
 

 

Answer on Question #63038 – Math – Abstract Algebra 

Question 

How 2×2 matrix with components A B C D. Transform under SO(2). 

Solution 

If 𝑋 = (
𝐴 𝐵
𝐶 𝐷

), 𝑌 = (
𝐸 𝐹
𝐺 𝐻

), where 𝐴, 𝐵, 𝐶, 𝐷, 𝐸, 𝐹, 𝐺, 𝐻, 𝜆  are real numbers, then 

𝑋 + 𝑌 = (
𝐴 𝐵
𝐶 𝐷

) + (
𝐸 𝐹
𝐺 𝐻

) = (
𝐴 + 𝐸 𝐵 + 𝐹
𝐶 + 𝐺 𝐷 + 𝐻

), 

𝑋 − 𝑌 = (
𝐴 𝐵
𝐶 𝐷

) − (
𝐸 𝐹
𝐺 𝐻

) = (
𝐴 − 𝐸 𝐵 − 𝐹
𝐶 − 𝐺 𝐷 − 𝐻

), 

𝜆𝑋 = 𝜆 (
𝐴 𝐵
𝐶 𝐷

) = (
𝜆𝐴 𝜆𝐵
𝜆𝐶 𝜆𝐷

), 

𝑋−1 = ((
𝐴 𝐵
𝐶 𝐷

))

−1

=
1

𝐴𝐷−𝐵𝐶
(

𝐷 −𝐵
−𝐶 𝐴

), 

𝑋𝑌 = (
𝐴 𝐵
𝐶 𝐷

) (
𝐸 𝐹
𝐺 𝐻

) = (
𝐴𝐸 + 𝐵𝐺 𝐴𝐹 + 𝐵𝐻
𝐶𝐸 + 𝐷𝐺 𝐶𝐹 + 𝐷𝐻

). 

Group SO(n) consists of 2×2 matrices satisfying conditions  

𝑄𝑇𝑄 = 𝑄𝑄𝑇 = 𝐼,  𝑑𝑒𝑡(𝑄) = 1, 

where elements of 𝑄 are real, 𝑄𝑇  is the transpose of 𝑄 and 𝐼 is the identity matrix, 

𝑑𝑒𝑡(𝑄) is the determinant of the matrix 𝑄. 

The group SO(2) consists of matrices of the form 

(
cos 𝑡 − sin 𝑡
sin 𝑡 cos 𝑡

), 

where 𝑡 takes on real values. 

If 𝑋 = (
𝐴 𝐵
𝐶 𝐷

) and 𝑄 = (
cos 𝑡 − sin 𝑡
sin 𝑡 cos 𝑡

), then  

𝑋𝑄 = (
𝐴 𝐵
𝐶 𝐷

) (
cos 𝑡 − sin 𝑡
sin 𝑡 cos 𝑡

) = (
𝐴cos 𝑡 + 𝐵sin𝑡 −𝐴sin𝑡 + 𝐵cos𝑡
𝐶cos𝑡 + 𝐷sin𝑡 −𝐶sin𝑡 + 𝐷cos𝑡

), 

𝑄𝑋 = (
cos𝑡 −sin𝑡
sin𝑡 cos𝑡

) (
𝐴 𝐵
𝐶 𝐷

) = (
𝐴cos𝑡 − 𝐶sin𝑡 𝐵cos𝑡 − 𝐷sin𝑡
𝐴sin𝑡 + 𝐶cos𝑡 𝐵sin𝑡 + 𝐷cos𝑡

). 

Other operations are performed using the general rules of matrix operations. 
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