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photon waves, velocity=1.  

Want to be in phase.

electron, velocity=β. 

Lag by one photon wavelength over

distance a/θ

angle θ
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V �¥^oZvg�g acYnaxZ�g¦ab�.grX §¨_�f d�m4X�y � axs ��_tg�u
^�� _ \cf©i|m�^ªaxgrmhy

V S _ �lX f�X¬«PZvs�m
^qaxgvgrX�u u+_�� s�m
^­f�X�axw ® ��¯n°n® �b±
² d.abu k³axZ]f a�m Z�s �1´ z � R ¯µ±[y

V ¶ acYtX \K��X�\%·bX�u u[X�moZ�f¸X�u _�k|^oZ�\Hm \�axs �¹X
_��|^qaxZvs�X�u � Zp^q��_td�^ ® ºn» axs[u ® ºn±[y

V W Zvaxw _ts[u[m §¼f�_tw R ¯µ± m
^qZ�g�gxacYnaxZ�g¦ab�.grX�½ ¾ X�f�X¬Ynaxs
{tf¸_td[k \�axs k3f�_�Y[Z]u[X w _�f�X�y

V Z�gvg:_��|^ªaxZ�s m­d3k3k.gji _x§ YtX�f"i ^o�3Zvs u.Z¦axw _ts[u+m
� Z¿^o� gr_�� Xcm�^ kl_nm4moZ]�1grX w _nmqaxZ]\ m­k3f�X�abuÀy



� z ´ O©Á U z S OPM N M Â L M N O"M Q RTS R U
V a�m u+_ts�X �ti m­\�axs3s3Zvs|{ ab\cf�_nm�m ^q��X Ã'»[�Ä���F��Å
Æ _�f Ã=»[�F���Ç«/��Å�ÈÀf4Z]u�{�X k3f�_b}1grX�y

V U a9^oZ�_ _x§3É.d-~ Ã O _ts \K�.axw �lX�fÊ_�fT� ��X�f�X�s3·b_�Y1ÅI^4_
O s�^`Xhs�moZp^Pi ÃË� R ® Å Zrm w aÌ~3Z�w d3w � �+X�s Xhs�X�f/{bi
_x§@w axZvs m­k.Z�·bX k1a�m4m�Xcm ^o�[f�_td|{2� ÍeX�f�_1y

Motor Steps

Ion/SEQ

Ch/SEQ

(0, 2, 2) Ridge Profile
3
Î

2
Ï

1

Motor Steps

Ion/SEQ

Ch/SEQ

(0,  2, -2) Ridge Profile
3
Î

2
Ï

1



R ´ R � S U M N W R Â ´ R � S O"M N S M W Ð Q Ñ
V W XHÉ+X�\¬^oZ�_ts ��i Ò�� u+X�{tf�XcX�m Z�s�^`_ � Q u.d3w k
s�_b^ k3f`ab\K^qZ]\�axg³� Z¿^o� �b» L X)Ó �lX�axw Ã¨� a�m
u+Xcm­Zr{2s�X�u §¨_�f �b» L X)Ó Å¬� axs3u u.d3w k Z�s k¹_-_�f
\)_ts3u.Zp^qZr_ts Zvs axs�i \�a�m�X�y

V Z�gvgIu+XHÉ+X�\¬^ �lX�axw ��i ab�l_td�^ Ô u+X�{tf¸XcXcm
Z�s�m
^`XhabuÕy

V R ~3Zrm
^oZvs|{ w aÖ{2s�XH^4m Á ºnº�« Á ºnÔ � Zvg�g×�lX f�X�§Ød[f"«
�.Zrmo��X�u axs[u X¬~�^­f`a \H_tZ�grm×abu3u+X�u ÃÙa�mÊk¹Xef�_�f�Zr{2Z�s.axg
u+Xcm­Zr{2s³Å�^`_ Zvs[\cf¸X�a�m4X �lXhs[u.Zvs|{ kl_�� X�f ��i ab�¹_td�^
Ú »tÛ y

V ��_tw X m­k1abf�X \H_tZ�grm X¬~3Zrm
^DÆ9m4_tw X s�X)� _ts�XcmÜw d�m
^
�lX � _td3s[uÀy



V R m�^qZ�w a9^`X � � XcX�·2m ^`_ f¸Xhw _�YtX w aÖ{2s�XH^`m §Øf¸_tw
�lX�axw g�Z�s+X��xab�l_td�^ Ô � XcX�·2m ^4_ f�X¬«PZvs�m
^qaxgvgCÃ¨� Z¿^o�
{�_ts3Zr_tw XH^`XefoÅ¬y

V _�f
· _ts Ynab\ed3d3w \K�.axw �lX�f � Z�gvgÝ�lX s�XcX�u+X�uÀy
V Ð m4X _tg]u z «��lXhs[u kl_�� X�fÞmod[k.k.g�Z�X�m � Z¿^o� X¬~�^`Xhs-«
m­ZpYtX f�XH§ßd[f��.Zrmo�3Zvs|{ Ã'd.s[u+X�f u.Zrm­\ed�m4moZr_ts³Å¬y

V Z�gvgÀabu3u YtX�f©i � X�ab· w aÖ{2s�XH^ Z�s §Øf¸_tst^ _x§ Á ºnº
^4_ f¸X�u.d3\)X m�i[s[\K�[f�_b^of¸_ts É.d-~ {�_tZ�s|{ Z�s ^4_
R yÄ�Iy z y



R ´ R � S U M N Á R z Q W Ð Q Ñ
V Ñ f¸_��1ab�1gji d�m4X axg�d3w Zvs�d3w u.d3w k _x§T�1´Õ�
Â Zvs.axg Â _�\ed�m u+Xcm­Zr{2s Ã
Òc»n» à ÅKy

V Z�gvgás�XcXeu s�X)� m
^ªaxs[u+mhy
V Òc»n» · w _�f�X ^q�.axs abu[X ² d1a9^4X�y Q _nm�^ f4d3s3s3Zvs|{
� Zvg�g[�lX �b» · _�f g�Xcm�m ^`_ acYt_tZ]u \cf`ab\ª·�Zvs|{ ^o�+X
u.Zvaxw _ts[u f4abu.Z¦a9^4_�f�mhy



Á R z Q ¶ z W R N W R U
V Q aci �lX d�m4Xeu Z�s R Ò��bâ Z¿§Õ� _�f
·2m � Xhg�g=y
N _b^ Xcm4m4Xhs�^oZ¦axg'y

V O u+X�axgvgji¥��f�Xhw _�YtX�m gr_�� Xhs�X�f¸{bi k.��_b^`_ts�m
�lX�\eaxd+m�X ^4_b^ªaxg \cf�_nm4m m4Xe\¬^qZr_ts Ã5� _tw k|^`_ts k.g�d+m
Ñ axZ]foÅ:gvabf¸{�X�f:^q�.axs §�_�f �3Zr{2��X�fTXhs�X�f/{bi k.�+_b^4_ts�mhy



� M ´Þ´ O¸Q z S M U
V N XcX�u ^o�3Z�\%· ÃË¯µ» fcyãg=yÄÅ ^od.s|{�m
^4Xhs \)_tgvg�Zvw a9^4_�f�m
ab�l_td�^ ân» w §¼f�_tw f`abu.Zva9^`_�f¸mhy

V Z�gvg@�.acYtX ^P� _ §¨_�f R Ò��bâ axs[u R ÒcÔ3Òxä Ò w w
f4abu.Zvd�m axs[u º w w f`abu.Zvd�mhy

V �¥^4XcX�f4Z�s|{ � Z�g�gC�lX u[_ts�X a�m Z�s R ¯µ± � Zp^q�
Ú « ² d.abu3f`axs�^ � R Q m�i|m
^`X�w y M s+X � Z�gvg:axg�f¸X�abu�i
�lX Zvs k.g¦ab\)X §�_�f R Ò��b± � Zp^q� g¦abf/{�X�f _�klXhs3Zvs|{³y

V R Ò��b± w aÖ{2s�XH^ W º � Zvg�g �lX _ts ^4_ u+XHÉ+X�\¬^
\%�1abf/{�X�u k³abf©^qZ]\egrXcm s�_b^ ab�+m4_�f
�¹Xeu
Z�s \)_tgvg�Zvw a9^4_�fcy

V R ~�^­f`a grX�abu � Z�g�g³�lX abu3u+X�u �lXH^P� XcXhs ® Ò axs[u
® Ú ^4_ f`axs|{�X _td|^ �3Z¿{2� Xhs�X�f/{bi w d�_ts�m Ã'w Zvs3Z�«
w d3w u+XHÉ[Xe\¬^qZr_ts axs|{2grX ºn» w foÅ¬y



Á R z Q Q M N OËS M U �
V Ó X�f"i moZ�w Zvgvabf ^4_ R ¯µ± m4XH^od[kÕä m
^ªaxs[u1abf�u
u+X)Y[Z]\HXcm�y

V O _ts \%�1axw �lX�f Ã¨^q�3Z�s � Zvs[u+_�� ^4_ \H_ts�YtX�f©^ §¼f`ab\%«
^oZ�_ts _x§@k.��_b^`_ts�m%Å w X�a�m­d3f¸Xcm k.��_b^`_ts É.d�~�y

V L a�m � ��X�f�Xhs[·b_�Y \H_td3s�^`Xef axg�m�_ w X�a�mod[f¸X É1d-~�y
V Â abf`abu1aci \ed[k �Iy R yÄ® y Zrm a ^`_b^qaxg@k.��_b^`_ts ab��«
m�_�f��lX�fcä w X�a�m­d3f¸Xcm ^`_b^qaxg Z�s�^`Xhs�moZp^Pi2y



�1Ð Q Q z U ¾
V Xhg�g�«�Xcm�^ªab�.gvZrmo��X�u ^`X�\K�3s3Z ² d+X�y ¶ a�m �lXcXhs ÃÙaxs[u
Zrm �lXhZvs|{�Å d�m4X�u a9^ w axs�i g¦ab�+mhy

V U Xhg�Zvab�1grX axs[u m
^ªab�.grX m�i|m
^`X�w ä:s�_b^ YtXef©i m4X�s+m­Zj«
^oZpYtX ^4_ XhgrX�\¬^­f�_ts �¹Xhaxw k1abf4axw XH^`X�f¸mhy

V Q _�u+X�f4a9^`X \)_nm
^�y
V Ñ f¸_�Y[Z�u+Xcm ��i §'abf ^q��X �3Zr{2��Xcm
^ f`a9^4X _x§ ² d.a�moZ�«
w _ts�_�\K�[f¸_tw a9^qZ]\ \cZ�f
\ed3g¦abf�gpi kl_tgvabf4Z¿ÍeX�u k.��_b^`_ts�m
acYxaxZvgvab�.g�X axs�i-� �+Xef�X §¨_�f å æ � L X¬Ó y


