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2� Transverse and longitudinal waves

1� �avelengt�

Basic concepts o���a�es

�� �e��ani�al waves � sound

�� �le�tro�agneti� waves � lig�t

�� �linear� �olarisation

�� �nter�eren�e

�� �tanding waves

�� �i��ra�tion

�� �u�gens��resnel��rin�i�le

1� T��es o� os�illations

Basic�concepts o��osci��ations

2� �ree os�illation and eigen�re�uen��

�� �ass�s�ring os�illator

�� �riven os�illation

�� �esonan�e

Basic co�c���s o� oscilla�io�s
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e��i�i��i���
stea�� state

�sci��ato�� a ���si�al s�ste� �a�a�le o� os�illation�e�g� �ass atta��ed to a s�ring or �endulu���
�sci��ation ��e��ani�al�� a �eriodi� �re�etitive� �otion a�out a �oint o� e�uili�riu�� 

turning �oint

turning �oint

�isp�ace�ent�e�on�ation ����in �eter it is t�e
�un�tion o� 
ti�e� y�t�

��p�it��e ���� �a�i�al dis�la�e�ent

�e�inder�

� �e�io� ���� duration o� one ���le in a re�eating event� its �ase unit is t�e se�ond �s��

� ��e��enc� ���� nu��er o� ���les �er unit ti�e� T�e re�i�ro�al o� �eriod�

� =
1

�
�����

1

�
= ��

� �n���a� ��e��enc� � �� t�e nu��er o� ���les in 2p. 2p ti�es t�e �re�uen�� �   � = ���

�y��s o� oscilla�io�s

�

���litude is �onstant�
���litude de�reases in 
ti�e�

�a��onic osci��ation
�sin�soi�a� osci��ation�

�on��a��onic osci��ation
�non�sin�soi�a� osci��ation�

�endulu� �lo��� s�ring �endulu� �
s�ring os�illator

os�illations o� t�e �u�an vo�al �ord
s�o�� a�sor�ers in �ars

��ee�osci�ation �a�pe�e� osci��ation

s�ea�er dia��rag� during a sound at 
a given volu�e

�endulu� w�i�� is le�t to itsel��
vi�ration da��er

��i�o�� ci�c�la� �o�io�� ha��o�ic oscilla�io�

�

���� ��� ���

T�e general �or� o� t�e 
dis�la�e�ent�ti�e �un�tion�

�oil s�ring
�endulu�

engine

angle ��� � ti�e� t



�is�lac������ ��loci�y� acc�l��a�io�� �o�c�

�

���� oscilla�io�

�

�rere�uisite�
�e dis�la�e t�e s�ste� and and release it� �reating an os�illation� 

��ee�osci��ation� os�illation t�at �ro�eed on its own wit�out e�ternal
in�luen�e�

�i�en��e��enc� �nat��a� ��e��enc��� �re�uen�� o� a �ree os�illation� 

�t is deter�ined �� t�e �ro�erties o� t�e os�illator ��ass� geo�etri� 
�uantities� �aterial �ro�erties� et����

�ass�o��s��i�� oscilla�o�

� �

�������� =
1

��

�

�

�

�o��ent�
T�e e�uation is onl� valid in t�e ideal �ase� i�e� t�e os�illation is �ar�oni� �not 
da��ed�� �n �a�t� t�ere is alwa�s a loss o� energ� ��ri�tion� air resistan�e���� so t�e 
os�illation is da��ed� 

��i��� oscilla�io�

�

�s�illation �aused �� a �eriodi� e�te�na��
�o�ce� 

�ir �ressure �lu�tuations vi�rate t�e eardru� 
and t�en t�ese vi�rations are trans�itted 

t�roug� t�e auditor� ossi�les

�� one o� t�e tuning �or�s is �it� t�e resulting air 
�ressure �lu�tuations will also �ause t�e ot�er
tuning �or� to vi�rate ��rovided t�at �ot� �or�s are 
tuned to t�e sa�e �it����

� �uring a driven os�illation� we �an �aintain t�e �ar�oni� os�illation wit� a �onstant 
a��litude wit� t�e driving �or�e� des�ite t�e energ� losses�

� T�e os�illationg s�ste� ta�es �p t�e ��e��enc� o��t�e ��i�in� osci��ation� 

��so�a�c�

�

� �� energ� is �eriodi�all� trans�itted to a os�illating s�ste� �� 
�eans o� an e�te�na����i�in� s�ste�� ��i�en osci��ation will 
develo� a�ter a �ertain settling ti�e� 

� �e�ending on t�e �re�uen�� o� t�e driven os�illation� 
os�illations o� di��erent a��litudes are generated� 

� �� t�e ��e��enc��o��t�e���i�en�osci��ation coinci�es wit� t�e 
nat��a����e��enc��o��t�e�s�ste�� a �arti�ularl� strong� �ig��
a��litude driven os�illation is generated�

� � �arti�ularl� �ig��a��litude os�illation at a given �re�uen�� is 
�alled a �esonance� and a �re�uen�� ��ara�teristi� o� a 
��eno�enon is �alled a �esonance ��e��enc�� 

�esonan�e �urve

�o��ent�
T�e ��eno�enon o� resonan�e is used 
in several te��ni�al devi�es �eg nu�lear 
�agneti� resonan�e s�e�tros�o�� and 
i�aging� laser� ����

��n�s�er�t� er� �re�ven�i��a

a��lit�d�

�esonance ��e��enc� ��
�at��a� ��e��enc� o��t�e
osci��ato�

�esonance c���es

wea� da��ing

strong da��ing

�sa��t ���n�s�er



�

��a�ter � and ��o�ewor��

�agneti� resonan�e i�aging ����� �a��s � �asic co�c���s

1�

� �ro�agation o� an os�illation in a �ediu� �a�a�le o�
os�illation�

� �eriodi� �re�eated� ��anges in a ���si�al �uantit� over
ti�e and space�

�a�e��ont� T�e sur�a�e �ontaining �oints o� waves in identi�al ��ase � in t�e sa�e state o�
os�illation�

�a��l����h
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�a�e�en�t� � �� T�e lengt� o� a wave� t�e distan�e
�etween two �onse�utive �oints o� t�e sa�e ��ase�

� T�e �a�e�en�t� is an a�ount analogous to t�e pe�io�� �a�e�en�t� ��ara�teri�es spatia�
�eriodi�it�� w�ile pe�io� is te�po�a� �eriodi�it�� 

�
�

� ����orrelation �etween wavelengt� 
and �eriod ti�e �or �re�uen����

�elo�it� o� �ro�agation

�o��ent�
T�e relation is generall� valid �or all t��es o� waves ��e t�e� �e��ani�al� ele�tro�agneti� 
or even �aterial waves�� 

������t�� ���t�� � swi�tness

�o��i���i�al a�� ��a�s���s� �a��s

12

�e�ending on t�e relations�i� �etween t�e �i�ection o� �isp�ace�ent �osci��ation� and t�e �i�ection o�
p�opa�ation� we �an distinguis� �etween longitudinal and transverse waves��

� �on�it��ina���a�es��T�e dire�tion o� os�illation is pa�a��e� to t�e dire�tion o� �ro�agation� 
� ��ans�e�se �a�es��T�e dire�tion o� os�illation is �er�endi�ular to t�e dire�tion o� �ro�agation� 

�ro�agationos�illation �ro�agation

��ans�e�se �a�es�on�it��ina� �a�es

leveg�



�a�� �h��o���a

1�

T�e �water wave� is dire�tl� o�serva�le�
�e�ause it varies slowl� enoug� �s�all � �

and is large enoug� �long ��

�ut e�g� t�e �lig�t wave� is not li�e t�at�

�owever� under �ertain �onditions�
patte�ns �an a��ear t�at �o not c�an�e
over ti�e �or ver� little�� and t�eir si�e �an
�e signi�i�antl� larger �

����������c�

1�

T�e �ost i�po�tant p�eno�enon related to waves is inte��e�ence� �t o��urs
w�en two or �ore waves �eet� �onditions �or t�e visi�ilit� o� �atterns�
� �o�erent waves �e�g� �onstant ��ase di��eren�e �� � �onst��
� T�e distan�e �etween sour�es is �o��ara�le to t�e wavelengt�

�onstru�tive
inter�eren�e

destru�tive
inter�eren�e

resulting wave

resulting wave

wave 2

wave 2

wave 1

wave 1

��aller sour�e s�a�ing �red �ar��� 
larger �attern si�e ��lue �ar���

��y���s����s��l ��i�ci�l�

1�

� ��o�e� to des�ri�e wave �ro�agation
� ����ens� �a�� �oint on t�e wave�ront �an �e �onsidered as

t�e starting �oint �or a new s��eri�al wave� �alled t�e
e�e�enta�� �a�e

� T�e ele�entar� wave �ro�agates at t�e sa�e s�eed and
�re�uen�� as t�e original wave

� T�e co��on en�e�ope o� t�e ele�entar� waves results in a
ne� �a�e��ont

� ��esne�� ��en t�e new envelo�e a��ears� t�e p�incip�e o�
s�pe�position a��lies� waves �ass t�roug� ea�� ot�er � t�e�
inte��e�e

�i���ac�io�

1�

��an�e�o� t�e��i�ection�o���a�e�p�opa�ation�on�o�stac�es�and openin�s in t�e 
�at� o� t�e wave �not at t�e inter�a�e o� two �edia���

��a��le� di��ra�tion in one slit�

T�e waves a�so�penet�ate��e�in��an�openin��into a range t�at �ould �e ter�ed 
as �s�a�o��space� �ased on a si��le �eo�et�ic e��e�tation�

� � � � � �

wavelengt� slit widt�



1�

� �e�ending on t�e si�e o� t�e o�stac�e�or openin� and t�e �atio�o��t�e��a�e�en�t�� t�e 
�i���action�is��o�e�o���ess�p�ono�nce�

� T�e ��eno�enon o� �i���action�is�a���t�e��o�e�p�ono�nce��

� T�e �a��e��t�e��a�e�en�t��
��or a given slit widt��

� t�e s�a��e��t�e�o�stac�e�o��
s�it ��or a given wavelengt��

���li�ation�
�i��ra�tion �et�ods
�e�ra�tion is t�e reason �or t�e �inite resolution o� all o�ti�al devi�es� e�g� �i�ros�o�e� e�e

��a��i�� �a��s

1�

T�e re�le�tion o� a wave

� �ree end

� �t is t�e result o� t�e inte��e�ence�o��t�o�p�ane �a�es�o� t�e sa�e �re�uen�� and 
a��litude �ut in opposite�p�opa�ation��i�ections��e�g� su�eri��osition o� re�le�ted and 
in�ident waves�

� �a�� �oint wit�in a node os�illates wit� t�e sa�e ��ase �ut di��erent a��litude

� �t t�e �i�ed end t�ere is a node

� �t t�e �ree end an anti�node

� �i�ed end

anti�nodes

nodes

1�

��� ��

���

�unda�ental �re�uen��

2� �ar�oni�

���
�

�
�

�� �ar�oni�

�

�
�

�
� �

�� � �
�

�
� ���

�� �
�

�
�

�

�
� ���

�� � �unda�ental
�re�uen��

��a��le� � s�ste� wit� two �i�ed ends ��ot� nodes�

�

�o��ent�
T�e �asi� �re�uen�� o� a string o� a violin �an �e set e�g��
� �� ��anging t�e lengt� o� t�e string
� �� ��anging t�e vi�ration state o� t�e string �� s�eed o� �ro�agation�

��i��a�� �ola�isa�io�

2�

� �n t�e �ase o� t�ans�e�se �a�es� t�e dire�tion o� os�illation and t�e dire�tion o� �ro�agation
are �er�endi�ular to ea�� ot�er

� T�e �i�ection o� t�e osci��ation is not �et p�ecise�� �ete��ine�� alt�oug� it is alwa�s
�er�endi�ular to t�e dire�tion o� �ro�agation �� un�olari�ed wave�

� T�e �se�ection� o� one �i�ection o� osci��ation �p�ane o� osci��ation� �� �eans o� a
�olari�er is �alled linear �olari�ation� �n�� t�ans�e�se �a�es can �e po�a�i�e��

�sing �olari�ed lig�t�

gout uri� a�id �r�stals in a �i�ros�o�e wit� �olari�er

�olarised lig�t in �i�ros�o��



��cha�ical �a��s
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� T�e� are �ound to �aterial �ove�ents �t�e� need a 
�ediu� to �ro�agate�

� T�e �ove�ent o� t�e �o��onents o� t�e �ediu� e�g��

� waves o� water �water�

� sound waves �air�

� T�e� �an also �e longitudinal and transverse waves�

� �ec�anica���on�it��ina��waves are a�le to �ro�agate in 
a����e�ia� �ec�anica��t�ans�e�se�waves on���in�
so�i�s� ��owever� t�e sur�a�e waves o� water are �artiall� 
transverse��

� T�e �ro�agation o� waves is a��o��anied �� ene����
t�anspo�t� �ut not �� �aterial trans�ort� 

�o���

22

� �ound waves are �e��ani�al waves� w�i�� �an �e divided into �our ranges �ased on 
�u�an �earing�

� T�e s�eed o� sound is generall� lower in gases t�an li�uids and lower in li�uids t�an in 
solids�

�����a�i�� so��� �a��s

2�
vo�al �ords

vo�al �ords e�iglottis

glottis ��losed�

vo�al �ords

tra��ea  

P�o�l��

2�

T�e dol��in e�its a sound wit� a wavelengt� o� � ���
a� �al�ulate t�e �re�uen�� in water�

�� ��i�� �re�uen�� range does t�is sound �elong to�

�� �ound waves travel �ro� water to air� �al�ulate t�e �re�uen�� in t�e air�

d� �al�ulate t�e wavelengt� in air�



�l�c��o�a����ic �a��s

2�

� �aves o� ele�tri� and �agneti� �ields

� �le�tro�agneti� �ield is t�e os�illating �ediu�� so t�ese waves can p�opa�ate in a
�ac����

� Transverse waves �so t�ese �an �e �olari�ed�

� �ll ele�tro�agneti� waves �ro�agate in a va�uu� at t�e sa�e s�eed� t�e s�eed o� lig�t�

� � 2�� ��2 ��� ��s � ��1�� ��s

�i�h� � �h� ��s� ��o�� �l�c��o�a����ic �a��

� T�e s�e�tru� o� visi�le lig�t is a��ro�� ��� n� to ��� n� �����range�
� ����n������n�

ele�tri� �ield

�agneti� �ield

dire�tion o� �ro�agation


