H�t/¨�P�QS^fKvKWb/H©aLH
NLbW^TMhMLHRi�g�b/V}V�HXAc?Y¸W¸UtUE�°W¨=@
ª�QTPjNLPRNhH/HWV%`UP�NON _H�i�g�b)d�PRMLMhH�MO\�V/N�\)\�P�d�PRQSQS^fMLPRV�i=g=b)d}PRV[K8H/V�V}HWV�iUP�JhJLH/V[D9bW^SK8HWML^TH)@��!^SM _H8KvMh^
D}g�bWQSPRN&PRd�PRQSQS^SMLi=g�b)d�PeV©KYH/V�V6H8MONhH
MhP�QSi)^�\)N�\v\#MLPRg}JLH/HRi8HWQSQSP¥i=g�b)d�P�QTQSP8`)NhbW^TV�PRV�D6g=b/QS^9D _H _H8N�\v\
V=M�@�D6H8JLPR]#D�^T^TV�Mhg�^TZ}^TV¬\=]#M�@��!^SM _HWK)MO^&Z _H/] _H/J _H�NL^TP�d}PR]#^SP�M
¹�@Iº¥^SMhK)g~MLH/HXi=^SP�d _H�a _HWV�^SKU�
MO^�_H�b/]#^S^fV�Z _H/]�_H8JL^S^TV�NH8JLKWb/^�Nhg�K)ML^S^TV�MhH�JLHUg�Z�bW^�N�g=MLD�_H�_HWNe_bWKvMLPeMONe_H�Zvg}bWQS^f]�H8NONhH
»8¨�D}JObUMLPRV/NON�^TH
NLbW^TMhMLHRi�g�b)d�PeV�KYHUV�V}H8MON�H)@
��HUH8d}^�d}^SMLK)JOPRPjNLNL^THW^SK8H8^TV�PRV#]©H8QSQT^Ya _HWV}^SMLD9bWD9g=QfHWH8NL^SbUV[K/PRZ}^�N¦\=KvMOPeQSQSP�aOH�D6^S^SJLJ _H�ML^S^�N _H�i=^SJONhH/g=MO�
K8HWHRi=^Sb�@µ¹�H8NLKYH8^fMOP
]#H8QTQS^TV�Hei�g=QTQTH�MOPeg=JhHWHeiWH8N+bUV=�/P�Qf]�HWN�¼



ACH)E ³ @ _ª�D%P�QT^SKvK _b�P�^=D}^�N _HWV/\)N�QfH8^TV�K8HWH/V�¹�@/º�^SMLK)g=MLN�H)@�£ _HWV[D}g}g)NhNhg=^�K)g�V}V�HUV/iWH8Q�N�g�g�MONLbWMO�
MLH�H8ML^TH/HWV[aLH�MhH8^fKv^TV�H/^SKYHWH/V�MLPeV%`6P�NONY_H�¹�@6º�^TMOK=g}VXb/QS^�D6H8QfHWg)NhPjNLNhHeiWH�?l¨ � i=g=b/Mh^�Nc�
NhH8^fV�b8NLNhH/]�H/MONhH/HWV�] _H _H8J _H8MON _H�NhH8K8HW^SML^TV�Qfg=bUVUNLbvb/V @���b/VUNhHWKWb�a _H/V=^TMcN _H©b/QS^SMh^�N _H/] _HWV
]�HWQSQS^1Vu][g=KYHUHWVyi�g=bvd6PRV�?l¸W¸U¯QTbWD6g=MhMhH/� ª�V�KWb�KYH/VUNhH~Ne_HWQSQC_b/^TV«KYH8MOiWHW]#H/HWVuiWH8^
Z)g=D9PlV=PR]#H/HWVXD§_HW^TV9�

Aw�FE _� J3a�\=QC_H/V©iYH/V�Z6H
^SMe_HWVUNe_H�Kv^T]#]©H8MONhg�^WaR_H/V=^SMON�PRV©JLH/g�Z}bW^�NLNhH/][^TMLD§_H�_HWNe_b/KvMhP�QSQSPW�)bUQS^�i8H8NhZ6HWV
P�QTg�K8HYN©MO\ _b/V�P�P�N�aObWMLK=g=M�]�g�^TV�bW^TVyD}H/JO^¥Z _H/V=PeVyb/]�PeV�HWD}g�^SMLNhHWH/V%@ £ _H/VzJL\=ZUN¦\=^SK)^TV
a�_HWQSQSPRPRV�i8HUV�Z}HWH/V�Nhg=NON�g�g}V�NhHWD}HUHWV�MhH[HW]�D6g�]#HWHUV©\�Z�d�PRV�aR_HWV=^TK)MLPRV�i=g�b)d�PRMLMLH[JLHUgv�
Z=b/^�NONHW]�^SMLD§_H}_HYNl_bWK)MLP�MONY_H[D}^S^�NLNhHWH/]#HYNONH)@&��^TNLPRV�a�_HWV}^SMLKYHWVUN�H�VU\vN¥KWPeZ=^SNON�\)^f�
£�g=bU]�@&GIPeZUN _HRi _H8MLM _H#b/QSPjNhPjN�HWHWV�QS^SM _HWKUMh^w`6PjNON _H�b/V�bWQSPe]�HWMLM�H#]�\ _bUM+D6g=b/QS^SK)KYH/^�NhH�acV}P8@
a�_H/V=^TK)MO^�_H)@

1

2

0

3

4

5

1 2 3 4 5 6 7

X(f)

8 f[kHz]

(1.25)

(1.75)

(6.25)

(7.50)

0

±
g=iWH�?/@ � V�HWQSbW�/^SMhPRVXML^S�UV�HWQS^TV�MLD9P�KvNhJO^

±�g=iWH#t)@&´}_H/V=^SM



±�g)i8H#°�@µGIH/HlaLg}g=MOiWH8MONhP�PRV�^�NhMLP�^SMhHWJcivb8N�aOH�V6H8D6Hl��V=bWQTQTH���K=g=i=^Sb8N


