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HQT�UVWFGPVU�YJQ�CTG�CNUQ�YQTMKPI�RTQHGUUKQPCNU��D[�GNKOKPCVKPI�VJG�PGGF�VQ�VTCXGN�VQ
UEJQQN�QT�VTCKPKPI�EGPVGT�UKVGU���+P�CFFKVKQP��KV�ECP�CNUQ�UCXG�VKOG�CPF�GHHQTV�HQT
VTCFKVKQPCN�UVWFGPVU�CU�YGNN�

9GNN�DGHQTG�VJG�CFXGPV�QH�VJG�%$+�VTGPF��RWDNKUJKPI�JQWUGU�YGTG�DWPFNKPI

RQYGTHWN�EQORWVCVKQPCN�UQHVYCTG�UWEJ�CU�/CVNCD��/CVJECF ��GVE��=�?��YKVJ�UQOG�QHs
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HCKTN[�EQORNKECVGF�PWOGTKECN�GZCORNGU�VQ�DG�EQXGTGF�KP�C�OCPPGT�EQPEWTTGPV�YKVJ�VJG
GZRQUKVKQP�QH�VJG�VJGQT[��CPF�KP�CP�KPVGTCEVKXG�HTCOGYQTM���+V�VJWU�RTQXKFGF�C
EQPPGEVGFPGUU�DGVYGGP�VJGQT[�CPF�RTQDNGO�UQNXKPI�KP�VJG�ENCUUTQQO�VJCV�FKF�PQV�GZKUV
DGHQTG��GCTNKGT�QP�VJKU�DTKFIG�YCU�IGPGTCNN[�GUVCDNKUJGF�D[�WUKPI�UKORNKHKGF�GZCORNGU��QT
ECPPGF�PQP�KPVGTCEVKXG�GZRQUKVKQPU�QH�OQTG�EQORNGZ�RTQDNGOU���6JG�DKTVJ�CPF�GXQNWVKQP
QH�VJG�%$+�OGVJQF�KP�GPIKPGGTKPI�GFWECVKQP�VQQM�RNCEG�KP�UWEJ�CP�GPXKTQPOGPV�

1PG�QH�VJG�OQUV�YKFGN[�WUGF�UQHVYCTG�VQQNU�HQT�FGUKIPKPI�%$+�OQFWNGU�VQFC[�KU
#WVJQTYCTG�2TQHGUUKQPCN�HQT�9KPFQYU�=�?���9JKNG�#WVJQTYCTG JCU�XGT[�UQRJKUVKECVGF�

RTGUGPVCVKQP�ECRCDKNKVKGU��KV�NCEMU�VJG�EQORWVCVKQPCN�RQYGT�QH�/CVNCD���6JKU�KPJKDKVU�VJG
WUG�QH�PWOGTKECN�GZCORNGU�YJKEJ�KPEQTRQTCVG�UQOG�FGITGG�QH�QRGP�GPFGFPGUU�CPF
GXQNXG�VJTQWIJ�EJQKEGU�OCFG�D[�UVWFGPVU�FWTKPI�VJG�UQNWVKQP�RTQEGUU���+V�YCU�VJGP
PCVWTCN�HQT�QPG�VQ�YQPFGT�YJGVJGT�KV�YQWNF�DG�RQUUKDNG�VQ�FGXGNQR�%$+�OQFWNGU�VJCV
ECRKVCNK\GF�QP�VJG�UVTGPIVJU�QH�DQVJ�VQQNU�D[�IGVVKPI�VJGO�VQ�YQTM�VQIGVJGT���+P�QVJGT
YQTFU��YQWNF�KV�DG�RQUUKDNG�HQT�C�%$+�OQFWNG�VQ�DG�DCUGF�QP�VJG�RQYGTHWN�RTGUGPVCVKQP

HGCVWTGU�QH�#WVJQTYCTG�YJKNG��CV�VJG�UCOG�VKOG��JCXKPI�VJG�EQORWVCVKQPCN�OWUENG�QH

/CVNCD�CV�KVU�FKURQUCN�

+P�VJKU�YQTM�CP�KPKVKCN�CVVGORV�VQ�KPVGITCVG�%$+�OQFWNGU�ETGCVGF�WUKPI
#WVJQTYCTG�YKVJ�/CVNCD�KU�FGUETKDGF���#P�GZCORNG�KU�RTGUGPVGF�QH�CP�KPVGTCEVKXG
RTQDNGO�VJCV�VCMGU�CFXCPVCIG�QH�VJKU�NKPM�CPF�VJG�TGUWNVCPV�KPUVTWEVKQPCN�CFXCPVCIGU�CTG
FKUEWUUGF���5GEVKQP�++�FGUETKDGU�VJG�OQFWNG�KP�YJKEJ�VJG�GZRGTKOGPV�YCU�ECTTKGF�QWV��
6JG�RTQEGUU�QH�GUVCDNKUJKPI�VJG�KPVGTHCEG�KU�FGUETKDGF�KP�5GEVKQP�+++���5GEVKQP�+8�EQPVCKPU
C�FKUEWUUKQP�QH�VJG�DGPGHKVU�FGTKXGF�CU�YGNN�CU�C�RTGXKGY�QH�YJGTG�VQ�IQ�HTQO�JGTG�

++��6JG�'NGEVTQUEKGPEG�/QFWNG�CPF�4.%�%KTEWKV�6TCPUKGPV�4GURQPUG
6JKU�YQTM�YCU�ECTTKGF�QWV�WPFGT�VJG�CGIKU�QH�VJG�05(�URQPUQTGF�)TGGPHKGNF

%QCNKVKQP�YJKEJ�KU�CVVGORVKPI�VQ�FGXGNQR�C�PGY�EWTTKEWNWO�OQFGN�HQT�OCPWHCEVWTKPI
GPIKPGGTKPI�GFWECVKQP���'NGEVTQUEKGPEG�=�?�KU�VJG�CETQP[O�HQT�VJG�MPQYNGFIG�CTGC�YKVJKP
VJKU�EWTTKEWNWO�VJCV�KU�FGTKXGF�HTQO�VJG�KPVGITCVKQP�QH�VQRKEU�HTQO�VJG�VTCFKVKQPCN�CTGCU
QH�'NGEVTKECN�'PIKPGGTKPI�
HQT�PQP�OCLQTU��CPF�VJG�'NGEVTKEKV[�CPF�/CIPGVKUO�UGEVKQPU
QH�2J[UKEU���1PG�VQRKE�EQPVCKPGF�YKVJKP�VJG�'NGEVTQUEKGPEG�OQFWNG�FGCNU�YKVJ�VGEJPKSWGU
QH�EKTEWKV�CPCN[UKU���6JG�GZCORNGU�YG�RTGUGPV�KNNWUVTCVKPI�VJG�#WVJQTYCTG�/CVNCD PGZWU�

CTG�VCMGP�URGEKHKECNN[�HTQO�VJG�VTCPUKGPV�CPCN[UKU�QH�4.%�EKTEWKVU�OQFWNG�

#P�4.%�EKTEWKV�KU�EJCTCEVGTK\GF�D[�VJG�HCEV�VJCV�KVU�VTCPUKGPV�TGURQPUG�ECP�DG�QPG
QH�VJTGG�V[RGU�ECNNGF�WPFGTFCORGF��ETKVKECNN[�FCORGF��CPF�QXGTFCORGF��VJGUG�VGTOU
TGNCVG�VQ�VJG�ITCRJKECN�CRRGCTCPEG�QH�VJG�FKHHGTGPV�TGURQPUGU�CPF�CTG�FGVGTOKPGF�D[�VJG
EJQKEG�QH�EQORQPGPV�XCNWGU���6JG�TGNCVKQPUJKR�DGVYGGP�VJG�EQORQPGPV�EJQKEGU�CPF�VJG
PCVWTG�QH�VJG�TGURQPUG�KU�XKVCN�VQ�WPFGTUVCPFKPI���+P�RCTVKEWNCT��WPFGTUVCPFKPI�KU
GPJCPEGF�KH�VJG�WUG�QH�RTG�FGVGTOKPGF�EQODKPCVKQPU�QH�EQORQPGPV�XCNWGU�CPF�VJGKT
CUUQEKCVGF�UQNWVKQP�EWTXGU�CTG�TGRNCEGF�D[�KPVGTCEVKXG�UGNGEVKQPU�OCFG�D[�VJG�NGCTPGT��
6JG�#WVJQTYCTG�/CVNCD�NKPM�VJCV�YG�JCXG�FGXGNQRGF�GPCDNGU�VJKU�VQ�DG�FQPG�
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Figure 1: Series RLC Circuit
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#P�4.%�EKTEWKV�KU�UJQYP�KP�(KIWTG�����6JG�FGVCKNGF�VJGQT[�QH�VJG�PCVWTCN��CPF
UVGR�TGURQPUGU�QH�VJG�4.%�EKTEWKV�ECP�DG�HQWPF�KP�=�?���6JG�HQNNQYKPI�KU�C�DTKGH�
UWOOCT[�QH�VJG�MG[�GNGOGPVU�QH�VJG�VJGQT[���#�UGTKGU�4.%�EKTEWKV�KU�EJCTCEVGTK\GF�D[�C
UGEQPF�QTFGT�FKHHGTGPVKCN�GSWCVKQP�QH�VJG�HQTO�

YKVJ�C�EQTTGURQPFKPI�EJCTCEVGTKUVKE�GSWCVKQP�IKXGP�D[�

6JG�PCVWTG�QH�VJG�TGURQPUG�KU�FGVGTOKPGF�D[�VJG�PCVWTG�QH�VJG�TQQVU�QH�VJG�CDQXG
GSWCVKQP�YJKEJ�CTG�

+V�KU�GXKFGPV�HTQO�VJG�CDQXG�VJCV�VJG�TQQVU�ECP�DG�EQORNGZ��TGCN�GSWCN��QT�TGCN�WPGSWCN�
DCUGF�QP�VJG�EQORQPGPV�XCNWGU���6JGUG�EQTTGURQPF�VQ�WPFGTFCORGF��ETKVKECNN[�FCORGF�
CPF�QXGTFCORGF�TGURQPUGU�TGURGEVKXGN[���#U�OGPVKQPGF�CDQXG��VJG�PCOGU�CTG�FGTKXGF
HTQO�VJG�ITCRJKECN�HQTO�QH�VJG�TGURQPUGU��V[RKECN�GZCORNGU�QH�YJKEJ�CTG�RTQXKFGF�KP
(KIWTG�����+ORNGOGPVCVKQP�QH�VJG�#WVJQTYCTG�/CVNCD�KPVGTHCEG�CPF�VJG�GPJCPEGF�
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Figure 2: 6[RKECN�HQTOU�QH�4.%�VTCPUKGPV��TGURQPUG

KPUVTWEVKQPCN�RQUUKDKNKVKGU�KV�CHHQTFU�KP�VJG�EQPVGZV�QH�VJG�4.%�RTQDNGO�KU�FKUEWUUGF�KP
VJG�PGZV�UGEVKQP�

+++��6JG�#WVJQTYCTG�/CVNCD�+PVGTHCEG
#WVJQTYCTG�JCU�C�RTQITCOOKPI�HGCVWTG�VJCV�GPCDNGU�KV�VQ�TWP�QVJGT�CRRNKECVKQP

UQHVYCTG�HTQO�YKVJKP�KVU�GPXKTQPOGPV��YJKNG�KV�EQPVKPWGU�VQ�TWP�KP�VJG�DCEMITQWPF��6JKU
KU�CEJKGXGF�VJTQWIJ�C�DWKNV�KP�HWPEVKQP�ECNNGF�K,WOR1WV4GVWTPL���9JGP�C�UVWFGPV�ENKEMU
QP�C�/CVNCD�KEQP�RTQXKFGF�D[�VJG�FGXGNQRGT�YKVJKP�CP�#WVJQTYCTG�UETGGP��EQPVTQN�KU
VGORQTCTKN[�VTCPUHGTTGF�VQ�/CVNCD�VJTQWIJ�VJKU�RTG�RTQITCOOGF�HWPEVKQP���#�/CVNCD
EQOOCPF�YKPFQY�QRGPU�WR�GPCDNKPI�GZGEWVKQP�QH�/�HKNGU�VJCV�JCXG�DGGP�RTG�YTKVVGP�VQ
UWRRQTV�KPUVTWEVKQP���7RQP�EQORNGVKQP�QH�VJG�GZGTEKUG��WUG�QH�VJG�GZKV�EQOOCPF�KP
/CVNCD�TGVWTPU�EQPVTQN�VQ�#WVJQTYCTG�

1PEG�YKVJKP�/CVNCD�VJG�FGXGNQRGT�JCU�VYQ�QRVKQPU�VQ�GPCDNG�VJG�NGCTPGT�VQ�OCMG
JKU�QYP�EQORQPGPV�EJQKEGU�KP�C�EKTEWKV���6JG�HKTUV�QRVKQP�KU�VQ�RTQXKFG�UKORNG
KPUVTWEVKQPU�VQ�VJG�UVWFGPV�VQ�GPVGT�VJGUG�EJQKEGU�KP�VJG�TGSWKTGF�/CVNCD�HQTOCV�DGHQTG
TWPPKPI�VJG�RTGUETKDGF�/�HKNG����6JG�UGEQPF�QRVKQP�KU�UQOGYJCV�OQTG�GNGICPV�CPF�VCMGU
CFXCPVCIG�QH�VJG�ITCRJKECN�WUGT�KPVGTHCEG�
)7+��ECRCDKNKVKGU�QH�/CVNCD���)7+�GPCDNGU�VJG
WUG�QH�UWEJ�ITCRJKECN�QDLGEVU�CU�NKUVU��DWVVQPU��UNKFGTU��GVE���QP�VJG�UETGGP���6JGUG
QDLGEVU�ECP�DG�WUGF�VQ�CEEGRV�KPRWVU�CPF�RTQXKFG�QWVRWVU�VQ�C�WUGT�KP�C�XGT[�PCVWTCN
OCPPGT���+P�QVJGT�YQTFU�VJG[�UGTXG�CU�RKRGNKPGU�VQ�C�/CVNCD�RTQITCO�CPF�VJGKT�KPENWUKQP
KP�CP�CRRNKECVKQP�UKORNKHKGU�VJG�RTQEGUU�QH�WUGT�KPVGTCEVKQP��CPF�OCMGU�VJG�CRRNKECVKQP
OQTG�CVVTCEVKXG�CPF�GCUKGT�VQ�TGNCVG�VQ� P
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Figure 3: /CVNCD�NCWPEJ�YKPFQY

#�YCNM�VJTQWIJ�HTQO�VJG�NGCTPGTIU�RGTURGEVKXG�QH�VJG�4.%�VTCPUKGPV�TGURQPUG
RTQDNGO�KU�RTQXKFGF�VJTQWIJ�VJG�UWEEGUUKXG�OQFWNG�UETGGPU�UJQYP�KP�U�������(KIWTG��
UJQYU�VJG�RCTGPV�#WVJQTYCTG�UETGGP�HTQO�YJKEJ�/CVNCD�ECP�DG�NCWPEJGF�D[�ENKEMKPI�QP
KVU�KEQP���9JGP�VJKU�KU�FQPG�EQPVTQN�KU�VGORQTCTKN[�VTCPUHGTTGF�VQ�VJG�/CVNCD�EQOOCPF
YKPFQY�UJQYP�KP�(KIWTG���YJGTG�EQORQPGPV�XCNWGU�ECP�DG�TGFGHKPGF�DGHQTG�CP�/�HKNG
KU�TWP���(KIWTGU���CPF���UJQY�VYQ�TGURQPUGU�VJCV�CTG�WPFGTFCORGF�VQ�FKHHGTGPV�GZVGPVU
CU�C�TGUWNV�QH�VJG�EQORQPGPV�XCNWGU�EJQUGP���6JG�PGZV�UGEVKQP�EQPVCKPU�C�FKUEWUUKQP�QH
VJG�DGPGHKVU�QH�VJKU�YQTM�
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Figure 4: Matlab command window

Figure 5: Mildly underdamped response
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Figure 6: 5GXGTGN[�WPFGTFCORGF��TGURQPUG

+8��&KUEWUUKQP
6JKU�KU�LWUV�CP�KPKVKCN�CVVGORV�KP�CP�QPIQKPI�RTQEGUU�VQ�OCVG�VJG�RTGUGPVCVKQP

ECRCDKNKVKGU�QH�#WVJQTYCTG�YKVJ�VJG�EQORWVCVKQPCN�RQYGT�QH�/CVNCD���+P�KVU�RTGUGPV�HQTO
VJG�KPVGTHCEG�GPCDNGU�VJG�NGCTPGT�VQ�KPXQMG�/CVNCD�CV�EGTVCKP�RTG�UGNGEVGF�RQKPVU�KP�VJG
OQFWNG�CPF�GZGEWVG�UQOG�RTG�YTKVVGP�RTQITCOU���6JG�KFGCN�IQCN�QH�UWEJ�CP�GPFGCXQT
YQWNF�DG�VQ�OCMG�VJG�#WVJQTYCTG�VQ�/CVNCD�KPVGTHCEG�EQORNGVGN[�UGCONGUU�UQ�VJCV�VJG
NGCTPGT�ECP�EJQUG�VQ�DTKPI�WR�VJG�NCVVGT�CV�YKNN�KH�JG�UJG�EJQQUGU�VQ�WUG�KV�VQ�GPJCPEG
WPFGTUVCPFKPI��VJG�WUG�QH�VJG�YQTF�UGCONGUU�KU�KPVGPFGF�VQ�KPENWFG�UWEJ�ECRCDKNKVKGU�CU
DGKPI�CDNG�VQ�OCMG�EQORQPGPV�EJCPIGU�KP�C�EKTEWKV�FKCITCO�QP�CP�#WVJQTYCTG�UETGGP
CPF�JCXG�VJG�PGY�CPCN[UKU�TGUWNVU�KPUVCPVN[�EQORWVGF�CPF�CXCKNCDNG�VJTQWIJ�/CVNCD��
#FFKVKQPCNN[��QH�EQWTUG��VJGTG�YQWNF�DG�QVJGT�RTG�FGVGTOKPGF�RQKPVU�KP�VJG�OQFWNG
EJQUGP�D[�VJG�FGXGNQRGT��YJGTG�VJG�NGCTPGT�YQWNF�DG�URGEKHKECNN[�FKTGEVGF�VQ�KPXQMG
/CVNCD��GKVJGT�VQ�IGV�C�RQKPV�CETQUU�QT�VQ�NC[�VJG�ITQWPFU�HQT�CP�QRGP�GPFGF�GZGTEKUG�

#WVJQTYCTG�KU�C�RQYGTHWN�VQQN�KP�VJG�FGXGNQROGPV�QH�%$+�OQFWNGU���*QYGXGT�
QPG�YGCMPGUU�KV�JCU�KU�VJG�KPCDKNKV[�VQ�ECTT[�QWV�JKIJ�NGXGN�EQORWVCVKQP���#U�C�TGUWNV�QH
VJKU�VJG�V[RKECN�OCVJGOCVKECN�RTQDNGO�WUGF�VQ�FGOQPUVTCVG�C�RTKPEKRNG�QT�VQ�VGUV�C
UVWFGPV�KU�QH�VJG�RTGUETKRVKXG�V[RG�YJGTG�VJG�UQNWVKQP�RCVJU�CPF�PWOGTKECN�TGUWNVU�CTG
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RTG�FGVGTOKPGF�CPF�RTQITCOOGF�KP�CFXCPEG���6JKU�YGCMPGUU�ECP�DG�CFFTGUUGF�D[
NKPMKPI�KV�VQ�C�EQORWVCVKQPCN�RCEMCIG�UWEJ�CU�/CVNCD���+H�KP�VJG�OKFFNG�QH�C�RTGUGPVCVKQP
C�UVWFGPV�HKPFU�JKU�WPFGTUVCPFKPI�QH�C�OCVJGOCVKECN�EQPEGRV�DGKPI�FKUEWUUGF�KPEQORNGVG
��KH�JG�KU�PQV�KIGVVKPI�KVL���JG�YKNN�JCXG�C�OGCPU�QH�CFFTGUUKPI�VJKU�RTQDNGO���6JG
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