Box-Muller Transformation for Drawing N(0,1) Random Variables
Let U; and U, be independent uniform(0,1) random variables. Then

Xy = V/—2InU cos(2nUs)
X1 = \/—QInUlsin(Qng)

are independent N (0, 1) random variables!

This is a standard transformation problem. Let fy, p,(u1,u2) be the joint pdf for U;
and U and let z1 = g1(uq,uz) and xo = go(uq, us).
Then the joint pdf for X; and X, is given by

Ix1,5, (71, 22) = fUl,Uz(gfl(l‘b332),92_1(3017372)) -|J|

where J is the Jacobian of the transformation given by
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where u; = g7 (21, 72) and uy = g5 (1, T2).

Inverting the above transformations, we have
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Then the Jacobian is
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The determinant is
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Finally, since the joint pdf for U1 and Ug is fUl,Ug (Ul, ’U,Q) =1- 1(0,1)(111)[(0’1)(’11,2), we
get
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which factors into two standard normal pdfs! Cool!
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