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DjblbdZ�\_c\e_l�ZgZebaZ�WW=

:�I��DmeZbq_\

;bheh]bq_kdbc�nZdmevl_l�F=M�bf_gb�F�<��Ehfhghkh\Z

:gghlZpby

JZkkfhlj_gu�iehoh�hk\_s_ggu_�\�ebl_jZlmj_�k\hckl\Z�\_c\e_l�ij_h[jZah\Zgby�b�k\yaZg-
gZy�k�wlbf�h[rbjgZy�fbnheh]by��Ij_^eh`_g�ijhklhc�Ze]hjblf�\_c\e_l�ij_h[jZah\Zgby��h[_ki_-
qb\Zxsbc� aZ^Zggmx�ihehkm�ijhimkdZgby�ijb�ex[hc�qZklhl_�\_c\e_lZ��>Zg�ZgZeba�hkgh\guo�bk-
dZ`_gbc�j_amevlZlh\��g_�`_eZl_evguo�\�bkke_^h\Zgbyo�WW=��\�qbke_�dhlhjuo�����\_c\e_l�ij_h[-
jZah\Zgb_�ijb\h^bl�d�j_amevlbjmxsbf�mkj_^g_gguf�ih]j_rghklyf��^hoh^ysbf�^h�����hl�kj_^-
g_c�Zfieblm^u�kb]gZeZ�����j_amevlZlu�bkihevah\Zgby�\_c\e_lh\�jZaebqgh]h�fZkrlZ[Z�b�qZklh-
lu�iehoh�khihklZ\bfu�f_`^m�kh[hc�ba�aZ�g_dhgljhebjm_fh]h�b�g_ebg_cgh]h�baf_g_gby�qZklhl-
ghc�ihehku�b�wnn_dlZ�i_j_djulby�ihehk��>ey�^Zgghc�gZmqghc�h[eZklb�ihdZaZgu�ij_bfms_kl\Z

Nmjv_�nbevljZpbb�i_j_^�\_c\e_l�ij_h[jZah\Zgb_f�

Dexq_\u_�keh\Z��WW=��\_c\e_l�ij_h[jZah\Zgb_��Nmjv_�nbevljZpby��ki_dljZevguc�ZgZeba��deZk-
kbq_kdb_�nbevlju�
Keywords: EEG, wavelet transform, Fourier filtering, spectral analysis, classical filters

<<?>?GB?
DZd�ba\_klgh��[hevrbgkl\h�f_lh^h\�fZl_fZlbq_kdh]h�ZgZebaZ�WW=�[ueh�aZbfkl\h\Zgh�ba

l_ogbq_kdbo�b�nbabq_kdbo�ijbeh`_gbc�l_hjbb�ZgZebaZ�kb]gZeh\��b�wlb�aZbfkl\h\Zgby�hkms_kl\-
eyebkv�\g_rgbfb�beb�ijb]eZr_ggufb�l_ogbq_kdbfb�ki_pbZebklZfb� �bklhjbq_kdbc�h[ahj�\� >�@��
Ijb�wlhf�qZklh�g_�mqblu\Zebkv�nmg^Zf_glZevgu_�hkh[_gghklb�WW=�����g_klZpbhgZjghklv�����g_-
]Zjfhgbq_kdbc�oZjZdl_j�bklhqgbdh\�����gZebqb_�Zfieblm^ghc�fh^meypbb��<�j_amevlZl_�wlh]h�[u-
eb�i_j_g_k_gu�g_dhlhju_�g_Z^_d\Zlgu_�^Zgghc�h[eZklb�bkke_^h\Zgby�f_lh^u�>�����@�

<�qZklghklb��k�k_j_^bgu����o�]h^h\�\�aZjm[_`guo�im[ebdZpbyo�ihy\eyxlky�bkke_^h\Zgby
WW=�k�bggh\Zpbhgguf�bkihevah\Zgb_f�\_c\e_l�ij_h[jZah\Zgby� >��@�dZd�Zevl_jgZlb\u�deZkkbq_-
kdhfm�ki_dljZevghfm�ZgZebam��Kh�agZqbl_evghc�\j_f_gghc�aZ^_j`dhc�wlhl�f_lh^�gZqbgZ_l�ihy\-
eylvky�b�\�hl_q_kl\_gguo�jZ[hlZo�>�@�

FZl_fZlbq_kdZy�hkgh\Z�\_c\e_l�ZgZebaZ�^hklZlhqgh�keh`gZ�^ey�g_ki_pbZebklh\��\�qZklgh-
klb��^ey�nbabheh]h\��b�bf�ijboh^blky�\�wlbo�\hijhkZo�\k_p_eh�iheZ]Zlvky�gZ�fg_gby�b�ihykg_gby
ijb\e_dZ_fuo�l_ogbq_kdbo�ki_pbZebklh\��KZfb�`_�wlb�ki_pbZebklu�bkihevamxl�^ey�ZgZebaZ�ijh-
]jZffgu_�kj_^kl\Z�0DWK/DE��ihkdhevdm�\�WW=�ZgZebaZlhjZo�lZdb_�kj_^kl\Z�^h�kbo�ihj�hlkmlkl\m-
xl��Wlh� _s_� ^Zevr_� m^Zey_l� ihgbfZgb_� bkihevam_fuo� ijhp_^mj� b� ihemqZ_fuo� j_amevlZlh\� hl
\gbfZgby�nbabheh]h\��K�^jm]hc� klhjhgu��\_c\e_l� ZgZeba�bkoh^gh�gZqZe�ijbf_gylvky�\�h[eZklb
k`Zlby�bgnhjfZpbb��ij_bfms_kl\_ggh�\b^_hbah[jZ`_gbc��Zm^bh��b�k_ckfhaZibk_c��qlh�hq_\b^gh
^Ze_dh�hlklhbl�hl�aZ^Zq�bkke_^h\Zgby�WW=��Hlkx^Z�ihe_agh��gZdhg_p�lh��jZah[jZlvky��dZdb_�ij_-
bfms_kl\Z��beb�`_�dZdb_�ijh[e_fu�b�g_^hklZldb�\e_q_l�bkihevah\Zgb_�\_c\e_l�ZgZebaZ�\�bkke_-
^h\Zgbyo�WW=��Z�lZd`_�^hklmigh�wlh�baeh`blv�

KMSGHKLV�B�K<HCKL<:�<?C<E?L�IJ?H;J:AH<:GBY
Hij_^_e_gb_��FZl_fZlbq_kdb�\_c\e_l�ij_h[jZah\Zgb_��<I��hij_^_ey_lky�dZd�k\_jldZ�ZgZ-

ebabjm_fh]h� kb]gZeZ� k� \_c\e_lhf�� qlh� \ujZ`Z_lky� aZfukeh\Zlhc� bgl_]jZevghc� nhjfmehc�� GZ-
]ey^gh_� b� ihgylgh_� ^ey� g_ki_pbZebklh\� ihykg_gb_� hi_jZpbb� k\_jldb� ^hklZlhqgh� ljm^gh� gZclb�
HibjZykv�gZ�beexkljZpbx�\�j_^dhc�ih�^b^Zdlbqghklb�deZkkbq_kdhc�fhgh]jZnbb� >��@� __�fh`gh
ha\mqblv�lZd��\�oh^_�k\_jldb�dZ`^Zy�Zfieblm^Z�kb]gZeZ�\�fhf_gl�t�mfgh`Z_lky�gZ�\_c\e_l�kh�k^\b-
]hf�j_amevlZlZ�gZ�t��b�\k_�wlb�j_amevlZlu�mkj_^gyxlky�^ey�dZ`^h]h�t.

Fbnheh]by��Hlkx^Z�kjZam�ke_^m_l�fbnheh]bqghklv�dhqmxs_c�ih�fgh]bf�bklhqgbdZf�bg-
l_jij_lZpbb�<I�dZd�ZgZeh]Z�b�Zevl_jgZlb\u�^ey�ki_dljZevgh]h�ZgZebaZ�f_lh^hf�ij_h[jZah\Zgby
Nmjv_��IN���>_ckl\bl_evgh��IN�hkms_kl\ey_l�jZaeh`_gb_�^bkdj_lbabjh\Zggh]h�\h�\j_f_gb�kb]-
gZeZ�gZ�ihke_^h\Zl_evguc�jy^�]Zjfhgbq_kdbo�khklZ\eyxsbo�djZlgh�\hajZklZxs_]h��hjlh]hgZev-
gh]h��jy^Z�qZklhl��L_f�kZfuf�IN�ij_h[jZam_l�kb]gZe�ba�\j_f_gghc�h[eZklb� �©hjb]bgZeª��\�qZk-
lhlgmx�h[eZklv� �©h[jZaª���<�hlebqb_�hl� wlh]h�<I�ij_h[jZam_l� kb]gZe�ba� \j_f_gghc�h[eZklb� \h
\j_f_ggmx� `_� h[eZklv�� hkms_kl\eyy� bkdZ`_ggmx� nbevljZpbx� kb]gZeZ� \� g_dhlhjhf� ^bZiZahg_
qZklhl�
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<_c\e_lu�Fhje_��Ih�ZgZeh]bb�k�IN��hkms_kl\eyxsbf�jZaeh`_gb_�kb]gZeZ�gZ�]Zjfhgb-
q_kdb_�khklZ\eyxsb_��\�bkke_^h\Zgbyo�WW=�ba�fgh`_kl\Z�[he__�����\_c\e_lh\�bkihevamxlky�]Zj-
fhgbq_kdb_�\_c\e_lu�Fhje_��0RUOHW���dhlhju_�h[uqgh�aZ^Zxlky�nhjfmehc�

)()2cos()( twftAt ⋅=Ψ π ,  (1)

]^_��t = ±∞; f�±�qZklhlZ�\_c\e_lZ�� )/exp()( 2
bFttw −= �±�wdkihg_gpbZevgu_�fgh`bl_eb�beb�dh-

ehdhehh[jZagh_�=Zmkkh\h�hdgh��h]b[ZxsZy�^ey�dhkbgmkZ�� Fb�±�fZkrlZ[�\_c\e_lZ��hij_^_eyxsbc

_]h�rbjbgm�ih�hkb�t ; bFA π/1= ±�ghjfbjmxsbc�fgh`bl_ev�

Jbk��� <_c\e_lu��ke_\Z��jZaebqghc�qZklhlu�f, f, 2f��b�fZkrlZ[Z�Fb, 3Fb, Fb (k\_jom�
\gba��b�bo�Zfieblm^gu_�ki_dlju��kijZ\Z���_^bgbpu�baf_j_gby�mkeh\gu_�

Ba�beexkljZpbb�jbk���ke_^m_l��qlh�ijb�m\_ebq_gbb�qZklhlu�f��ki_dlj�\_c\e_lZ�k^\b]Z_lky�\
\ukhdhqZklhlgmx�h[eZklv��Z�ijb�m\_ebq_gbb�fZkrlZ[Z�Fb�qZklhlgZy�ihehkZ�\_c\e_lZ�km`Z_lky�

L_hj_fZ� k\_jldb�� AgZqbl_evgh� mijhklblv� ihgbfZgb_� f_oZgbafZ�<I� ihfh]Z_l�l_hj_fZ
k\_jldb�� dhlhjZy� ]eZkbl�� k\_jldZ� kb]gZeZ� k� \_c\e_lhf� khhl\_lkl\m_l� ijhba\_^_gbx� bo�Nmjv_�
h[jZah\� \� qZklhlghc� h[eZklb��LZdbf� h[jZahf�� keh`gZy� hi_jZpby� k\_jldb� \� h[eZklb� hjb]bgZeh\
k\h^blky� d�ijhklhfm�ijhba\_^_gbx�bo�Nmjv_�h[jZah\� \�qZklhlghc� h[eZklb� k�ihke_^mxsbf�IN
j_amevlZlZ�� l�_�� k�ijbf_g_gb_f�ih\lhjgh]h�ij_h[jZah\Zgby�Nmjv_�h[jZlgh�ba�qZklhlghc� \h� \j_-
f_ggmx�h[eZklv��\�j_amevlZl_�dhlhjh]h�b�ihemqZ_lky�k\_jldZ�kb]gZeZ�k�\_c\e_lhf��Ijb�wlhf�Zf-
ieblm^guc� ki_dlj�\_c\e_lZ�beb�fh^mev� _]h�Nmjv_�h[jZaZ� lZd`_�baf_gy_lky� kh]eZkgh�=Zmkkh\hc
h]b[Zxs_c�� qlh� mijhsZ_l� \uiheg_gb_� \_c\e_l� ij_h[jZah\Zgby� ih� ke_^mxs_fm� ijhklhfm� Ze]h-
jblfm��dhlhjuc�^ey�hij_^_e_gghklb�gZah\_f�ZVW�ij_h[jZah\Zgb_f (\_c\e_l�ki_dljZevguf�

:VW�ij_h[jZah\Zgb_��:gZebabjm_fuc� kb]gZe� oZjZdl_jbam_lky� k\h_c� ^ebl_evghklvx� L� b
qZklhlhc�^bkdj_lbaZpbb�F�beb�\j_f_gguf�rZ]hf�∆t=1/F��Z�_]h�ki_dlj�bf__l�jZaj_r_gb_�ih�qZklh-
l_��∆f =1/L���Ex[hc�nbevlj�oZjZdl_jbam_lky�k\h_c�ihehkhc�ijhimkdZgby�f1, f2�beb�qZklhlZfb�kj_aZ�
gZ�dhlhjuo�agZq_gb_�_]h�Zfieblm^gh�qZklhlgZy�oZjZdl_jbklbdZ��:QO��khklZ\ey_l�����hl�fZdkbfm-
fZ�gZ�p_gljZevghc�qZklhl_�f0=(f2–f1�����Hij_^_ebf�fZkrlZ[�ki_dljZ�\_c\e_lZ�Fs�ba�mkeh\by�jZ\_g-
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kl\Z�=Zmkkh\hc�h]b[Zxs_c�iheh\bg_�hl�_^bgbpu�gZ�qZklhlZo�kj_aZ��Z�bf_ggh��exp(-(f2–f1)
2/ Fs) =0.5,

hldm^Z� Fs = –(f0–f1)
2/OQ������� :fieblm^u� \_c\e_l� ki_dljZ� :fj � ^ey� \k_]h� qZklhlgh]h� jy^Z Nmjv_�

h[jZaZ�kb]gZeZ�fj=j⋅∆f, j=1,...,F/2/∆f�\uqbkeyxlky�kh]eZkgh�=Zmkkh\hc�h]b[Zxs_c��:fj = exp(-(f2–f1)
2/

Fs).�>Ze__�wlb�Zfieblm^u�ihwe_f_glgh�mfgh`Zxlky�gZ�Zfieblm^u�ki_dljZ�kb]gZeZ��\�j_amevlZl_
q_]h�ba�ki_dljZ�gZeh`_gb_f�dhehdhehh[jZagh]h�\_c\e_l�hdgZ�\uj_aZ_lky�aZ^ZggZy�qZklhlgZy�ih-
ehkZ��Ij_h[jZah\Zgb_f�Nmjv_�wlh]h�ki_dljZ�ihemqZ_lky�k\_jldZ�kb]gZeZ�k�\_c\e_lhf��hij_^_e_g-
guf�_]h�ki_dljhf��:fj ��\�k\hx�hq_j_^v�aZ^Zgguf�ihehkhc�ijhimkdZgby�f1, f2�k�p_gljZevghc�qZklh-
lhc�f0.

Ih^q_jdg_f�� qlh� ^Zgguc� ijhklhc� b� ijhajZqguc� Ze]hjblf� iha\hey_l� \uihegylv� \_c\e_l
ij_h[jZah\Zgb_�\�nbdkbjh\Zgghc�qZklhlghc�ihehk_�^ey�jZaguo�p_gljZevguo�qZklhl�f0��\�lh�\j_fy
dZd�bkihevah\Zgb_�hij_^_e_gby�\_c\e_lh\�\h�\j_f_gghc�h[eZklb�k�fZkrlZ[Zfb�Fb�ijb\h^bl�d�g_-
dhgljhebjm_fhfm�baf_g_gbx�ihehk�ijhimkdZgby��]bi_j[hebq_kdb�mrbjyxsboky�k�mf_gvr_gb_f
fZkrlZ[Z��kf��gb`_��

IH=J?RGHKLB�<?C<E?L�IJ?H;J:AH<:GBY
:fieblm^gu_�bkdZ`_gby��LZdbf� h[jZahf�� \_c\e_l� ij_h[jZah\Zgb_� y\ey_lky� k\h_h[jZa-

guf�nbevljhf��\uj_aZxsbf�ba�ki_dljZ�kb]gZeZ�]Zjfhgbq_kdb_�khklZ\eyxsb_�gZeh`_gb_f�dheh-
dhehh[jZagh]h�=Zmkkh\Z�hdgZ�\�^bZiZahg_�qZklhl��hij_^_e_gguf�fZkrlZ[hf�b�qZklhlhc�\_c\e_lZ�
Gh� ijb� wlhf� \hagbdZxl� Zfieblm^gu_� bkdZ`_gby�� ^ey� jZa[hjZ� dhlhjuo� ijhba\_^_f� kjZ\g_gb_
\_c\e_l�ij_h[jZah\Zgby��k�deZkkbq_kdhc�nbevljZpb_c��GZ�jbk����ijb\_^_gu�:QO�\_c\e_lZ�b�gZb-
[he__�jZkijhkljZg_ggh]h�\�ijZdlbd_�nbevljZ�;Zll_j\hj^Z��KjZam�`_�hq_\b^gh�gZebqb_�m�\_c\e_l�
nbevljZpbb�^\mo�lbih\�Zfieblm^guo�bkdZ`_gbc�ih�kjZ\g_gbx�k�nbevljhf�;Zll_j\hj^Z�����kms_-
kl\_ggh_�ih^Z\e_gb_�]Zjfhgbd�\�ihehk_�ijhimkdZgby�hl�kj_^g_c�qZklhlu�^h�qZklhl�kj_aZ�� ��� aZ-
f_lgh_�ijhimkdZgb_�]Zjfhgbd�\�ihehk_�aZ^_j`Zgby�

DeZkkbq_kdb_�nbevlju��D�kh`Ze_gbx��deZkkbq_kdbf�nbevljZf��;Zll_j\hj^Z��Q_[ur_\Z�
;_kk_ey�b�^j���ijbkmsb�dZd�Zfieblm^gu_��lZd�b�nZah\u_�bkdZ`_gby��ijb�wlhf�>�@�����Zfieblm^gu_
bkdZ`_gby�mf_gvrZxlky�k�m\_ebq_gb_f�ihjy^dZ�nbevljZ��Z�nZah\u_�bkdZ`_gby�\hajZklZxl�����ijb
lhf�`_�ihjy^d_�nbevljZ�nZah\u_�bkdZ`_gby�mf_gvrZxlky�k�mrbj_gb_f�ihehku�ijhimkdZgby��3)
ijb� h^ghgZijZ\e_gghc�nbevljZpbb� bf_xl�f_klh� lZd`_� bkdZ`_gby� \j_f_ggh]h� k^\b]Z�� ihwlhfm
ijb� ihklwdki_jbf_glZevghf� ZgZeba_� bkihevamxl� ^\mgZijZ\e_ggmx� \h� \j_f_gb�nbevljZpbx�� ��
bf_xl�f_klh�lZd`_�bkdZ`_gby�gZqZevgh]h�ijb[eb`_gby��\�lhf�qbke_�b�ijb�j_adhc�kf_g_�jblfbdb
kb]gZeZ���\j_f_ggZy�ijhly`_gghklv�dhlhjuo�m\_ebqb\Z_lky�k�m\_ebq_gb_f�ihjy^dZ�nbevljZ��ijb
^\mgZijZ\e_gghc�nbevljZpbb�wlb�bkdZ`_gby�ijhy\eyxlky�gZ�h[hbo�dhgpZo�kb]gZeZ�

Jbk��� :fieblm^gh�qZklhlgu_�oZjZdl_jbklbdb�nbevljZ�;Zll_j\hj^Z���]h�ihjy^dZ�b

\_c\e_l�nbevljZ�^ey�ihehku�ijhimkdZgby������������=p

Nmjv_�nbevljZpby� Ihwlhfm� ijb� ihklwdki_jbf_glZevghf� ZgZeba_� ij_bfms_kl\h� bf__l
Nmjv_�nbevljZpby� >�@��\i_j\u_�ij_^eh`_ggZy�b�j_Zebah\ZggZy�\�WW=�ZgZebaZlhj_�&21$1�����\
�����]��Wlhl�f_lh^�ba[Z\e_g�hl�\ur_�hlf_q_gguo�ih]j_rghkl_c�\�k\yab�k�ijZdlbq_kdb�\_jlbdZev-
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guf�oZjZdl_jhf�kiZ^Z�:QO�gZ�qZklhlZo�kj_aZ��iheguf�ijhimkdZgb_f�]Zjfhgbd�\�ihehk_��iheguf
bo� ih^Z\e_gb_f� \g_� ihehku� b� khojZg_gb_f�nZa� \k_o� ]Zjfhgbd��Bgufb� keh\Zfb��Nmjv_�nbevlj
hkms_kl\ey_l� ihehkh\mx� nbevljZpbx� mfgh`_gb_f� ki_dljZ� kb]gZeZ� gZ� ijyfhm]hevgh_� hdgh�� <
k\yab� k� wlbf�hg�h[_ki_qb\Z_l�gZb[he__� Z^_d\Zlguc�j_amevlZl�� dhlhjuc�fh`_l�bkihevah\Zlvky� \
dZq_kl\_�wlZehgZ�ijb�^Zevg_crbo�kjZ\g_gbyo�

HP?GD:�:>?D<:LGHKLB�<?C<E?L�IJ?H;J:AH<:GBY
GZ]ey^gu_�ijbf_ju��>ey�ihke_^mxs_]h�ZgZebaZ�[m^_f�bkihevah\Zlv���k_dmg^guc�njZ]-

f_gl�WW=�ba�wdki_jbf_glZ�ih�bkke_^h\Zgbx�dh]gblb\guo�\ua\Zgguo�ihl_gpbZeh\�gZ�ij_^mij_-
^bl_evguc�b�bkihegbl_evguc�klbfmeu��jbk���Z��hl\_^_gb_�H���qZklhlZ�^bkdj_lbaZpbb�����=p���GZ
jbk���ijb\_^_gu�lZd`_�j_amevlZlu�Nmjv_�nbevljZpbb�b�j_amevlZlu�^\mo�\ZjbZglh\�\_c\e_l�ij_-
h[jZah\Zgby��>ey�emqr_c�^_fhgkljZpbb�jZaebqbc�gZ�jbk�� �^�ijb\_^_g� kh\f_klguc� ]jZnbd� wlbo
lj_o�j_amevlZlh\�

K�p_evx�^Zevg_cr_c�\_jbnbdZpbb�j_amevlZlh\�ijhba\_^_f�^ey�^Zggh]h�ijbf_jZ�WW=�\u-
qbke_gby�ih� ke_^mxs_c�ijh]jZff_�ba� kijZ\hqgbdZ�0DW/DE� �k�g_dhlhjufb�gZrbfb�dhjj_dlb\Z-
fb��

x=load('signal.txt','-ascii')
cw1 = cwt(x,1:32,'morl','plot');
save cwt1.txt cw11 -ascii
[cw1,sc] = cwt(x,9:32,'morl','scal');
title('Scalogram');ylabel('Scale')

\�j_amevlZl_�q_]h�ihemq_gZ�kd_ceh]jZffZ��jbk�����Z�dhwnnbpb_glu�FZW�ij_h[jZah\Zgby�\u\_^_gu
\�l_dklh\uc�nZce�FZW��W[W�^ey�^Zevg_cr_]h�bkke_^h\Zgby��gZ�jbk���]�bah[jZ`_gu�wlb�dhwnnbpb_g-
lu�beb�Zfieblm^u�FZW�hlnbevljh\Zggh]h�kb]gZeZ�^ey�fZkrlZ[Z�����

  

Z��kb]gZe

[) fft

\) wst

]) cwt

^)

Jbk��� KjZ\g_gb_�j_amevlZlh\��Z����k_dmg^gZy�aZibkv�WW=��[��j_amevlZl�Nmjv_�nbevljZpbb�\

^bZiZahg_��±���=p��\��j_amevlZl�\_c\e_l�ZVW�ij_h[jZah\Zgby��]��j_amevlZl�FZW�
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ij_h[jZah\Zgby�k�fZkrlZ[hf�����^��kh\f_klguc�]jZnbd�j_amevlZlh\�gZ�hlj_ad_�����±�����k�

IIW�±�djm]b��ZVW�±�d\Z^jZlu��FZW�±�lj_m]hevgbdb�

Jbk���� Kd_ceh]jZffZ�beb�^bZ]jZffZ�Z[khexlguo�agZq_gbc�©dhwnnbpb_glh\ª�\_c\e_l�

ij_h[jZah\Zgby�kb]gZeZ��q_jgh�[_eZy�rdZeZ�kijZ\Z��\�aZ\bkbfhklb�hl�fZkrlZ[Z�\_c\e_lh\

�\_jlbdZevgZy�hklv��b�\j_f_gghc�jZa\_jldb�kb]gZeZ��]hjbahglZevgZy�hkv�±�ghf_j�\j_f_ggh-
]h�hlkq_lZ�k�rZ]hf�∆t �����k�

L_jfbgheh]bq_kdbc�fbn��GZ� kZfhf�`_� ^_e_� a^_kv� bf__l�f_klh� l_jfbgheh]bq_kdZy� g_-
dhjj_dlghklv� g_ba\_klgh]h� bklhjbq_kdh]h� ijhbkoh`^_gby�� Ijb\_^_f� ih� wlhfm� ih\h^m� ihdZaZ-
l_evgh_��djZcg_�lmfZggh_�h[tykg_gb_�ba�wdjZggh]h�kijZ\hqgbdZ�0DW/DE� �[_amkeh\gh��jZkkqblZg-
gh]h�gZ�hq_gv�rbjhdmx�Zm^blhjbx��\�jZa^_e_�Conituous wavelet WUDQVIRUP��©?keb�wg_j]bb�kb]gZeZ
b�\_c\e_lZ�jZ\gu�_^bgbp_�gZ�l_dms_f�\j_f_gghf�hlj_ad_��lh�\_c\e_l�dhwnnbpb_gl K�fh`_l�bg-
l_jij_lbjh\Zlvky�dZd�dhwnnbpb_gl�dhjj_eypbb��AZf_lvl_��qlh�\�h[s_f�kemqZ_�wg_j]by�kb]gZeZ�g_
jZ\gZ�_^bgbp_��ihwlhfm�dhwnnbpb_glu�g_�fh]ml�[ulv�ijyfh�bgl_jij_lbjm_fu�dZd�dhwnnbpb_glu
dhjj_eypbbª��F_g__�lmfZggh]h�b�[he__�dhgdj_lgh]h�jZatykg_gby�\�jZaebqguo�bklhqgbdZo�gZf�h[-
gZjm`blv�g_�m^Zehkv�

<f_kl_�k�l_f��wlb�lZd�gZau\Z_fu_�³dhwnnbpb_glu´�gZ�kZfhf�^_e_�y\eyxlky�Zfieblm^Zfb
kb]gZeZ��ihemq_ggh]h�\�j_amevlZl_�\_c\e_l�nbevljZpbb�bkoh^gh]h�kb]gZeZ��b�h[uqgh�baf_jyxlky
\�\hevlZo��GZ�kd_ceh]jZffZo�bah[jZ`Zxlky�Z[khexlgu_�agZq_gby�Zfieblm^�lZdbo�hlnbevljh\Zg-
guo�kb]gZeh\��Ihwlhfm�p\_lh\Zy�rdZeZ�kijZ\Z�gZ�jbk����g_�bf__l�d�j_amevlZlZf�FZW±ij_h[jZah\Z-
gby�gbdZdh]h�hlghr_gby��ihkdhevdm�^_ckl\bl_evguc�Zfieblm^guc�^bZiZahg�khklZ\ey_l��±���fd<
�jbk��^���HklZ\bf�ihke_^g__�g_^hjZamf_gb_�gZ�kh\_klb�kbkl_fguo�ZgZeblbdh\�0DW/DE��gZ�kh\_klb
dhlhjuo�e_`bl�_s_�fgh]h�q_]h��
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Z)

[)

\)
Jbk���� J_amevlZlu�\_c\e_l�FZW�ij_h[jZah\Zgby�ZgZebabjm_fh]h�kb]gZeZ��Z) \_c\e_l�ki_dlju
k�fZkrlZ[Zfb��±����k\_jom�\gba�

1
��]hjbahglZevgZy�hkv�qZklhl��ki_dlju�^ey�fZkrlZ[h\��±�

g_�ijb\_^_gu��ihkdhevdm�ij_^klZ\eyxl�rbjhdhihehkguc�rmf���[��hp_gdb�kj_^g_c�qZklhlu

ki_dljZ��>=p@���djm]b���\uiheg_ggu_�\bamZevgh��k�j_]j_kkb_c�]bi_j[hehc�Y = −1.36+417/O��ih
]hjbahglZevghc�hkb�fZkrlZ[�\_c\e_lZ��\��hp_gdb�qZklhlghc�ihehku�ki_dljZ�gZ�mjh\g_�����hl

fZdkbfmfZ�>=p@�k�j_]j_kkb_c�]bi_j[hehcY = −0.95+236/O.

KjZ\g_gb_�^\mo�\_c\e_l�ij_h[jZah\Zgbc��DZd�\b^gh�ba�jbk��^��j_amevlZlu�ZVW��b� FZW�
ij_h[jZah\Zgbc�ohjhrh�kh\iZ^Zxl� �k�mq_lhf�ijb[ebabl_evghklb�\bamZevgh]h�hij_^_e_gby�iheh-
ku�ijhimkdZgby��±���=p�^ey�FZW�ij_h[jZah\Zgby�k�fZkrlZ[hf�����b�aZf_lgh�jZagylvky�hl�j_amev-
lZlZ�Nmjv_�nbevljZpbb��>_ckl\bl_evgh��jZaebqby�f_`^m�wlbfb�ij_h[jZah\Zgbyfb�\�bo�Z[khexl-
guo�jZaghklyo�k�Nmjv_�nbevljZpb_c�hlkmlkl\mxl�gZ�mjh\g_� agZqbfhklb�j �����ih� t�djbl_jbx�b
j �����ih�djbl_jbx�<bedhdkhgZ��\u[hjhqgu_�jZkij_^_e_gby�g_�ghjfZevgu��j��������ih�djbl_jb-
yf�ob�d\Z^jZl��hf_]Z�d\Z^jZl�b�Dhefh]hjh\Z���Ihwlhfm� \�^Zevg_cr_f�fu�[m^_f� kjZ\gb\Zlv�j_-
amevlZlu�Nmjv_�nbevljZpbb�� dZd� wlZehgZ�� k� j_amevlZlZfb� ZVW�ij_h[jZah\Zgby�� dZd� lhqgh� hljZ-
`Zxs_]h�mklZgh\e_ggmx�rbjbgm�ihehku�ijhimkdZgby�

=bi_j[hebq_kdb_�bkdZ`_gby��Ij_`^_� \k_]h�� \Z`gh�hlf_lblv� ke_^mxs__��DZd� \b^gh�ba
jbk��Z��p_gljZevgZy�qZklhlZ�b�ihehkZ�ijhimkdZgby�FZW�nbevljZ�baf_gyxlky�g_ebg_cgh�ijb�baf_-
g_gbb�fZkrlZ[Z�\_c\e_lh\��k�\ukhdhc�^hklh\_jghklvx��j<10-10

��wlb�aZ\bkbfhklb�y\eyxlky�]bi_j-
[hebq_kdbfb� �jbk��[�\���B�_keb�aZ\bkbfhklv�p_gljZevghc�qZklhlu�fh`gh�ebg_Zjbah\Zlv�khhl\_l-
kl\mxs_c�bgl_jiheypb_c�k�i_j_oh^hf�hl�rdZeu�fZkrlZ[h\�Fb�d�rdZe_�qZklhl�f=f0/Fb/∆t��lh�g_eb-
g_cghklv�ihehku�ijhimkdZgby�y\ey_lky�k_jv_aguf�b�g_�bkijZ\bfuf�g_^hklZldhf��Ih^l\_j`^_gb_
gZoh^bf�\�>��@��©q_f�[hevr_�p_gljZevgZy�qZklhlZ��l_f�m`_�\j_f_ggh_�hdgh�b�rbj_�qZklhlgZy�ih-
ehkZª��Ba�aZ�wlh]h�g_^hklZldZ�j_amevlZlu�FZW�ij_h[jZah\Zgby�ijb�jZaebqguo�fZkrlZ[Zo�klZgh\yl-
ky�g_kjZ\gbfufb�

Wnn_dl�i_j_djulby�ihehk��Djhf_�lh]h��\�h[eZklb�[hevrbo�fZkrlZ[h\���±����ij_^klZ\-
e_gguo� ���x�gb`gbfb� ki_dljZfb�jbk��Z� �beb� \� \_jog_c� lj_lb� kd_ceh]jZffu�jbk�����bo�ihehku

                                                          
1 >ey�\bamZevgh]h�khihklZ\e_gby�dZ`^uc�ki_dlj�ghjfbjh\Zg�gZ�k\hc�fZdkbfmf�Y/Ymax�b
k]eZ`_g�kdhevaysbf�hdghf�rbjbghc���lhq_d�
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ijhimkdZgby�bf_xl�\aZbfgh_�i_j_djulb_�hl�����^h������lh�_klv�hgb�hljZ`Zxl�[ebadmx�jblfbdm
kb]gZeZ��ihwlhfm�\aZbfgh�g_�g_kml�ijbgpbibZevgh�gh\hc�Zfieblm^gh�qZklhlghc�bgnhjfZpbb�

Jbk���� Kd_ceh]jZffZ�jbk����i_j_kqblZggZy�\�rdZe_�qZklhl��\_jlbdZevgZy�hkv��\�h[eZklb�[h-
e__�\ukhdbo�qZklhl�bf__l�f_klh�kiehrgh_�[_eh_�ihe_��

Ij_h[jZah\Zgb_�d�rdZe_�qZklhl��I_j_jZkq_l�kd_ceh]jZff�hl�\_c\e_l�fZkrlZ[h\�d�fZk-
rlZ[m� qZklhl�fh`_l� [ulv� ijhba\_^_g� ijh]jZffhc� ba� kijZ\hqgbdZ�0DW/DE� �k� gZrbfb� \Z`gufb
dhjj_dlb\Zfb��

Fs = 500;t = 0:1/Fs:1.024-1/Fs;
x=load(' kb]gZe.txt','-ascii')
cfs = cwt(x,9:36,'morl');
pfreq = scal2frq(9:36,'morl',1/Fs);
contour(t,pfreq,abs(cfs));
axis tight;grid on;xlabel('Time');
ylabel('Approximate Frequency (Hz)');
title('CWT with Time vs Frequency');

DZd�\b^gh�ba�jbk���\�kjZ\g_gbb�k�jbk����^ey�emqr_]h�ajbl_evgh]h�khihklZ\e_gby�`_eZl_ev-
gh�fuke_ggh_�bg\_jlbjh\Zgb_�jbk���hlghkbl_evgh�]hjbahglZeb���ijb�i_j_oh^_�hl�rdZeu�fZkrlZ-
[h\� d� rdZe_� qZklhl� \b^� kd_ceh]jZffu� kms_kl\_ggh� f_gy_lky�� __� gbadhqZklhlgZy� iheh\bgZ� �k
[hevrbfb�\_c\e_l�fZkrlZ[Zfb�� ]bi_j[hebq_kdb�k`bfZ_lky��Z�\ukhdhqZklhlgZy�iheh\bgZ� ]bi_j-
[hebq_kdb�jZkly]b\Z_lky�

Hlf_lbf�lZd`_��qlh�\�j_Zevghklb� �jbk��Z��\_jlbdZevgZy�rdZeZ�jbk���b�jbk��� �dZd�b�kZfb
bah[jZ`_gby��g_�g_ij_ju\gZy��Z�^bkdj_lgZy��klmi_gqZlZy��g_kfhljy�gZ�gZa\Zgb_�conituous wavelet
WUDQVIRUP�� qlh� y\ey_l� _s_� h^bg� ijbf_j�fbnhl\hjq_kl\Z���Kbkl_fgu_� ZgZeblbdb�0DW/DE� b� a^_kv
emdZ\yl��ijbf_gyy�lZcgmx�k]eZ`b\Zxsmx�bgl_jiheypbx�

D\Z^jZlbqgu_�bkdZ`_gby��Djhf_�lh]h��fgh]b_�Z\lhju�bkihevamxl�d\Z^jZlbqgh_�ij_h[-
jZah\Zgb_�Zfieblm^�kb]gZeh\��dZd�ijb�ihkljh_gbb�kd_ceh]jZff��lZd�b�\�ihke_^mxs_f�ZgZeba_�b
\u\h^Zo� >�±��� ������������ ���� ��@��qlh�j_adh�bkdZ`Z_l�Zfieblm^gu_�khhlghr_gby��]bi_jljhnbjmy
\ukhdb_�Zfieblm^u�b�ih^Z\eyy�^h�ihegh]h�bkq_agh\_gby�kj_^gb_�b�gbadb_�Zfieblm^u��G_ljm^gh
ij_^klZ\blv� k_[_� yjhklgmx�j_Zdpbx�\jZqZ�wgp_nZeheh]Z�beb�dZj^bheh]Z�� _keb�g_dbc�bggh\Zlhj
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ij_^eh`bl� _fm�nhjfmebjh\Zlv� debgbq_kdb_� aZdexq_gby�ih� wgp_nZeh]jZff_�beb� dZj^bh]jZff_�
Zfieblm^u�dhlhjhc�d\Z^jZlbqgh�ljZgknhjfbjh\Zgu2.

Dhebq_kl\_ggu_� kjZ\g_gby�� >ey� dhebq_kl\_gghc� hp_gdb� jZaebqbc� �jbk��^�� wlZehgghc
Nmjv_�nbevljZpbb��NN��b�\_c\e_l�ZVW�ij_h[jZah\Zgby��<I��\\_^_f�ke_^mxsb_�h[hagZq_gby��Ats –
Zfieblm^Z�kb]gZeZ�V�\�fhf_gl�\j_f_gb� t, |Ats_�±�Z[khexlgZy�\_ebqbgZ�Ats��]^_�bg^_dk�V�ijbgbfZ_l
agZq_gby��s=n�±�j_amevlZl�NN��V \�±�j_amevlZl�<I��GZk�[m^ml�bgl_j_kh\Zlv�jZaebqby�∆Atn�\=AWn–AW\

b�bo�Z[khexlgu_�agZq_gby�_∆AWn�\_�\�kjZ\g_gbb�k�_∆AWn|.
KjZ\g_gb_�^ey�ZevnZ�^bZiZahgZ� ��±���=p��klZlbklbd� �kj_^g__�±�klZg^Zjlgh_�hldehg_gb_�

ih� _∆Atn�\| = 14.68±�����fd<�b� _∆AWn| = 29.89±������fd<�ihdZau\Z_l��qlh� kj_^gyy�jZaghklv�f_`^m
j_amevlZlZfb�NN�b�<I�ij_\urZ_l�����hl�kj_^g_c�Z[khexlghc�Zfieblm^u�dhjj_dlgh�hlnbevljh-
\Zggh]h�kb]gZeZ��qlh�y\ey_lky�g_khfg_ggh�agZqbl_evguf�bkdZ`_gb_f��:gZeh]bqgu_�khhlghr_gby
bf_xl�f_klh� \�[_lZ��^bZiZahg_� ���±���=p���^ey� _∆AWn�\| = 4.46±�����fd<��qlh� khklZ\ey_l� ����hl
|∆AWn| = 17.46±������fd<��Z�lZd`_�\�]ZffZ�^bZiZahg_� ���±���=p���^ey� _∆AWn�\| = 3.90±�����fd<��qlh
khklZ\ey_l�����hl�_∆AWn| = 7.12±�����fd<�

<havf_f�^ey�ZgZebaZ�kh\_jr_ggh�^jm]hc�kb]gZe��klZg^ZjlgZy�ijh[Z�©aZdjulu_�]eZaZª��bg-
l_j\Ze����k��^bkdj_lbaZpby�����=p��hl\_^_gby�eh[gh_�)S��b�aZluehqgh_�2���klZg^Zjlgu_�qZklhlgu_
^bZiZahgu�ZevnZ�b�[_lZ���J_amevlZlu�ijb\_^_gu�\�lZ[ebp_���

LZ[ebpZ����J_amevlZlu�ZgZebaZ�^ebl_evgh]h�kb]gZeZ
Hl\_^_gb_ eh[gh_�)S� aZluehqgh_�2�

QZklhlg��^bZiZahg ZevnZ [_lZ1 ZevnZ [_lZ1
|∆Atn�\| 5.05±3.61 1.22±0.94 8.69±6.41 1.84±1.32
|∆Atn| 7.93±6.08 3.49±2.61 18.34±13.52 5.32±4.00

|∆Atn�\|/|∆A Wn|% 64% 35% 47% 35%

L_f� kZfuf� \_c\e_l�ij_h[jZah\Zgb_� \ghkbl� kms_kl\_ggu_�bkdZ`_gby� \� Zfieblm^gu_�oZ-
jZdl_jbklbdb�b�\j_f_ggmx�^bgZfbdm�kb]gZeZ��^hklb]Zxsb_� ��±����hl�kj_^g_c�Zfieblm^u�dhj-
j_dlgh�hlnbevljh\Zggh]h�kb]gZeZ�

H;KM@>?GB?
JZ[hlu�k�bkihevah\Zgb_f�\_c\e_l�ZgZebaZ�WW=�ij_bfms_kl\_ggh�im[ebdmxlky�\�gZmqguo

`mjgZeZo�l_ogbq_kdhc�b�nbabq_kdhc�gZijZ\e_gghklb� >��� ��� ��±��@��:gZeh]bqgZy�kblmZpby�bf__l
f_klh�b�\� aZjm[_`guo�bkke_^h\Zgbyo� �kf��ebl_jZlmjm�ba� >��� ��@���Wlh��ih�\b^bfhfm��hij_^_e_gh
dhgk_j\Zlb\ghklvx� nbabheh]bq_kdhc� b� debgbq_kdhc� Zm^blhjbb� d� ih^h[guf�� ljm^gh� \hkijbgb-
fZ_fuf�fZl_fZlbq_kdb�keh`guf�b�aZimlZgguf�gh\h\\_^_gbyf��H^gZdh�wlZ�kblmZpby�ijb�hij_^_-
e_gghc�gZklhcqb\hklb�bggh\Zlhjh\�fh`_l�ihkl_i_ggh�f_gylvky�>����±���������@�

>hdZaZl_evghklv�� ;hevrbgkl\h� Z\lhjh\� beexkljbjmxl� ihemq_ggu_� j_amevlZlu� \_c\e_l
ZgZebaZ�ij_bfms_kl\_ggh�jZaebqgufb�kd_ceh]jZffZfb��kd_e_lhgZfb��\j_f_ggufb�b�qZklhlgufb
]jZnbdZfb� >��� ��� ���� ���� ��@��bgh]^Z�^hihegy_fufb� ]bklh]jZffZfb�fZdkbfZevguo� agZq_gbc� >���
��@���lhih]jZnbq_kdbfb�dZjlZfb�>������@��\uqbke_gb_f�dhjj_eypbc��kj_^gbo�b�klZg^Zjlguo�hldeh-
g_gbc�>����±�@��Wlhl�fZl_jbZe�h[km`^Zxlky�ij_bfms_kl\_ggh�gZ�hkgh\Zgbb�\bamZevgh]h�bamq_gby
b�keh\_kgh]h�khihklZ\e_gby�ih^h[guo�beexkljZpbc��L_f�kZfuf�a^_kv�bf__l�f_klh�kZfuc�gZqZev-
guc�mjh\_gv�bkke_^h\Zgby��ebr_gguc�klZlbklbq_kdbo�hp_ghd�^hklh\_jghklb�nhjfmebjm_fuo�\u-
\h^h\�

:j]mf_glZpby��;hevrbgkl\h�jZ[hl�gbdZd�g_�Zj]mf_glbjmxl�bkihevah\Zgb_�Z\lhjZfb�f_-
lh^Z�\_c\e_l�ZgZebaZ�beb�`_�h]jZgbqb\Zxlky�kkuedZfb�gZ�ih^h[gu_�g_Zj]mf_glbjh\Zggu_�jZ[h-
lu�ij_^r_kl\mxsbo�Z\lhjh\� >�±���������@��lZdb_�©h[hkgh\Zgbyª�hlghkylky�d�dZl_]hjbb��ihkfhl-
jbl_��\_^v�\k_�lZd�^_eZxl���B�lhevdh�\�hl^_evguo�im[ebdZpbyo�d�wlhfm�^h[Z\eyxlky�jZkkm`^_-
gby�^h\hevgh�hl\e_q_ggh]h�oZjZdl_jZ�>��@��©Kh\j_f_ggu_�Ze]hjblfu�ZgZebaZ�kb]gZeZ�WW=�ba\e_-
dZxl� ^Ze_dh� g_� ihegmx� bgnhjfZpbx�� qlh� ijb\h^bl� d� b]ghjbjh\Zgbx� jy^Z� \Z`guo� qZklhlgh�
\j_f_gguo�oZjZdl_jbklbd�bkke_^m_fh]h�kb]gZeZ�b��dZd�ke_^kl\b_��d�ij_g_[j_`_gbx�g_dhlhjufb
hkh[_gghklyfb�ihjh`^Zxsbo�bo�ijhp_kkh\��ijhbkoh^ysbo�\�]heh\ghf�fha]_ª��beb�`_�>��@��©>ey
ijh\_^_gby� lZdh]h�ZgZebaZ� �WW=��� lj_[m_lky�ijbf_gylv�ih^oh^u��hlebqgu_�hl�h[s_ijbgyluo��\
                                                          
2 Kh]eZkgh�fbjh\uf�klZg^ZjlZf�debgbq_kdb_�aZdexq_gby�^he`gu�khklZ\eylvky�bkdexqb-
l_evgh�gZ�hkgh\_�\bamZevgh]h�bamq_gby�WW=�
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hkh[_gghklb�� _keb� ihemqZ_fmx� bgnhjfZpbx� gZ^h� bkihevah\Zlv� ^ey� \uy\e_gby� ijbgpbibZevgh
gh\uo�k\hckl\�gZ�hkgh\_�kh\j_f_gguo�j_kmjkh_fdbo�f_lh^bdª�

IhdZaZl_evgh�� qlh� aZqbgZl_eb� \g_^j_gby� im[ebdZpbc� ^Zgghc� gZijZ\e_gghklb� \� hl_q_kl-
\_ggu_� nbabheh]bq_kdb_� `mjgZeu� >��� �@� ijb\h^yl� lZdmx� Zj]mf_glZpbx�� ©Ihkdhevdm� Nmjv_�
ij_h[jZah\Zgb_�^ey�hp_gdb�dhjhldbo� �����k��\ua\Zgguo�hl\_lh\�hdZaZehkv�g_wnn_dlb\guf��ijb-
f_gyeb�\_c\e_l�ij_h[jZah\Zgby�khhl\_lkl\mxsbo�hlj_adh\��bkihevamy�\_c\e_l�ki_dljuª��Wlh�^_-
fhgkljbjm_l�mjh\_gv�b�]em[bgm�h[hkgh\Zgby�k�ih^Zqb�ijb\e_q_gguo�l_ogbq_kdbo�ki_pbZebklh\�
Ijb� mevljZdjblbq_kdhf� hlghr_gbb� wlh� ©h[hkgh\Zgb_ª� fh`gh� i_j_njZabjh\Zlv� lZd�� ju[ZedZ� \
qbklhc�\h^_�g_�m^ZeZkv��ihwlhfm�klZeb�eh\blv�\�fmlghc��Ihe_agh�kjZ\gblv��dZd�\k_�wlh�jZabl_ev-
gh�dhgljZklbjm_l�k�\k_klhjhggbf�b�^_lZevguf�h[hkgh\Zgb_f�wnn_dlb\ghklb�gh\h]h�f_lh^Z�hp_g-
db�kbgojhgghklb�WW=�\�khihklZ\e_gbb�k�_]h�ij_^r_kl\_ggbdZfb�>�@�

Fbnhl\hjq_kl\h��Ihke_�wlh]h�ihmqbl_evgh�ijbdhkgmlvky�d�khdjh\_gghfm�bklhqgbdm�±�d
Zj]mf_glZpbb� aZqbgZl_e_c�\g_^j_gby�\_c\e_lh\�\�fbjh\mx� wgp_nZeh]jZnbx� >���� ��@��pblbjm_f�
©K_f_ckl\h�\_c\e_lh\�oZjZdl_jbam_lky�ihklhygguf�hlghr_gb_f� f0/σf��dhlhjh_�^he`gh�[ulv� \u-
[jZgh�gZ�ijZdlbd_�[hevrbf����Grossmann et DO��������ª��Wlh�y\ey_lky�ijbf_jhf�_s_�h^gh]h�fbnZ�

<� h[hagZq_gbyo�n�eu� �� wlh� hlghr_gb_�bf__l� \b^�� bf ff 2F/0 πσ = �b�� bkihevamy� ]bi_j[hem

jbk���[��e_]dh�m[_^blvky��qlh�wlZ�\_ebqbgZ�g_�y\ey_lky�dhgklZglhc��Z�\hajZklZ_l�\�kl_i_gb������dZd
k�\hajZklZgb_f�qZklhlu� f��lZd�b�k�mrbj_gb_f�ihehku�ijhimkdZgby��Z�ih�hlghr_gbx�d�fZkrlZ[m
\_c\e_lZ�Fb�aZ\bkbfhklv�h[jZlgh�ijhihjpbhgZevgZy�

A^_kv�`_�bgl_j_kgZ�b�Z[kmj^gZy�j_dhf_g^Zpby��qlh�wlh�hlghr_gb_�^he`gh�[ulv�[hevr_��

beb��Fb>
22 /2/25 fπ =123.2/f  2

��LZd�gZ�jbk���Z��^ey�\_c\e_lZ�k�fZkrlZ[hf�)b ��bf__f�f=70��lh-
]^Z�kh]eZkgh�wlhc�j_dhf_g^Zpbb�^he`gh�[ulv�Fb!�������l�_��ihemqZ_f�gb`gbc�ij_^_e�^ey�Fb�\����
jZa�f_gvr_� ���Z�fu�\b^_eb��qlh�ki_dlj�\_c\e_l�ij_h[jZah\Zgbc�m`_�hl�Fb���ij_^klZ\ey_l�kh[hc
rbjhdhihehkguc�gbadhZfieblm^guc�rmf�

QblZ_f�^Zevr_��©<j_f_ggh_�jZaj_r_gb_�wlh]h�f_lh^Z�\hajZklZ_l�k�qZklhlhc��Z�qZklhlgh_
jZaj_r_gb_� mom^rZ_lkyª� b� hlf_qZ_f�� qlh� i_j\h_� y\ey_lky� \h\k_� g_� ke_^kl\b_f� bkihevah\Zgby
^Zggh]h�f_lh^Z��Z�l_f��qlh�\ukhdhqZklhlgu_�khklZ\eyxsb_�kb]gZeZ�bf_xl�f_gvrb_�i_jbh^u�dh-
e_[Zgbc��ihwlhfm�bo�fZdkbfmfu�gZ�kd_ceh]jZffZo�jZkiheZ]Zxlky�iehlg__��:�\hl�lh��qlh�qZklhl-
gh_�jZaj_r_gb_�ijb�wlhf�mf_gvrZ_lky� �beb�]bi_j[hebq_kdb�mrbjy_lky�ihehkZ�ijhimkdZgby��y\-
ey_lky�ijbgpbibZevguf�b�g_bkijZ\bfuf�g_^hklZldhf� \_c\e_lh\�� aZ^Z\Z_fuo� \h� \j_f_gghc� h[-
eZklb�

<�^jm]hf�bklhqgbd_� >��@�qblZ_f��©Kd_ceh]jZffu�fh`gh�ihkljhblv�gZ�fZeuo�\j_f_gguo
hlj_adZo������±����k���qlh�iha\hey_l�^_lZevgh�bamqblv�^bgZfbdm�ijhp_kkh\��hljZ`Z_fuo�gZ�WW=ª�
Wlh�lh`_�hlghkblky�d�dZl_]hjbb�fbnh\��ihkdhevdm�gZbf_gvrZy�\_ebqbgZ�mihfygmlh]h�\j_f_ggh]h
hlj_adZ�y\ey_lky�\h\k_�g_�ij_bfms_kl\hf�^Zggh]h�f_lh^Z��Z�hij_^_ey_lky�����qZklhlhc�^bkdj_lb-
aZpbb�kb]gZeZ�����jZaj_r_gb_f�ih�qZklhl_��h[jZlgh�ijhihjpbhgZevghc�^ebl_evghklb�kb]gZeZ��LZd
gZ� hlj_ad_� ����� k� qZklhlgh_� jZaj_r_gb_� khklZ\ey_l� ��� =p�� ihwlhfm� bkihevah\Zgb_� \_c\e_lh\� k
f_gvrbf� qZklhlguf�rZ]hf� g_\hafh`gh�� Z� wlh� g_ijb_fe_fh� ^ey� WW=�� klZg^Zjlgu_� qZklhlgu_
^bZiZahgu�dhlhjhc�\���jZaZ�[he__�madb_�

B�� gZdhg_p�� kZfb� nhjfmeu� \_c\e_lh\�Fhje_� \� jZaguo� bklhqgbdZo� jZaebqZxlky� k\hbfb
ghjfbjmxsbfb�fgh`bl_eyfb :� >��±���� ���� ��@��Wlh� y\ey_lky� _s_�h^gbf�ijbagZdhf�ijhba\heZ�
ijbkmlkl\mxs_]h�\�^Zgghf�gZijZ\e_gbb�b�\_^ms_]h�d�g_kjZ\gbfhklb�j_amevlZlh\�

LZdbf� h[jZahf�� im[ebdZpbb� ih� \_c\e_lZf� \� bkke_^h\Zgbyo� WW=� oZjZdl_jbamxlky� nhj-
fZevguf�b� kh^_j`Zl_evguf� lmfZghf�� kbkl_fZlbq_kdbf�fbnhl\hjq_kl\hf��ijhba\hehf�� hlkmlkl-
\b_f�klZlbklbq_kdh]h�h[hkgh\Zgby�j_amevlZlh\�b�\u\h^h\�

:evl_jgZlb\Z� ±�f_lh^�Nmjv_�nbevljZpbb� Ijb� ijh\ha]eZrZ_fuo� pblbjm_fufb� Z\lh-
jZfb�aZ^ZqZo�fh`gh�[ueh�[u�ihclb�gZfgh]h�[he__�ijhkluf�b�dhjj_dlguf�iml_f�k�bkihevah\Zgb-
_f�Nmjv_�nbevljZpbb��hlebqZxs_cky�gZeh`_gb_f�\�ki_dljZevghc�h[eZklb�g_�dhehdhehh[jZagh]h�
Z�ijyfhm]hevgh]h�hdgZ��g_�^_nhjfbjmxs_]h� Zfieblm^gu_�oZjZdl_jbklbdb�bkoh^gh]h� kb]gZeZ�b
rbjbgZ�dhlhjh]h�g_�aZ\bkbl�hl�qZklhlu��Z�fh`_l�[ulv�q_ldh�mklZgh\e_gZ�hl�fbgbfZevgh]h�agZq_-
gby��\dexqZxs_]h��±��ki_dljZevgu_�ebgbb��Wlh�ki_dljZevgh_�hdgh��g_�imlZlv�k�hdhgguf�ij_h[-
jZah\Zgb_f�Nmjv_��fh`_l�i_j_f_sZlv�ih�ki_dljm�k�fbgbfZevguf�bgl_j\Zehf��jZ\guf�qZklhlgh-
fm�jZaj_r_gbx�� l_f� kZfuf��h[_ki_qb\Zy�\ukhdh�^_lZebabjh\Zggu_� kd_ceh]jZffu�b�j_amevlZlu
bo�ihke_^mxs_]h�ZgZebaZ��:�\j_f_ggh_�jZaj_r_gb_�\�ex[hf�kemqZ_�hij_^_ey_lky�kj_^g_c�qZklh-
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lhc�b�khhl\_lkl\mxs_c�_c�\j_f_gguf�bgl_j\Zehf�f_`^m�wdklj_fmfZfb�hlnbevljh\Zggh]h�kb]gZ-
eZ�

Wlhl� f_lh^� g_� ih^iZ^Z_l� ih^� [Zabkgh_� h[\bg_gb_� ba� hkgh\hiheZ]Zxs_c� hl_q_kl\_gghc
im[ebdZpbb�>�@��©<�hlebqb_�hl�ljZ^bpbhggh�ijbf_gy_fh]h�^ey�ZgZebaZ�kb]gZeh\�ij_h[jZah\Zgby
Nmjv_� \_c\e_l�ij_h[jZah\Zgb_� h[_ki_qb\Z_l� ^\mf_jgmx� jZa\_jldm� bkke_^m_fh]h� h^ghf_jgh]h
kb]gZeZ�����<�j_amevlZl_�ihy\ey_lky�\hafh`ghklv�ZgZebabjh\Zlv�k\hckl\Z�kb]gZeZ�h^gh\j_f_ggh�\
nbabq_kdhf� �\j_fy��dhhj^bgZlZ��b�qZklhlghf�ijhkljZgkl\_ª��G_ijbf_gbfh�d�wlhfm�f_lh^m�b�ih-
ke_^mxs__�lZf�`_�h[\bg_gb_�� ©Ij_h[jZah\Zgb_�Nmjv_�g_�hlebqZ_l�kb]gZe��ij_^klZ\eyxsbc�kh-
[hc�kmffm�^\mo�kbgmkhb^�k�jZagufb�qZklhlZfb��hl�kb]gZeZ��khklhys_]h�ba�l_o�`_�kbgmkhb^��\dex-
qZxsboky�ihke_^h\Zl_evgh�h^gZ�aZ�^jm]hcª�

A:DEXQ?GB?
Fu� ijb\_eb� g_kdhevdh� jZaebqguo� djbfbgZevguo� wibah^h\� g_dhjj_dlghklb� j_amevlZlh\

\_c\e_l�ij_h[jZah\Zgby�\�bkke_^h\Zgbyo�WW=��=eZ\gh_�khklhbl�\�lhf��qlh�����\_c\e_l�ij_h[jZah-
\Zgb_�ijb\h^bl�d�j_amevlbjmxsbf�ih]j_rghklyf��^hoh^ysbf�^h�����hl�j_amevlZlh\�dhjj_dlgh]h
deZkkbq_kdh]h�ki_dljZevgh]h�ij_h[jZah\Zgby�����j_amevlZlu�bkihevah\Zgby�\_c\e_lh\�jZaebqgh]h
fZkrlZ[Z�b�qZklhlu�iehoh�khihklZ\bfu�f_`^m�kh[hc�ba�aZ�g_dhgljhebjm_fh]h�b�g_ebg_cgh]h�ba-
f_g_gby�qZklhlghc�ihehku�b�wnn_dlZ�i_j_djulby�ihehk�

<k_�wlh�[he__�q_f�^hklZlhqgh�^ey�\ug_k_gby�h[uqgh]h�km^_[gh]h�h[\bgbl_evgh]h�aZdex-
q_gby��LZdb_�h[\bg_gby�fh`gh�ijh^he`Zlv�b�ijh^he`Zlv� k�bkihevah\Zgb_f�jZaebqguo�ih�^eb-
l_evghklb�b�oZjZdl_jm�aZibk_c�WW=��Gh�wlh�ij_^klZ\ey_lky�baebrgbf��ihkdhevdm�\ur_baeh`_g-
gZy�ijhklZy�ijhp_^mjZ�j_ZebaZpbb�\_c\e_l�ZVW�ij_h[jZah\Zgby�k�dhgljhebjm_fhc�rbjbghc�iheh-
ku�ijhimkdZgby�iha\hey_l�dZ`^hfm�nbabheh]m�k�ihfhsvx�kj_^g_c�jmdb�ih^jmqgh]h�ijh]jZffb-
klZ�kZfhklhyl_evgh�ihemqZlv�lZdhc�h[\bgbl_evguc�fZl_jbZe�

K�^jm]hc�klhjhgu��dZd�ba\_klgh��ijb�gZebqbb�[hevrhc�k_jbb�djbfbgZevguo�wibah^h\�fh`_l
[ulv�\ug_k_gh�b�ih`bag_ggh_�km^_[gh_�h[\bg_gb_��Fu�lZdhc�aZ^Zqb�g_�klZ\bf��L_�bkke_^h\Zl_eb�
dhlhjuo�wlh�mkljZb\Z_l��bf_xl�ijZ\h�bkihevah\Zlv�\�k\hbo�jZ[hlZo�kj_^kl\Z�ZgZebaZ��^Zxsb_�bk-
dZ`_ggu_� j_amevlZlu��:� l_� ij_^klZ\bl_eb� gZmqghc� Zm^blhjbb�� dhlhjuo� wlh� mkljZb\Z_l�� bf_xl
ijZ\h�^h\_jylv�bkdZ`_gguf�j_amevlZlZf�b�\u\h^Zf�lZdbo�bkke_^h\Zl_e_c��>Z�b�gZmdZ�\�p_ehf�lh-
`_�bf__l�ijZ\h�gZ�k\h[h^m�\u[hjZ�
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