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D+EGF�HIEKJLFNM OPOPOPOPOPOPOPOPOPOPOPOQOROQOROQOROQOROQOPOPOPOPOPOPOPOPOPOPOPOQOROTS
U HVF�HVF�W6XYJ[ZVJ]\^F�Z_OPOPOPOPOPOPOPOPOPOPOQOROQOROQOROQOROQOPOPOPOPOPOPOPOPOPOPOPOQOROTS
` F�abF�cAdYF�ce\gf�hGXYHIZVF�Z OPOPOPOPOPOPOPOQOROQOROQOROQOROQOPOPOPOPOPOPOPOPOPOPOPOQOROji
kK\VXYdYF�ce\ghGXA\Vf�hGl)F�Z OPOPOPOPOPOPOPOQOROQOROQOROQOROQOPOPOPOPOPOPOPOPOPOPOPOQOROji
mnXYHIHVJLf�XYoLXAl OPOPOPOPOPOPOPOPOPOPOQOROQOROQOROQOROQOPOPOPOPOPOPOPOPOPOPOPOQOROqp
krXYstsGF�Zu\^F�dwvxFzyK\^Z OPOPOPOPOPOPOPOPOQOROQOROQOROQOROQOPOPOPOPOPOPOPOPOPOPOPOQOROqp
{ hC\^F�Z�\Vh�\V|YF~}�cYZI\VHVXYfN\^hGH OPOPOPOPOPOQOROQOROQOROQOROQOPOPOPOPOPOPOPOPOPOPOPOQORO��

�R�n���Y�g�����
v�|YF�JLcAZI\^HIXYf�\VhGHVZ~ht��\^|AF)oL�t�bhGH^�C\VhGHI�wabhGHI\VJLhGc&ht� U���� k�iC�G�G� F�c@�Ih��&ZIhGl)F;�CXA\^hGcAhGl$�*J[c&|Yh�MT\^|AF
o��C�*JLZ�f�hGcYdYXAf�\^F�d!���YXA\�J]\�JLZ�\^|YF�J[cYZI\VHVXYfN\^hGH+ht��\^|YF�o[F�f�\VXYHVF$a�hGHu\^J[hGc*ht��\^|AF�f�hGXAHVZVFC��|YF�HIF��C��\VF�H�\^|AF
� o[F�f�\VXYHVF�HV�Y��M�|Yh�JLZ�HVF�ZVabhGcYZIJL�Yo[F�� hGH�\^|YF¡h�EGF�H^�to[o�f�hGXYHIZVFC���tZVZIJLsGcAZ�¢Yc£�to�sGHV�tdYF�Z�\Vh�\V|YF¡ZI\^XAdYF�ce\^Z��
�tcYdwJLZ3�IXYdYsGF�d*�e�¤ZI\^XAdYF�ce\�FNEt�CoLX£�C\VJLhGcAZ�O�v�|YF�HVF�� htHVFt�b\^|YF�o��t�¤JLcAZI\^HIXYf�\VhGH�¥ Z§¦�cYF�F�d�\^h;f�hGcYZIXYo[\�M�J[\V|
\^|AF�oLF�fN\^XYHIF�H�J[c&|Yh�M¨\V|YF�oL�t�&JLZgf�hGcYdAXYf�\VF�d!�©�tcYd&M�|YF�HVF�\V|YF�HIF�JLZ�dYJ[Z^�tstHVF�F�l;F�ce\��ª\V|YF�EKJLF�M¨ht��\^|AF
oLF�f�\VXYHVF�H�ZI|£�to[o!aYHVFNEC�tJLo«O

v�|YF�aYHVJ[l
�CHI�Q�tJLl ht�¬\^|YF�o��C��hGHV�C\^htHVJLF�Z
J[Z
\^hdYFNEGF�o[hGa®\^|YF�ZV¯6J[oLoLZ��tcYd°\^hKhGoLZ
cYF�f�F�ZVZV�tHI�°� htH
FNyrabF�HIJLl)F�ce\§�to�aY|e�KZVJ[f�Z�O�kKF�f�htcYd£�tHu�/�tJ[l;Z¬JLcYf�oLXYdAF;HIF�JLcr� hGHVf�JLcYswaY|e�rZIJLf��tonf�hGcYf�F�aA\^Z�J[ce\^HVhKdYXYf�F�d/J[c
\^|AF�oLF�f�\VXYHVF�Z����tcYd±o[F��tHIcYJLcAs²|Yh�M³\^h²f�hGl)l�XYcAJLf��@\^F¤HVF�ZIXYo[\VZ
J[c±�2ZIf�JLF�ce\^J[¢Yf��to[o[�/l)F��tcAJLcYst� XAog�CcYd
XYZIF�� XYo>�´�tZI|YJLhGcªO

µ Z�l$XYf§|��tZ+J[Z+aYHV�tf�\VJLf��to¶�·o��C�YZ��tHIF�dYF�ZVJLstcYF�d&�CcYd&ZVF�WKXAF�cYf�F�d�ZVh
\V|£�C\+\V|YF�aY|e�KZVJ[f��toxf�hGcAf�F�ar\^Z
�tHIF¬HIF�EKJLFNMnF�d�J[c�\^|YF~oLF�f�\VXYHVF�Zg�bF�� hGHIF�\^|YFN�¤�tHVF�XAZVF�dwJLc7\^|AF¬oL�t�!O

¸ HVhGl¹\^J[l;F)\^h*\^J[l;FC��JLcYZu\^HIXYf�\VhGHVZ�l;���²M�J[ZV|/\^h&dYFNEGF�oLhGacYFNMºFzyAabF�HIJLl)F�ce\^Z�\Vh�F�cY|£�CcYf�F7\^|AF
ZI\VXYdYF�c6\VZ�»rF�dYXYf��C\^J[hGc!�KZV¯6JLo[o·ZVF�\VZ��ro��t�)FNyrabF�HVJ[F�cYf�Ft�rF�\^fCO µ ce�;cYF�M®FzyAabF�HIJLl)F�ce\^Z¼ZV|YhtXYoLd;��F�HVFNErJ[F�M¼F�d
�tcYd��taYaYHIh�EGF�d&�e�¡\^|AF�mnXYHIHVJLf�XYoLXAl½mnhGl;l)J[\I\^F�Ft�£JLc¤f�htcYZVXYo]\§�C\VJLhGc¡M�J[\V|w\V|YF$o[F�f�\VXYHVF�H��·\^|YF¬aY|e�KZVJ[f�Z
\^F�f§|YcYJ[f�J��Cc!�£�tcYd¡\^|AF¬J[cYZI\VHVXYfN\^hGHIZ��tZVZIJLsGcYF�d¤\Vh�ht\^|YF�H�o��t�7ZIF�f�\VJLhGcAZg�bF�� hGHIF���F�JLcYs�J[l;aYo[F�l)F�ce\^F�d!O

¾ �£�©�£��¿�À���ÁY�ÃÂY��Á
kK\VXYdYF�ce\VZ�l�XAZI\~�bF)F�cYHVhtoLoLF�d&JLc U���� k�iC�G�G� ¥«Ä�oLF�f�\VHVJLf�J[\����tcYd²Å��tstcYF�\VJLZVl
¦NO$v�|KXAZ��©ZVF�F�\V|YF�aYHVFzÆ
HVF�W6XYJLZIJLZI\VF�Z�ZVF�f�\VJLhGcYZ�� hGHÇ\V|YJLZ�f�hGXYHVZIFtO

}�cq�tdYdAJ[\^J[hGc!��Zu\^XYdAF�ce\^Z&�CHVF2Fzyra�F�f�\^F�d�\^hP|£��EGF2\^�t¯tF�cq�tcYd�f�hGl)aYoLFN\^F�dÈ\^|YF²o��t�ÈabhGHI\VJLhGcÈht�
U���� kwitpt�G� ¥�É�J[�YH^�C\VJLhGcAZ��AÊ2��EGF�Z��ª�CcYd*D�aA\VJLf�Z§¦N�£cY�tl;F�o[� U���� k¤itpG�G�GË �·ZIJLcYf�F U���� k�i@�e�G�GË�JLZ��
dYJ[HVF�fN\~� hGoLo[hÌMÇÆÃhGc*\^h¡\^|Y�C\�O
D��6EKJ[hGXYZVo]�G��\^|YF�ZIXY�K�IF�fN\�l;�C\^F�HVJL�to.J[c U���� k2iC�G�G�GËPJ[Z~dYJ[Í�F�HIF�ce\~� HVhGl

http://www.ap.smu.ca/~dclarke/smuap_curriculum/documents/PHYS2400.pdf
http://www.ap.smu.ca/~dclarke/smuap_curriculum/documents/PHYS2400.pdf
http://www.ap.smu.ca/~dclarke/smuap_curriculum/documents/PHYS2300.pdf
http://www.ap.smu.ca/~dclarke/smuap_curriculum/documents/PHYS2300L.pdf
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\^|Y�C\~JLc U���� k²itpt�G�GË��ª�YXr\¬\V|YF�o��C��\VF�f§|YcAJLW6XYF�Z��xXAZVF�ht�¼f�hGl)aYXA\VF�H~�tc£�Co[�KZVJ[Z��>F�HIHVhGH�aAHVhGa£�Cse�C\^J[hGc!�
�tcYd�\^|YF¼ZI\��KoLF¼ht�£� hGHVl;�toeHIF�abhGHI\VZ3�tcYd$aYHVF�ZVF�ce\^�C\^J[hGcYZ3ZI|YhGXYo[d$�bFnf�htcYZVJ[ZI\^F�ce\�JLc���ht\V|$ZIF�f�htcYd��GF��tH3o��C�
f�htXYHVZIF�Z�O�v�|6XYZ��£Zu\^XYdAF�ce\^Z�F�ce\VF�HVJ[cYs�\^|AJLZÇoL�t��JLc��G�tc6X£�tHI�
ZV|YhtXYoLd¡�to[HVF��tdA�)|£��EGF�\^|AF��£�tZIJLf�oL�t��ZV¯6J[oLoLZ
cYF�f�F�ZIZ^�tHu�7� hGH���ZVF�f�hGcAd¤�tF��tH�o��C�!�Y�tcAd¡M�J[oLob|£��EGF¬��F�F�c¤�tf�f�oLJ[l
�@\^JLZIF�d
\Vh�\^|YF~sGHIF��C\VF�HÇFzyra�F�f�\§�@\^JLhtcYZ
h�EGF�H�\V|YF�¢£HVZu\��tF��tH�oL�t�!O

}Ã�x\�M¼h)dYJ[Í�F�HIF�ce\�JLcYZu\^HIXYf�\VhGHVZ��tHIF~�tZVZIJLsGcYF�d7\^h U���� k¤itpG�t�GË²�CcYdwiC�e�G�GË��A\V|YF���ZV|YhGXAoLd¡dYJLZIf�XYZIZ
�bF�� hGHIFg\^|AF+�´�toLo£\VF�HVl �bF�sGJ[cYZÇ�$f�hGl)l;hGc;sGH^�CdYJLcYs�ZVf§|YF�l;FC�Yo��C�
aYHIht\^hKf�hGo«�A�CcYd�ZV¯6J[oLoLZ�\^h$��F�Zu\^HIF�ZVZIF�d
JLc7\V|YF~ZVF�f�hGcYd¤�GF��CH�oL�t�bhGH^�C\VhGHI�tO

� ���$���������nÂ����¼À��£ÁA��Á
U���� k¤p �t�G� Ä.yra�F�HVJ[l;F�c6\^�to U |e�rZIJLf�Zg}

v�|YJLZ;JLZ)\^|YF�¢YHVZI\
ZI\^�tcYdrÆ��toLhGcAF�o��C�Qf�htXYHVZIF¥ M�J]\^|±cYh �tf�f�hGl;aY�tce�rJ[cYs o[F�f�\VXYHVFwZVF�HVJLF�Z§¦;J[cQ\^|AF
aYHVhtsGH^�tl)l)Ft�Y�CcYd¡JLZÇM�|YF�HVF¬ZI\^XAdYF�ce\^Z�ZI\^�tHI\�\Vh�se�tJLc¤��� XYo[o!�taYaAHVF�f�J��C\VJLhGc7hC�.|Yh�M���aA|6�KZIJLf�Z�o��C�
JLZ�HIXYc!O~v�|YF�oL�t�*abhGHI\VJLhGcYZ+ht� U���� k�itpt�G���tcYd�i@�e�G�
� F�F�d&dYJLHIF�fN\^o[�wJLce\Vh U���� k&p �t�G�A��M�|AJLf§|
HVF�oLJLF�Z�hGc
Zu\^XYdYF�ce\^Zn|Y��EKJ[cYs$o[F��tHIcYF�d�� HVhGlT\V|YF�J[H�ZVF�f�hGcYdrÆ¶�GF��tHÇo��C�)Fzyra�F�HVJLF�cYf�FgaYHVhta�F�H¼oL�t�;ZV�C� F�\��
�tcYd�aYHIht\^hKf�hGo«�G|Yh�M±dY�C\§�~�tHIFÇ\§�t¯CF�c!�6HVF�f�hGHIdYF�dª�r�CcYd)�tc£�to]�rZIF�d!�6aYHIhGabF�H�F�HIHVhGH�aAHVhGa£�Cse�C\^J[hGc!�e�CcYd
|Yh�M�ZIf�JLF�ce\^J[¢Yf¬HIF�ZIXYo[\VZg�CHVF�M�HVJ]\V\^F�c¡XYa��CcYdwaAHVF�ZIF�ce\^F�d!O

!�ÂYÀ����"�nÂÈ�QÀgÂ#���%$ ��Á
kK\VXYdYF�ce\VZgf�hGl;aAoLF�\VJLcYs�\V|YF~ZVF�f�hGcYd¤�GF��tH�o��t�¡ZV|AhGXYoLd¡�bF�sGJ[c7\^h�l
�CZI\^F�HÇ\^|YF~� hGo[oLh�M�JLcYs�ZV¯6JLo[oLZ'&
SGO���l)F�\^|AhrdYJ[f��to«�AZu�rZu\^F�l
�C\VJLf~�taAaYHVhe�Cf§|¤\Vh)sG�C\^|YF�HVJ[cYs�d£�C\§�
irO��´�tl)JLo[J��tHIJ[\���M�J]\^|¡d£�C\^���tc£�to]�rZIJLZÇ\VhrhGo[Z(&

Æ
f§|AhrhGZIJLcYs�EC�tHVJL�t�Yo[F+W6X£�tce\^J]\^J[F�Z�HVF��tZVhGcY�t�Yo[�
Æ
J[ce\^F�HIaYHVFN\§�C\VJLhGc¡ht�xZI\VH^�tJ[sG|e\�oLJ[cYF�Z¬¥ � f�hGceEtF�HI\�\^|AF~\V|YF�htHI��\Vh��thGXYH�ZVo[hGabF��6¦
Æ
aAHVhGa£�Cse�C\^J[hGc7ht�.XYcYf�F�HI\^�tJLce\^J[F�Z¬¥ XYZVJ[cYs�a£�tHI\VJ��to Æ�dYJ]ÍªF�HVF�c6\VJ��tobl)F�\^|Ahrd·¦
Æ
F�oLF�l;F�c6\^�tHI��ZI\§�@\^JLZu\^J[f�Z¬¥«��EtF�H^�CsGF�Z^¦
Æ
XAZVF¬ht�.f�hGl)aYXA\^F�H�ZVht��\�Mn�tHVF�\Vh)�´�tf�JLo[J[\§�@\^Fg�tc£�to]�rZIJLZ

pAO�ZV�C� F¬�tcYd¡F�Í�F�fN\^J[EtF�XAZVF¬ht�.�Y�tZVJ[f�FNyra�F�HVJ[l;F�c6\^�to>F�W6XYJ[aYl)F�ce\
Æ
f�JLHIf�XYJ]\��YXYJLo[dYJLcAs
Æ
l$XYo[\VJLl)F�\^F�H��tcYd¡hGZIf�J[oLoLhtZVf�hta�F�aYHIht¢£f�JLF�cAf��
Æ
o[F�cYZ*)ChGaA\VJLf��to]ÆÃf�hGl)a�htcYF�ce\�|£�CcYdYoLJ[cYs
Æ;EtF�HIcYJLF�HgaYHIht¢£f�JLF�cAf��
Æ
XAZVF�H�» Zgl
�CcKXY�toLZ

�YO�f�hGl;l$XYcYJLf��C\^F+ZVf�J[F�ce\^J]¢£f~HVF�ZVXYo]\^Z��£J[cYf�o[XYdYJ[cYs#&

http://www.ap.smu.ca/~dclarke/smuap_curriculum/documents/PHYS3600.pdf


����� 	������
	��	� ��
������
���� � ���
��� ��
������
������ � p

Æ
ZIF��tHIf§|w� hGH��CcYdwXAZVF¬HVF�ZIXYo[\VZ�� HVhGl \^|YF~oLJ]\^F�H^�C\VXYHVF
Æ
ZIXYf�f�JLcYfN\��·f�o[F��tH�aAHVhGZIF
¥ JLl)a�F�HVZIhGc£�to�¦¼JLc�M�HIJ[\V\VF�c¤HVF�a�hGHu\^Z
Æ��Cc£�to[�6\VJLf��Co!FNyraYHIF�ZVZIJLhGc
Æ
Fzyra�F�HVJLl)F�ce\^�to>l;FN\^|YhKdYhGo[hGst�
Æ
HIF�aYHIF�ZIF�ce\^J[cYs
d£�@\§��XYZVJ[cYs�\§�t�Yo[F�Z��tcAdwsGHV�taY|YZ
Æ
XAcYf�F�HI\§�CJLce\^J[F�Z(&�Zu�rZu\^F�l
�C\VJLf�� � !£H^�tcYdAhGlw�Y�tcYd¡ZVhGXAHVf�F�Z
Æ
W6X£�CoLJ[\^�C\^J]EGF~�tcAd¤W6X£�Cc6\VJ[\^�C\^J]EGF~dYJLZIf�XYZIZVJ[hGc¡ht�3HIF�ZVXAo[\^Z��
Æ
aAHVhGabF�H�XYZIF�ht�xf�J]\§�C\VJLhGcAZ
Æ
aAHVF�aY�tHVJ[cYs)�tcwhtH^�to!aAHVF�ZIF�ce\§�@\^JLhtc

" À��£�·� ��À$#uÀ $
v�|YF�ZVF)FNyra�F�HVJ[l;F�c6\VZ�M�JLoLox��F�HIF�EKJLFNMnF�d!�©HVFNÆÃZVF�WKXAF�cYf�F�d/�tcAd�)ChGH�HIF�aYoL�tf�F�d²J[c&dYXYF�f�hGXAHVZVF�\^h7F�cYZVXAHVF
\^|Y�C\�o��t�AZ(&

Æ;HIF&%£F�f�\�\^|YF~f�XAHVHVJ[f�XYo[XYlºhC�x\V|YF~oLF�fN\^XYHIF~ZVF�stl;F�c6\�ht�©\^|AF¬f�hGXYHIZVF('
Æ
�tHIF�f�hGcAZVJLZu\^F�c6\�M�J[\V|7\^|YF~dYFNEGF�o[hGaYl)F�ce\ght�.htXA\^o[JLcYF�d7ZV¯6JLo[oLZn� hGHÇ\V|YJLZ�f�hGXYHVZIF('
Æ;HIF�W6XYJLHIF��tc�F�Í�hGHI\g¥*) !,+-!L�eZVJ y�o��C�YZ��tcYd�M�HVJ]\^FzÆ�XYaYZ�abF�H�\VF�HVl
¦xf�hGl;l)F�cAZVXYHV�C\^FÇM�J]\^|�\^|YF�abhGHu\^JLhtc
ht�©\^|AF¬stH^�tdYF¬�tZIZVJ[sGcYF�d7\Vh;oL�t��MnhtHV¯�¥.) !,+-!L�£it�-/ \Vh)pG�-/�¦NO

¸ hGoLo[h�M�JLcYs�J[Z���oLJLZu\�ht�©\^|YF~FzyAabF�HIJLl)F�ce\^Z�f�XYHVHIF�ce\^o]�¡JLc¡XYZVFCO
SGO�}�ce\^HIhrdAXYf�\VJLhGc7\^h�oL�t�¡F�W6XYJLaAl;F�c6\�}�¥ ` mÈmnJLHVf�XYJ[\VZ��AÊ®|AF��C\VZI\^htcYF��AHVJLdAsGF�¦
irO�}�ce\^HIhrdAXYf�\VJLhGc7\^h�oL�t�¡F�W6XYJLaAl;F�c6\�}I}�¥ \VH^�tcAZVJLF�ce\��tcYd µ m�mnJLHIf�XYJ]\^Z^¦
pAO�É�F�HVJ[¢Yf��C\VJLhGc7ht�3mnhGXYo[hGl��!» Z�o���M
�YOgÅwJ[oLo[JL¯@�tc!» ZnFzyAabF�HIJLl)F�ce\
0 O21�354½� hGH��tc¡F�o[F�fN\^HVhtc
�AOgÅwF��tZVXAHVJLcAs;f��ta£�tf�J[\§�CcYf�F��e�¡f§|£�tHIsGF )@dYJLZIf§|£�tHVstF¬f�XYHIEtF�Z
6 O ¸ HVF�W6XYF�cYfN�eÆ�dYF�a�F�cYdYF�ce\�aAHVhGabF�Hu\^JLF�Z�ht�©\^|YF87$9Tf�J[HVf�XYJ[\
: O�Ä�oLF�f�\VHVhGl;�tsGcYFN\^J[f�JLcYdAXYf�\VJLhGc
; OgkrXAa�F�HVf�htcYdYXYfN\^J[EKJ]\��

!gÀ�<=<¼��ÁKÂA� � ÂY��>�ÂYÁ
v�|YF�HVF�JLZª�IXYZI\�hGcAF &�?A@CB�DFE�GIH-H.JKEML�H-H�N�O-PRQTSUO(VWQTSYX[Z\O(]_^`O(a �6F�dYJ]\^JLhtc
iC�G� 6Mb � : �GaYHIhrdYXAf�F�d
�tcYd)ZVhGo[d
�e��\^|AF ` F�a£�tHu\^l)F�ce\�ht� µ ZI\VHVhGcYhtl$�¡�tcYd U |e�KZVJLf�Z��ªkYÅdc¬O
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� ��ÂY��ÁPÂ � Â����¨� ��Á6ÂY�·À��ªÂ �¼�
SGO�v�|YF�J[cYZI\VHVXYfN\^hGH!ZI|YhGXYo[d~l;F�F�\>M�J[\V|�\^|YF�o[F�f�\VXYHVF�H>ht� U���� kwiC�e�G� �bF�� htHVF�f�oL�tZVZIF�Z>�bF�sGJ[c�\^h�HVF��tf§|
�tc¡XYcAdYF�HIZI\§�CcYdYJLcAs)hC�©\V|YF�sGhe�CoLZÇht��\V|YF�f�hGXAHVZVF¬�tcAd¤|AhÌMÈ\^|AF�o��t�YZÇ�tcYd¡oLF�f�\^XAHVF�Z�M�J[oLobf�hGXYaAoLFtO
¸ HVF�W6XYF�ce\gl;F�F�\^J[cYsGZÇ\V|YHVhGXAsG|YhGXA\�\V|YF�\^F�HVlº\Vh)HIF�\^�tJLc¡f�ht|YF�ZIJLhGc¤JLZ�Zu\^HVhtcYsGo[�
F�cYf�hGXYHV�tsGF�dªO

irO�}Ã�gdYJ[Í�F�HIF�ce\�� HVhtl |YJ[l�)C|AF�HVZIF�o]���3\^|YF¡JLcAZI\^HIXYf�\VhGH�ZV|AhGXYoLdR�to[ZVh&l)F�FN\�M�J[\^|/\V|YF7JLcYZu\^HIXYf�\VhGH�ht�
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