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3� Transverse and longitudinal �aves

�� �avelengt�

1� �aves � �asi� �on�e�ts

�� �e��ani�al �aves � sound

�� �le�tro�agneti� �aves � lig�t

�� �linear� �olarisation

�� �e�le�tion and re�ra�tion

�� �nter�eren�e

�� �tanding �aves

1�� �i��ra�tion

11� �u�gens��rin�i�le

�h���o�y�a�ics

3� �eat

�� Te��erature its s�ales

1� T�er�ial energ� �� �tates o� �atter

�� �deal gas �odell

�� �eat �a�a�it� and s�e�i�i� �eat �a�a�it�

�� ��ase transition and s�e�i�i� latent �eat

�a��s � �asic co�c���s

�

� �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
time and space�

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

�a��l����h

3

Wa�e�e��t� � �� T�e lengt� o� a �ave� t�e distan�e
�et�een t�o �onse�utive �oints o� t�e sa�e ��ase�

� T�e �a�e�e��t� is an a�ount analogous to t�e pe�i��� Wa�e�e��t� ��ara�teri�es spatia�
�eriodi�it�� ��ile pe�i�� is temp��a� �eriodi�it�� 

�
�

� ×���orrelation �et�een �avelengt� 
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� �aves ��e t�e� �e��ani�al� ele�tro�agneti� 
or even �aterial �aves�� 

�elerit�� �l�t�� � s�i�tness

�o��i���i�al a�� ��a�s���s� �a��s

�

�e�ending on t�e relations�i� �et�een t�e �i�ecti�� �� �isp�aceme�t ��sci��ati��� and t�e �i�ecti�� ��
p��pa�ati��� �e �an distinguis� �et�een longitudinal and transverse �aves��

� ����it��i�a���a�es��T�e dire�tion o� os�illation is pa�a��e� to t�e dire�tion o� �ro�agation� 
� ��a�s�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

��a�s�e�se �a�es����it��i�a� �a�es

leveg�



��cha�ical �a��s

�

� 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��

� �aves o� �ater ��ater�

� sound �aves �air�

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

� �ec�a�ica������it��i�a���aves are a�le to �ro�agate in 
a���me�ia� mec�a�ica��t�a�s�e�se��aves �����i��
s��i�s� ��o�ever� t�e sur�a�e �aves o� �ater are �artiall� 
transverse��

� T�e �ro�agation o� �aves is a��o��anied �� e�e����
t�a�sp��t� �ut ��t �� �aterial trans�ort� 

�o���

�

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

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

�����a�i�� so��� �a��s

�
vo�al �ords

vo�al �ords e�iglottis

glottis ��losed�

vo�al �ords

tra��ea  

P�o�l��

�

T�e dol��in e�its a sound �it� a �avelengt� o� � ���
a� �al�ulate t�e �re�uen�� in �ater�

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

�� �ound �aves travel �ro� �ater to air� �al�ulate t�e �re�uen�� in t�e air�

d� �al�ulate t�e �avelengt� in air�



�l�c��o�a����ic �a��s

�

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

� �le�tro�agneti� �ield is t�e os�illating �ediu�� so t�ese �aves ca� p��pa�ate i� a
�ac��m�

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

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

� � ��� ��� ��� ��s � 3�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�� 3�� n� to ��� n� �����range�
� �����m������m

ele�tri� �ield

�agneti� �ield

dire�tion o� �ro�agation

��i��a�� �ola�isa�io�

1�

� �n t�e �ase o� transverse �aves� 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 dire�tion o� t�e os�illation is not �et �re�isel� deter�ined� alt�oug� it is al�a�s
�er�endi�ular to t�e dire�tion o� �ro�agation �� un�olari�ed �ave�

� T�e �sele�tion� o� ��e dire�tion o� os�illation ��lane o� os�illation� �� �eans o� a �olari�er is
�alled linear �olari�ation�

�sing �olari�ed lig�t�

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

�olarised lig�t in �i�ros�o��

����������c�

11

� ��eno�enon t�at o��urs ��en t�o or �ore �aves �eet� �ill a��ear ��en�
� �aves �ave t�e sa�e �aveleng�t

� T�eir ��ase relations�i� is �onstant over ti�e

�onstru�tive
inter�eren�e

destru�tive
inter�eren�e

resulting �ave

resulting �ave

�ave �

�ave �

�ave 1

�ave 1

��a��i�� �a��s

1�

T�e re�le�tion o� a �ave

� �ree end

� �t is t�e result o� t�e inter�eren�e o� t�o �lane �aves o� t�e sa�e �re�uen�� and a��litude 
�ut in o��osite �ro�agation dire�tions �e�g� su�eri��osition o� re�le�ted and in�ident 
�aves�

� �a�� �oint �it�in a node os�illates �it� 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
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�unda�ental �re�uen��

�� �ar�oni�
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�
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�� � �unda�ental
�re�uen��

��a��le� � s�ste� �it� t�o �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���ac�io�

1�

��ange o� t�e dire�tion o� �ave �ro�agation on o�sta�les and o�enings in t�e �at� 
o� t�e �ave �not at t�e inter�a�e o� t�o �edia���

��a��le� di��ra�tion in one slit�

T�e �aves also �enetrate �e�ind an o�ening into a range t�at �ould �e ter�ed as
�s�ado� s�a�e� �ased on a si��le geo�etri� e��e�tation�

� ≪ � � ≈ �

�avelengt� slit �idt�

1�

� �e�ending on t�e si�e o� t�e o�sta�le or o�ening and t�e ratio o� t�e �avelengt�� t�e 
di��ra�tion is �ore or less �ronoun�ed

� T�e ��eno�enon o� di��ra�tion is all t�e �ore �ronoun�ed�

� T�e larger t�e �avelengt� 
��or a given slit �idt��

� t�e s�aller t�e o�sta�le or slit
��or a given �avelengt��

�o��ent�
�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� 

��y���s����s��l ��i�ci�l�

1�

� � �odel to des�ri�e �ave �ro�agation
� �a�� �oint on t�e �ave�ront �an �e

�onsidered as t�e starting �oint �or a ne�
s��eri�al �ave� �alled t�e ele�entar� �ave

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

� T�e �o��on envelo�e o� t�e ele�entar�
�aves results in a ne� �ave�ront



�h���o�y�a�ics

1�

3� �eat

�� Te��erature its s�ales

1� T�er�ial energ�

�� �tates o� �atter

�� �deal gas �odell

�� �eat �a�a�it� and s�e�i�i� �eat �a�a�it�

�� ��ase transition and s�e�i�i� latent �eat

�h���al �o�io� a�� �h���al �����y

1�

�ltra�i�ros�o�e �dar�
�ield �i�ros�o�e� T�e t�er�al energ� o� an o��e�t in�ludes t�e

energies o� di��erent �ove�ents o� t�e �arti�les
t�at �a�e u� t�e o��e�t �translation� rotation�
vi�ration�

� Te��erature is t�e gradation or degree 
o� t�is t�er�al energ� o� t�e o��e�t� 

����
�

�

�

� � �

������a���� a�� ������a���� scal�s

1�

� T�e �entral �on�e�t o� t�er�od�na�i�s is te��erature ��� �ase �uantit��
� �t ��ara�teri�es t�e state o� a given o��e�t and gives t�e �e��ee����t�e�ma��e�e���
� �n ���si�s� �e use t�e �e��i��sca�e�to �easure te��erature �unit� �elvin�
� T�ere is an a�s���te��e���p�i�t��� �� on t�e �elvin s�ale� �ut no u��er li�it
� �t t�e a�solute �ero �oint� t�e �arti�les �ould sto� �oving � i� �e �ould rea�� � � 
� �an� p��pe�ties�o� t�e o��e�ts �a�� de�ending on t�eir te��erature� e�g��

� volu�e �t�er�al e��ansion�
� �olor
� ele�tri�al resistan�e
� �ressure o� gases

� T�e t�o te��erature s�ales are s�i�ted relative to ea�� 
ot�er � �ut t�e ste�s on t�e t�o s�ales are t�e sa�e

�Cels��s � ��el��� � ���

��el��� � �Cels��s � ���

�oiling �oint o� 
�ater

�ree�ing �oint o� 
�ater

a�solute �ero
�oint

��a� a�� h�a� ca�aci�y

��

�eat �usual s���ol ��� T�er�al energ� trans�erred �ro� one 
o�e�t to anot�er�

�ld unit o� �easure�ent is �alories ��al�� 1 �al � ��1�� � 

T�e �eat capacit� � � �an �e used to �a�e a �onne�tion
�et�een t�e �����e i� t�e te��er�t�re o� an o��e�t �� and t�e
�e�t a�sor�ed or released ��

� �
�

��
��

�

�

� �� �e �ant to in�rease t�e te��erature o� a �od�� �e �ave 
to give �eat to it� t�en � and �� are �ositive

� �� �e �ant to redu�e t�e te��erature o� a �od�� �e �ave to 
e�tra�t �eat� t�en � and �� are negative

� T�e �eat�capacit��o� a �od� also de�ends on t�e�mate�ia��
��a�it� and t�e mass� ��� �

�peci�ic �eat capacit� ����� �
�

�
��

�
����

�ro� t�e �o��ination o� t�e t�o �or�ulas� � � � � � � ��

e��i���me�t

e��i���me�t

e��i���me�t

s�stem

s�stem

s�stem

�s ���e

�s ���e

�s ���e

�e

�e

�e

�s

�s

�s

�

�

�����

�����

�����



P�o�l��

�1

�e �ant to �ool � dl o� orange �ui�e �ro� ���� to ���� 
�o� �u�� �eat do �e need to re�ove �ro� t�e drin�� 
�T�e densit� o� orange �ui�e is 1��� g���3��

�aterial s�e�i�i� �eat
�a�a�it�� �

����g���

orange
�ui�e

�1��

��a��s o� �a����

��

� �tates are �ani�estations o� �atter �it�
di��erent stru�tures and �ro�erties in ��i��
a su�stan�e �a� e�ist de�ending on
e�ternal �onditions �e�g� te��erature and
�ressure��

� T�e te��erature o� t�e trans�or�ations
varies as a �un�tion o� �ressure � ��ase
diagra�

� �e distinguis� t�ree states� s��i�� �i��i��
and �as

� �ater �an a��ear in t�ree states� i�e� li�uid
�ater� and �ater va�or

� ��ara�teristi�s o� t�e states o� �atter�

� ��li�� �ell�de�ined ����me and s�ape
� li��i�� de�inite ����me �ut s�ape ��t
� ���� �� de�inite volu�e or s�a�e

te��erature

�ressure

�riti�al �oint

�ater

tri�le �oint

�ate�
�ap���

ice

Phas� ��a�si�io� a�� s��ci�ic la���� h�a�

�3

� �nerg� is also re�uired �or stru�tural ��ange
� T�e �eat o� trans�or�ation � �orres�onds to t�e a�ount o�

�eat t�at a �od� a�sor�s or releases during ��ase transition�
� T�is a�ount o� �eat also de�ends on t�e �ass and t�e

�ollo�ing �ro�ortionalit� a��lies to it� � � � �

� �e�ending on t�e ��ase transition �e are tal�ing a�out� �e
give di��erent na�es to t�e ��ase transition �eat e�g��

� s�e�i�i� �eat o� �usion ��elting�
� s�e�i�i� �eat o� va�ori�ation ��oiling or eva�oration�

s�e�i�i� latent �eat� � �
�

�
�
�
��

���al �as

��

�� � ���

� �odel in ��i�� �e �a�e t�e �ollo�ing assu��tions�
� T�e gas �arti�les are �oint�li�e
� T�e gas �arti�les �ave no volu�e
� �o intera�tion �et�een individual �arti�les ��it� one e��e�tion� elasti� �ollision �it� ea�� 

ot�er and �it� t�e �all�

�o��ent�
�nli�e t�e �ig�l� si��li�ied ideal gas �odel� all �arti�les o� real gases �ave a volu�e and intera�t �it� ea��
ot�er t�roug� attra�tive and re�ulsive �or�es�

�arti�le �ount � volu�e �

�ressure � te��erature �

���

���

��
�

�

�� � ���

��ea� �as �a��

�lternative �or��

�olt��ann�s �onstant
� � 1�3��1���3 ���

universal gas �onstant
� � ��31 ����ol ��
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��a�ter �� and �� �o�e�or��


