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G#HJI�KLHNMOIQP RSRSRSRSRSRSRSRSRSRSRSRTRURTRURTRURTRURTRSRSRSRSRSRSRSRSRSRSRSRTRURWV
X KYI�KYI[Z]\^M`_YMbacI[_dRSRSRSRSRSRSRSRSRSRSRTRURTRURTRURTRURTRSRSRSRSRSRSRSRSRSRSRSRTRURWV
e I[fgI[hDi^I[hjalk[mJ\^KL_YI�_ RSRSRSRSRSRSRSRTRURTRURTRURTRURTRSRSRSRSRSRSRSRSRSRSRSRTRURon
pNaY\^i^I[hjalmJ\DaYk[mJq%I[_ RSRSRSRSRSRSRSRTRURTRURTRURTRURTRSRSRSRSRSRSRSRSRSRSRSRTRURon
rs\^KLKYMOk�\^tO\Dq RSRSRSRSRSRSRSRSRSRSRTRURTRURTRURTRURTRSRSRSRSRSRSRSRSRSRSRSRTRURvu
p8\^w9wJI[_xacI[i�yzI|{Nac_ RSRSRSRSRSRSRSRSRTRURTRURTRURTRURTRSRSRSRSRSRSRSRSRSRSRSRTRURvu
} mFacI[_~aYm�aY�^I���h^_LaYKY\^kQacmJK RSRSRSRSRSRTRURTRURTRURTRURTRSRSRSRSRSRSRSRSRSRSRSRTRUR��

�U�s���^�l�����
y~�^I�MOhD_LacKL\^k�aYmJKY_�m9��ac�DI%tO�9�gmJKc�FaYmJKL��fgmJKLaYMOmJh�m9� X2� � p(n9u9�J� I[hC�Lm���_LmJq%I��F\DacmJhDmJq0��M`h��^m�PWac�DI
t��F��MO_�k�mJh^i^\Dk�acI�i?���^\Da&Mba&MO_'ac�^I
M`h^_LaYKY\^kQacmJK#m9�2ac�^I
t`I[k�aY\^KYI0f�mJKxacM`mJh�m9�2ac�DI)k[mJ\DKY_YIF���^I[KLI��F��aYI[K�ac�DI
� t`I[k�aY\^KYI�KY�^�2P �^m�MO_�KYI�_YfgmJh^_LMO�^t`I �¡mJK
ac�^I¢m�HJI�Kc�9t`t~k[mJ\^KL_YIF�~�9_Y_LMOwJhD_�£^h¤�9t~wJKY�9i^I[_
aYm�aY�^I¢_Lac\Di^I[hjac_��
�9h^i�MO_4�L\^i^wJI�i��j�¥_Lac\Di^I[hja&IQH9�FtO\¤�FaYMOmJhD_[R~y~�^I�KYI��¡m9KYI9�gac�^I�t��9�¥MOhD_LacKL\^k�aYmJK�¦¡_¨§ h^I[I�i(acm�k[mJh^_L\^t`a'P M`aY�
ac�DI
tOI[kQac\^KLI[K�M`h��^m�P©aY�^I)tO�9��MO_lk[mJh^iD\^k�aYI[i?�ª�9h^i�P �^I�KYI)aY�^I[KLI
MO_�i^M`_c�9w9KYI[I�q�I�hja��«aY�^I)HNMOI�P©m9�2ac�DI
tOI�k�aY\^KYI�K'_L�¤�9t`t?f^KYIQHF�9MOt¬R

y~�^If^KYM`q®�FKL�T�9MOq m9�3ac�^It��F��mJKY�Facm9KYMOI�_®M`_®acm¯i^IQHJI[t`mJf°ac�^I_Y±]M`tOtO_ �9h^i²acmNmJtO_®h^I[k�I[_Y_Y�9KL�²�¡m9K
IQ{8fgI[KLMOq%I[hja¨�9t�f^�j�N_YM`k[_[R�pNI[k[m9h^i¤�9Kx�/�9M`q�_3MOh^k�tO\^iDI�KLI[MOh8�¡mJKYk�MOh^w�f^�j�8_LMOk[�9tsk�mJh^k[I�fDac_
M`hjacKYmNi^\^k�I[i/M`h
ac�DI(tOI�k�aY\^KYI�_[�'�9h^i³t`I��9KLh^MOhDw´�^m�Pµacm´k[mJq%q)\^hDMOk��CacI¥KYI[_L\^t`aY_®M`h³�1_Lk[MOI�hjacM`£^k��9t`t`�/q%I��9hDMOh^w9�¡\Dtl�Fh^i
\^_LI��¡\^tA�¶�9_L�^MOmJh«R

· _�q0\^k¨��9_#M`_#f^KY�9k�aYMOk[�9t¸�¹t��F�^_��9KLI)i^I�_YMOw9h^I[i��Fh^i�_YI�ZN\DI[h^k�I[i�_Ym®aY�¤�Fa#aY�^I)f^�j�N_YM`k��9tzk[mJhDk[I[f8ac_
�9KLI3KLI�HNMOIQPsI�i(M`h ac�^I�tOI�k�aY\^KYI�_l�gI��¡mJKLI�ac�^IQ�¥�9KYI&\D_YI[i�MOhºac�DI3tO�9�?R

» KYmJq¼acM`q�I%acm�acM`q�IF��MOh^_xacKL\^k�aYmJKY_
q����´P M`_Y�/acm�i^IQHJI�tOmJf¯h^IQP½I|{DfgI[KLMOq%I[hjac_)aYmI[h^�¤�Fh^k[Iºac�DI
_LaY\^i^I�h]aY_[¾8I[i^\^k[�FacM`mJh?�N_Y±]MOt`t¹_YI�aY_[�8t��9�%IQ{8fgI[KYM`I[h^k�I9�8I�ackFR · hj��h^I�P°I|{DfgI[KLMOq%I[hjac_¿_Y�^m9\^tOi���I'KYIQH8M`I�P¿I[i
�9h^i(�9f^f^KLm�HJI[i��j�¢ac�DI
rs\^KLKYMOk�\^tO\Dq-rsmJq�q%M`aLacI�I9�¤MOh¥k[m9h^_Y\^tba¨�FaYMOmJh¢P M`aY��aY�^I0t`I[k�aY\^KYI�K[�¹ac�^I3f^�j�N_YM`k[_
acI�k¨�^h^M`k[M��Fh?�¤�9h^i¢ac�DI3M`h^_LaYKY\^kQacmJKL_'�9_Y_LMOwJh^I�i¥aYm�m9ac�^I�K t��9�º_LI[k�aYMOmJhD_l�gI��¡mJKLI&��I�MOh^w�M`q�f^t`I[q%I[hjacI�i?R

À �¤�ª�¤��Á'Â&��Ã^�ÅÄ^��Ã
pNaY\^i^I[hjaY_)q)\^_xa0�gI�I�h^KYm9tOtOI�i´M`h X2� � p�nFuJ�J� ¦¡Æ�M`�^Kc�CacMOm9h^_[�AÇ1��H9I[_��2�9h^i/G�fDaYMOk�_¨§QRºy~�]\^_��4_YI�I®ac�DI
f^KLI[KYI�Z]\^MO_LMO_LaYI[_'_YI�k�acM`mJh^_~�¡mJKÈaY�^MO_~k�mJ\^KY_LI9R

http://www.ap.smu.ca/~dclarke/smuap_curriculum/documents/PHYS2300.pdf
http://www.ap.smu.ca/~dclarke/smuap_curriculum/documents/PHYS2300.pdf


n ���������
	�����������

� ���0�����&���sÄ����¿Â��¤ÃD��Ã
X2� � p�nF�J�J��� ��tOI�k�acKLMOk�M`a��º�Fh^i ���9wJh^IQacMO_Lq t��F��mJKY�Facm9KL�
�4HJI[h�aY�^mJ\^w9��ac�DI0tOI�k�aY\^KYI�f�mJKxacM`mJh X2�~� p¥nF�j�J� i^mNI[_#hDm9a#iDI[fgI[h^i�\^fgmJh¥ac�^I�tOI[kQac\^KLI�fgmJKxacMOm9h
m9� X��~� pn9uJ�9�D�?ac�^I
tO�9��fgmJKLaYMOmJh�i^mNI[_�R)��h^i^I�I[i?��ac�DI
t��9��fgmJKLaYMOmJh�mF� X2�~� p�nF�j�J� M`_�acKYI[�FacI�i
�9_l�%i^M`KYI�k�a'�¡mJtOt`m P"!ÅmJh acm�ac�DI0t��F�¥fgmJKxacMOm9h¥mF� X2� � p�n9uJ�J�8�¹�9h^i(M`_ m9��acI�h�a¨�F\^wJ�ja'�]�¢aY�^I�_Y�9q%I
MOh^_xacKL\^k�aYmJK[R G��]HNM`mJ\^_Ytb�J��ac�DI�_L\^�N�LI�k�a4q��FaYI[KYMO�9tCm9�8aY�^I2t��9��k¨�¤�Fh^wJI[_ªMOh X2�~� p0nC�j�J�����[�D\Da�ac�^I2t��F�
acI�k¨�^h^MOZ]\^I�_[��\^_YI3m9�4k�mJq%f^\DacI�K'�9h¤�9tb�8_LMO_��¤I[KYKLmJK f^KYm9f¤�9wj�FaYMOmJh«�¹�9h^i¢ac�^I3_La��NtOI3m9�z�¡mJKYq��9t?KLI[fgmJKLaY_
�9h^i�f^KLI[_YI�hja¨�FaYMOmJh^_�_Y�DmJ\^tOi��gI~k[mJhD_YMO_xacI�h]a¿MOh
�gm9aY�%_LI[k�mJh^i��9I��9K2tO�9�
k[mJ\DKY_YI�_[R2y~�^I�KYI��¡m9KYI9�]Mb�ga�P¿m
i^M$#�I[KLI[hja�MOhD_LacKL\^k�aYmJKY_��FKYI��9_L_YMOw9h^I[i�acm aY�^I�t��9�(k[mJq%f�m9h^I[hjac_�m9� X2� � pn9uJ�J�º�9hDi1nC�j�J�D�«aY�^I��
_Y�^m9\^tOi�i^MO_Lk[\^_L_���IQ�¡mJKYI�ac�DI��¶�9t`t?acI[KLqµ��I�wJMOh^_l��k�mJq%q�mJh¥wJKY�9i^MOhDw�_Lk¨�^I[q%I9��t��9�¥f^KYmFacmNk[mJt¬���Fh^i
_Y±]MOt`tO_saYm��gI&_LaYKYI�_Y_YI�i�MOhºaY�^I�_YI[k�mJh^i¥�JI��FK'tO�9�gmJKc�FaYmJKL�9R

%~Ä^Â��&�&�sÄ �TÂlÄ'���)( ��Ã
pNaY\^i^I[hjaY_lk�mJq�fDtOI�aYMOh^w)aY�^I�_YI�k[mJh^i¥�JI[�9K t��9�¢_Y�DmJ\^tOi¢�gI[wJM`hºacm�q®�F_LacI�KÈac�^I��¡mJt`tOm�P MOh^w�_Y±]MOt`tO_+*
VJR'�
q%I�ac�Dm8i^M`k��9t¬�D_x�8_xacI�q®�FaYMOk��9fDf^KYmj�Fk¨�¥aYm%wJ�Fac�^I�KYM`h^w�i¤�Fa¨�
n8R~�¶�9q%MOt`M��9KLM`a��)P Mbac�¢i¤�Fac���9h¤�9tb�8_LMO_ÈaYm8mJt`_,*

!®k¨�Dm8mJ_LMOh^w�HF�9KYMO�9�^t`I#Z]\¤�9hjacMbacM`I[_ KYI[�9_YmJh^�9�^t`�
!®M`hjacI[KLf^KYIQa¨�FaYMOmJh¢m9�z_LaYKc�9M`wJ�ja tOM`h^I[_3¦ � k[mJhjH9I[KLa'ac�DI�aY�^I[m9KL� aYm��9mJ\^K _Yt`mJfgI[�]§
!®fDKYmJf¤�Fwj�FacM`mJhºm9� \^h^k[I�KLac�9MOhjacM`I[_3¦¡\^_YM`h^w�f¤�9KLaYM��9t-!�i^M.#«I�KYI�h]aYM��9tgq%I�ac�Dm8i¹§
!®I�tOI�q�I�h]ac�9KL� _La¨�CacMO_xacM`k[_3¦¬��H9I[Kc�FwJI[_c§
!®\D_YI3m9� k�mJq%f^\DacI�K _Ym9��a�Ps�9KYI&aYm%�¶�9k�MOt`M`a¨�CacIl�9h¤�9tb�8_LMO_

uDR _Y�F�¡I3�9h^i¢I+#�I[kQacM`H9I�\D_YI3m9� �^�9_YM`k&IQ{8f�I�KYM`q�I�h]ac�9tAI[Z]\^M`f^q%I[hja
!®k�MOKLk[\^Mba �^\^MOt`i^MOhDw
!®q0\^t`aYMOq%I�acI�K~�9h^i¢mJ_Lk[M`tOtOm9_Yk[m9f�I&f^KLm9£¤k�MOI[hDk��
!®t`I[h^_0/FmJfDaYMOk[�9t.!Åk[mJq%f�m9h^I[hja~�¤�Fh^i^tOM`h^w
!�H9I[KLh^MOI�Klf^KLm9£¤k�MOI[hDk��
!®\D_YI[K�¾ _lq®�FhN\^�9tO_

�^R k�mJq�q0\^h^MOk[�FacI#_Yk[M`I[hjacMb£¤k�KYI�_Y\^tbac_[�¤M`h^k[t`\^i^M`h^w'*
!®_LI��9KLk¨���¡mJK �Fh^i�\D_YI3KYI[_L\^t`aY_~�¡KYmJq ac�^I�tOMbacI�Kc�FaY\^KYI
!®_L\^k[k�MOh^kQa��¹k[t`I��9K~fDKYmJ_LI®¦¡MOq%f�I�KY_LmJh¤�9t�§¿MOh P KLM`aYaYI[h¥KYI�f�mJKxac_
! �Fh¤�9t`�]aYMOk��Ft?IQ{8f^KLI[_Y_LMOmJh
!®I|{8f�I�KYMOq%I[hjac�9tAq�IQac�^mNi^mJt`mJw9�
!®KLI[f^KLI[_LI[hjacM`h^w®i¤�Ca¨�
\^_YM`h^w�a¨�9�^t`I[_ �9hDi�wJKY�9f^�^_

http://www.ap.smu.ca/~dclarke/smuap_curriculum/documents/PHYS2400L.pdf
http://www.ap.smu.ca/~dclarke/smuap_curriculum/documents/PHYS2400.pdf
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!®\Dh^k[I�KLa¨�FMOhjacM`I[_,*2_x�8_xacI�q®�FaYMOk�� � !¤Kc�9h^iDmJq��^�9h^i¢_YmJ\DKYk[I�_
!®Z]\¤�FtOM`ac�FacMbHJI��9hDi¥Z]\¤�Fh]aYM`ac�FacMbHJI�i^MO_Lk[\^_L_YM`mJh¢m9�4KLI[_Y\Dt`ac_��
!®fDKYmJfgI[K \^_LI�m9�zk[Mba¨�FaYMOmJhD_
!®fDKYI[f^�9KYM`h^w%�9h�m9Kc�9t?fDKYI[_LI[hja¨�CacMOm9h

" Â��¤�¹� ��Â$#xÂ (
y~�^I�_YI%IQ{8f�I�KYM`q�I�h]aY_&P MOtOtz��I
KLI�HNMOIQPsI�i?�ªKYI !Å_YI�ZN\DI[h^k�I[i/�9hDi /FmJK&KLI[f^tO�9k[I�i´M`h�i^\^I�k[mJ\DKY_YI�acmºI�h^_Y\DKYI
ac�^�Fa t��9�D_,*
!�KLI&%¤I�k�a'ac�^I�k[\DKYKYM`k[\^t`\^q½mF�zaY�^I�tOI[kQac\^KLI�_YI[w9q�I�h]a'm9�ªac�DI3k�mJ\^KL_YI('
!®�9KLI&k[mJhD_YMO_xacI�h]a'P M`aY�ºac�^I�i^IQHJI[t`mJf^q%I[hjalm9� m9\Dact`MOh^I�iº_Y±]MOt`tO_s�¡mJKÈaY�^MO_ k�mJ\^KY_LI('
!�KLI[Z]\^MOKLI �9h�I+#�mJKLal¦*) !,+-!O�j_YM {
t��F�^_2�9h^i
P KYMbacI !�\^f^_�fgI[K�aYI[KYq®§zk�mJq�q%I[hD_Y\^KY�FacIÈP Mbac�
ac�^I~fgmJKxacMOm9h
m9�ªac�DI3w9Kc�9i^I3�9_L_YM`wJh^I[iºaYm�tO�9� Psm9KY±�¦.) !,+-!O�¤n9�-/ aYm%uJ�-/�§QR

» mJtOt`m�P MOh^w)M`_ �
tOMO_xa~m9�ªac�^I�I|{DfgI[KLMOq%I[hjac_ k�\^KYKLI[hjactb�¢MOh¢\^_YIFR
VJR » mJKLk[I[i«�¤i¤�9q%f�I�i¥m9_Yk[M`tOtO�FacmJK
n8RlrsmJ\Df^tOI�i�mJ_Lk[M`tOt��CacmJKL_&¦.) !,+-!O�8Ç°MOtO�gI[Kx�¡mJKYk�I�fgI[h^i^\DtO\^q®§
uDR10 I��¡KY�9k�aYMOmJh?�DKYI&%^I[k�aYMOmJh¥�9hDi�i^M`_YfgI[KL_YMOm9h
�^R32&I[mJq%I�aYKYM`k�mJfDaYMOk[_��Dac�DMOh¢tOI�h^_YI�_
4 R X mJt��9KLMO_Y�FacM`mJhº�9h^i¥fgmJt��9KLMOq%I�aYKL�
5 R ��hjacI�KL�¡I�KYmJq%I�aYKL�
6 R17sKY�9wJw�_YfgI[kQacKLmJq�IQacI�K[�¤q%MOk[KLm�PÈ��HJI�k�KL�N_Lac�9tOt`mJwJKc�Ff^�j�
8 R » �9KY�9i¤��� I #«I�k�a
9 R ��hjacI�KL�¡I�KYI[hDk[I0mF� t`MOwJ�ja �9hDi } I�P~aYmJh?¾ _lKLMOh^wJ_
V��DR » Kc�F\^I[h^�Dm9�¡I[K~i^M.#«KY�9k�aYMOmJh

%lÂ;:<:¿��ÃNÄD� � Ä^��= Ä^Ã
y~�^I�KYI'MO_«�L\^_La�mJhDI *�>@?BA�CEDFHG-G.IJDLK�G-G;M�N-OQPSRTN(UVPSRXWZY[N(\�]^N(_ �]I[i^MbacMOm9h®nF�J� 6L` � 8 �Jf^KLm8i^\Dk[I[i®�9h^i%_YmJt`i
�j� ac�DI e I�f¤�9Kxacq%I[hja'm9� · _LaYKYmJh^m9q0�¢�9h^i X �j�N_YMOk�_[�«p'�ba3R
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� ��Ä^��ÃSÄ�� Ä����©� ��Ã]Ä^�¹Â��«Ä��¿�
VJR y~�^I2M`h^_LaYKY\^kQacmJK?_L�^mJ\^t`i�q�I�I�aAP M`aY��ac�^I2t`I[k�aY\^KYI�KAm9� X2� � p�n9uJ�J� �gI��¡m9KYI�k[tO�9_Y_LI[_A�gI[wJM`h&acm~KYI[�9k¨�
�9h¢\^hDi^I[KL_La¨�Fh^i^MOhDw%mF�ªaY�^I&wJmj�FtO_Èm9��aY�^I&k[mJ\DKY_YI3�9hDi¥�Dm P ac�DI&t��9�^_È�9h^i¢tOI�k�ac\DKYI[_~P M`tOtgk[mJ\^fDtOI9R
» KYI�Z]\^I[hjalq�I�I�acM`h^wJ_ÈaY�^KYmJ\DwJ�^mJ\Da~aY�^I&acI�KYq½aYm%KLI�ac�9MOh¢k[m9�^I[_LMOmJh¥MO_~_xacKYm9h^wJt`�®I[h^k�mJ\^KY�9wJI[i«R

n8R �Å�li^M$#�I[KLI[hja
�¡KYm9q��^M`q�/F�DI[KY_LI[tb���4ac�^I¢MOhD_LacKL\^k�aYmJK
_Y�DmJ\^tOiU�9t`_Ym�q%I[IQa
P M`ac�/aY�^IºMOh^_xacKL\^k�aYmJK
m9�
X2� � p�nC�j�J��� ¦�ac�^I�tO�9�´fgmJKxacMOm9h�mF� X2� � p�nF�J�J� �&��tOI[kQacKLMOk[Mba���9h^i �(�9w9h^I�aYMO_Yq®§���IQ�¡mJKYI�ac�DI
�¶�9t`tÈacI�KYq ��I�wJMOhD_%aYm �9t`MOwJh/ac�DI�a�P¿m _YI�k[mJh^i³�9I��9K�t��9�D_�_Lm1ac�¤�Ca ��k[mJq%q�m9hStO�9�SfDKYm9aYm8k�mJt¸�
wJKY�9i^M`h^w
_Yk¨�^I�q�IF�g�9h^i¥IQ{8f�I�k�ac�FacM`mJh^_ k��9h¥�gI3KLI��9k¨�DI[i(�gI��¡m9KYI�ac�DI3tO�9�^_~�gI[wJM`h?R

uDR y~�^I�tO�9��MOhD_LacKL\^k�aYmJK&_Y�DmJ\^tOi�q%I[IQa&�¡KYI�ZN\DI[hjactb�U¦.) !,+-!O�«P¿I[I�±]t`�D§#P M`ac��aY�^I
f^�j�N_YMOk�_&acI[k¨�Dh^MOk�M��9h?�
P �^m¢P MOt`t �gI%�9hMOq%f�mJKxa¨�9hja&KLI[_LmJ\^KYk�I%�¡m9K�ac�^I�t��F�?�?h^m9a3mJhDt`��M`h_YI�aLacM`h^w¢\^f�aY�^I�I[Z]\^M`f^q�I�hja
�9hDiS±FI[I[fDMOh^w´M`a
M`hSwJmNmNi/KYI[f^�9MOK��¿�^\8a®�FtO_YmmJhUi^I�_YMOw9h^MOh^w�aY�^I�tO�9�^_���P �¤�Ca�fD�]�N_LMOk[_�k��9hU�gI
wJt`I��9hDI[iº�¡KYmJq ac�^I�tO�9�^_[�¹�Fh^i¢I+#�I[k�aYM`H9I0�9hDi�_Y�F�¡I�\^_YI�m9�ªac�^I�tO�9�¥�9h^i¢M`aY_'k�mJq%f�mJhDI[hjac_�R
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