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What is a Optical Activity? - Remind

𝜃 = (𝑛𝑅 − 𝑛𝐿)
𝜋𝑙

𝜆

Mirror image

(Chiral center) 

𝜃



Optical Activity of Quartz Crystal

http://www.quartzpage.de/gen_struct.html



Optical Activity

𝜃 = (𝑛𝑅 − 𝑛𝐿)
𝜋𝑙

𝜆

Where does different nR and nL come from?
Only materials having 

chiral center have non-zero c12

 𝜒 =
𝜒11 𝑖𝜒12 0
−𝑖𝜒12 𝜒11 0
0 0 𝜒33

𝑛𝑅 = 1 + 𝜒11 + 𝜒12

𝑛𝐿 = 1 + 𝜒11 − 𝜒12



Optical Activity

 𝜒 =
𝜒11 𝑖𝜒12 0
−𝑖𝜒12 𝜒11 0
0 0 𝜒33

𝑛𝑅 = 1 + 𝜒11 + 𝜒12

𝑛𝐿 = 1 + 𝜒11 − 𝜒12

𝑘 × (𝑘 × 𝐸) +
𝜔2

𝑐2
𝐸 = −

𝜔2

𝑐2
 𝜒𝐸

 −𝑘2𝐸𝑥 +
𝜔2

𝑐2
𝐸𝑥 = −

𝜔2

𝑐2
(𝜒11𝐸𝑥 + 𝑖𝜒12𝐸𝑦

 −𝑘2𝐸𝑦 +
𝜔2

𝑐2
𝐸𝑦 = −

𝜔2

𝑐2
(−𝑖𝜒12𝐸𝑥 + 𝜒11𝐸𝑦

𝜔2

𝑐2
𝐸𝑧 = −

𝜔2

𝑐2
𝜒33𝐸𝑥

2 2
2

11 122 2

2 2
2

12 112 2

(1 )

0

(1 )

k i
c c

i k
c c

 
c c

 
c c

  



   



Optical Activity

 𝜒 =
𝜒11 𝑖𝜒12 0
−𝑖𝜒12 𝜒11 0
0 0 𝜒33

𝑛𝑅 = 1 + 𝜒11 + 𝜒12

𝑛𝐿 = 1 + 𝜒11 − 𝜒12

𝑘 × (𝑘 × 𝐸) +
𝜔2

𝑐2
𝐸 = −

𝜔2

𝑐2
 𝜒𝐸

 −𝑘2𝐸𝑥 +
𝜔2

𝑐2
𝐸𝑥 = −

𝜔2

𝑐2
(𝜒11𝐸𝑥 + 𝑖𝜒12𝐸𝑦

 −𝑘2𝐸𝑦 +
𝜔2

𝑐2
𝐸𝑦 = −

𝜔2

𝑐2
(−𝑖𝜒12𝐸𝑥 + 𝜒11𝐸𝑦

𝜔2

𝑐2
𝐸𝑧 = −

𝜔2

𝑐2
𝜒33𝐸𝑥
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𝑘 =
𝜔

𝑐
1 + 𝜒11 ± 𝜒12

𝐸𝑥 = ±𝑖𝐸𝑦



Optical Activity



Birefringence

 𝜒 =

𝜒11 0 0
0 𝜒22 0
0 0 𝜒33

𝑘 =
𝜔

𝑐
1 + 𝜒11

𝑘 =
𝜔

𝑐
1 + 𝜒22

−𝑘2𝐸𝑥 +
𝜔2

𝑐2
𝐸𝑥 = −

𝜔2

𝑐2
𝜒11𝐸𝑥

−𝑘2𝐸𝑦 +
𝜔2

𝑐2
𝐸𝑦 = −

𝜔2

𝑐2
𝜒22𝐸𝑦

𝜔2

𝑐2
𝐸𝑧 = −

𝜔2

𝑐2
𝜒33𝐸𝑥



𝑒𝑖𝜙𝑥 0
0 𝑒𝑖𝜙𝑦

𝑒𝑖𝜙𝑥cos2𝜃 + 𝑒𝑖𝜙𝑦sin2𝜃  𝑒𝑖𝜙𝑥 − 𝑒𝑖𝜙𝑦)cos𝜃sin𝜃

 𝑒𝑖𝜙𝑥 − 𝑒𝑖𝜙𝑦)cos𝜃sin𝜃 𝑒𝑖𝜙𝑥sin2𝜃 + 𝑒𝑖𝜙𝑦cos2𝜃

cos2𝜃 − 𝑖sin2𝜃 (−1 + 𝑖)cos𝜃sin𝜃

(1 + 𝑖)cos𝜃sin𝜃 )±(−sin2𝜃 + 𝑖cos2𝜃

cos2𝜃 sin2𝜃
sin2𝜃 −cos𝜃

Birefringence

Jones Matrix for birefringent material

under all rotation

for fx - fy = Pi/2

for fx - fy = Pi/4

1 ±𝑖
±𝑖 1



Length dependence of Birefringence and Optical Activity

𝑒𝑖𝜙𝑥cos2𝜃 + 𝑒𝑖𝜙𝑦sin2𝜃  𝑒𝑖𝜙𝑥 − 𝑒𝑖𝜙𝑦)cos𝜃sin𝜃

 𝑒𝑖𝜙𝑥 − 𝑒𝑖𝜙𝑦)cos𝜃sin𝜃 𝑒𝑖𝜙𝑥sin2𝜃 + 𝑒𝑖𝜙𝑦cos2𝜃

1
0

=
𝑒𝑖𝜙𝑥cos2𝜃 + 𝑒𝑖𝜙𝑦sin2𝜃
 𝑒𝑖𝜙𝑥 − 𝑒𝑖𝜙𝑦)cos𝜃sin𝜃

= 𝑒𝑖𝜙𝑥
cos2𝜃 + 𝑒  𝑖(𝜙𝑦−𝜙𝑥 sin2𝜃

 1 − 𝑒  𝑖(𝜙𝑦−𝜙𝑥 )cos𝜃sin𝜃



Length dependence of Birefringence and Optical Activity

𝜙𝑦 − 𝜙𝑥 = 𝑘𝑑𝛥𝑛

𝑒𝑖𝜙𝑥cos2𝜃 + 𝑒𝑖𝜙𝑦sin2𝜃  𝑒𝑖𝜙𝑥 − 𝑒𝑖𝜙𝑦)cos𝜃sin𝜃

 𝑒𝑖𝜙𝑥 − 𝑒𝑖𝜙𝑦)cos𝜃sin𝜃 𝑒𝑖𝜙𝑥sin2𝜃 + 𝑒𝑖𝜙𝑦cos2𝜃

1
0

=
𝑒𝑖𝜙𝑥cos2𝜃 + 𝑒𝑖𝜙𝑦sin2𝜃

 𝑒𝑖𝜙𝑥 − 𝑒𝑖𝜙𝑦)cos𝜃sin𝜃

= 𝑒𝑖𝜙𝑥
cos2𝜃 + (cos(𝑘𝑑𝛥𝑛) + 𝑖sin(𝑘𝑑𝛥𝑛))sin2𝜃

(1 − (cos(𝑘𝑑𝛥𝑛) + 𝑖sin(𝑘𝑑𝛥𝑛)))cos𝜃sin𝜃

 = 𝑒𝑖𝜙𝑥(
cos2𝜃 + (cos(𝑘𝑑𝛥𝑛))sin2𝜃
(1 − cos(𝑘𝑑𝛥𝑛))cos𝜃sin𝜃

+ 𝑖𝑒𝑖𝜙𝑥
sin(𝑘𝑑𝛥𝑛)sin2𝜃

−sin(𝑘𝑑𝛥𝑛)cos𝜃sin𝜃

 = 𝑒𝑖𝜙𝑥(
cos2𝜃 + (cos(𝑘𝑑𝛥𝑛))sin2𝜃
(1 − cos(𝑘𝑑𝛥𝑛))cos𝜃sin𝜃

+ 𝑖sin(𝑘𝑑𝛥𝑛)sin𝜃𝑒𝑖𝜙𝑥
sin𝜃
−cos𝜃



Length dependence of Birefringence and Optical Activity

𝜃 = (𝑛𝑅 − 𝑛𝐿)
𝜋𝑙

𝜆

1
0

=
1

2
1
−𝑖

+
1

2
1
𝑖

1

2
1
−𝑖

𝑒𝑖𝑘𝑅𝑙 +
1

2
1
𝑖
𝑒𝑖𝑘𝐿𝑙

 
1

2
𝑒𝑖(𝑘𝑅+𝑘𝐿)  𝑙 2(

1
−𝑖

𝑒𝑖(𝑘𝑅−𝑘𝐿)  𝑙 2 +
1
𝑖
𝑒−𝑖(𝑘𝑅−𝑘𝐿)  𝑙 2

 =
1

2
𝑒𝑖(𝑘𝑅+𝑘𝐿)  𝑙 2(

1
−𝑖

𝑒𝑖𝜃 +
1
𝑖
𝑒−𝑖𝜃

= 𝑒𝑖(𝑘𝑅+𝑘𝐿)  𝑙 2
1

2

𝑒𝑖𝜃 + 𝑒−𝑖𝜃

 𝑖(𝑒𝑖𝜃 − 𝑒−𝑖𝜃

= 𝑒𝑖(𝑘𝑅+𝑘𝐿)  𝑙 2
1

2
cos𝜃
sin𝜃



Optical Activity from Achiral Components?

.



Gibbs’s suggestion







Measurement of Optical Activity in Achiral Crystal



Measurement of Optical Activity in Achiral Crystal



Measurement of Optical Activity in Achiral Crystal


