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Field in the xy plane from a dipole along the z axis
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Fermat's Principle - Reflection
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The rays from the object O are reflected by the mirror.  
The mirror forms a virtual image at I', and the eye forms 
a real image at I.

Reflect1.mcd 2 25/03/99   12:51

þW46>:�+.8*%��� �NOAê+¶�')(+*x4=DE-/>:*�4=@r-��+0=-/@+*%D�4=.1.89:.l465)-HDzbdc¯gjòN¹/¼U46D�-L>:*/vU-/5�7M(N*R.1-�2U5�A+9
@+9L7��_-/515�7M(N.19:�+>/(,71(+*x4=DE-/>:*LO

)�9L7M*�7M(_-L7x71(+*E46D�-L>:*�;I9:.8DE*GAQ46@$-,DE46.1.89:.&4=5R- Dzbdc¯gjòN¹/¼]4=DE-/>:*L¶&7M(_-�7�465�v�7M(+*
.1-z2C5R7M(+*GDE58*�06B/*�5£A+9i@+9L7£�+-/515R7M(+.89:�+>:(�7M(+*�4=DE-/>:*Lv¥9/@+062�71(+*�*¯·C7M*�@N514=9/@+5�9/;�7M(+*
.1-z2C5GO¦')(N4=5�4=5)58(+9z��@i4=@ S >/�+.1*R��� �NOAê+O

��� ��st{



��-���5�v?9/;�K�9:�N.151*Lvm7M*�D��N7¬��*�9:�N0=*l719R�N.1*�-LF£7M(N*�DrOW�a.t7M46587M5Gvm4=@H�_-L.87M46K��+0=-/.�v/*�@��89z2
7M-/F?4=@+>Q0=4=��*�.t7M46*�5H��4671( 7M(N*i0�-���5E9/;%.1*p�_*�Kp7M469:@]O �i-/>:.8467171*/v�46@�*]¹,+�^uº�ce°2Ü ò_»pgJbå°�h
-¯h_g³^pc�Ü/bdgu^pv_51(+9z��5&-��+0=-L7e-/@m71062�46DE��9:58514=�N0=*%.1*p�_*�Kp7M469:@]O)��-/@+*G7�XZ5�.�¹/c�¹/glgd\_^%`�°�¼½bå^e¿
.&^pcjÛC^pcM^e¿R4=5�DE9:.8*�58�+�N7M06*/¶�7M(+*�.8*G�_*GKG7M469:@+5�9L;<71(+*��_-/KeFQ9/;�7M(+*��_-/.1DE-/46A]XZ5£(+*�-LA
-/@NA�7M(+*a;J-LK�*&9/;�71(+*%-/.t7M46587)-L.1*&A+4651�+0=-/K�*GA�7M9H9/@+*&5146A+*/¶W4=@�71(+*�46.�K�9:.8.1*GKG7)��9:51437M469:@+5
71(+*G2���9:�+0=A�(_-�B:*a��*G*�@�46@mBU465146�+0=*LO#/¦-/@� #2CKeFYX­510ac¯h�°�¼ 2¬h_b43�¹/c¯c¯bJ¹�ÛC^pvC9/@E7M(N*�9/71(+*�.
(_-L@+A]v��+51*G5�7M(+*�0=-���5�9/;x.1*p�_*�Kp7M469:@�7M9©>/.1*�-�7,-/ANBL-/@m7e-L>:*/v)7M9�58(+9z� -QK�9:D��+0=*p7M*
46D�-/>/*�@+9L7��8�+587�9L;�7M(+*%9/71(+*�.l514=AN*&9/;�7M(+*a51K�*G@+*x4=@�71(+*%DE-/4=@E�_-/4=@m714=@+>��N�N7)9/;�7u��9
9:@N0=9C9:F/*G.15)@+9/7<9/71(+*�.t��4=58*R58*�*G@]O

�]ê¥ìCò�53ñ�òIî
�6�7�����48Fermat's Principle - Refraction

a

x

d-x

b

θ1

θ2

refract ive index n1

refract ive index n2

l n 1 a
2

x
2. n 2 b

2
d x( )

2.

Fermat.mcd 2 25/03/99   12:48

þW46>:�+.1*&�$�B�NO9�C¶#')(+*£�N.19:�_-L>m-L7M469:@�9/;�-H>:*�@+*G.M-/0]�l-�B:*R�+�+0651*/O
þ_9:.�.1*G;I.1-/KG714=9:@�v]-/5%58(+9z��@�46@ S >:�+.8*H��� �NO:�Uv�71(+*H�_-L71(�0=*G@+>/7M(N5&D��+5t7x4=@+KG9:.1��9:.M-�7M*
71(+*xA+46��*�.8*�@m7<.1*G;I.1-/KG7146B/*%4=@+A+*¯·U*�5�¶

! � Y G J � V#" õ V$" Y V % � V$" n( u	Þõ�| V
A !
A¢õ � Y G õJ � V#" õ V 	 Y V  &	Þõ

% � V;" n( &	 õ�| V� Y G 5146@�n(' G |¯	 Y V 584=@�n&' V |
��� ��s�<



-/@NA,71(+4=5�465)��*�.89E�N.19zBC4=A+*GA Y G 5146@�n(' G |¶� Y V 5146@�n(' V |
��(+4=Ke(r4=5<}U@N*�0åX­5�=�0�-��xO

O

I'

eye

Formation of a virtual image by refraction at an interface
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Mirage effects

COLD -  large refract ive index

HOT -  smal l  refract ive index

Ray passing from more to less optically dense region is 
refracted away from the normal.
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Mirage effects - star positions
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Ray passing from less to more optically dense region is 
refracted away from the normal.
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