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Math 252 Calculus III: The Jacobian



by: javier



Some Easy Transformations u-substitutions



u-substitutions



∫



∫



5



dx 0



x = 3u



15



3du 0



u-v-substitutions



∫ 2∫



3



dx dy 0



0



x=3u y=2v



u-v-substitutions



∫ 2∫



3



dx dy 0



0



x=3u y=2v



∫ ∫ 6 du dv



u-v-substitutions



∫ 5∫



7



dx dy 0



0



x=4u y=3v



u-v-substitutions



∫ 5∫



7



dx dy 0



0



x=4u y=3v
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? du dv



Some Easy Transformations: u-v-substitutions



compute the warping factor of the area, dA: □ step 1 identify dx, dy, and dA □ step 2 identify the projection of dA, call it dS
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□ step 3 compute the projected area dS 0 1 −1 0
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1 −1



u-v-substitutions



∫ 1∫



1



dx dy 0



0



x=u+v y=u-v



u-v-substitutions



∫ 1∫



1



dx dy 0



0



x=u+v y=u-v



∫ ∫



? du dv



u-v-substitutions



∫ 1∫



1



dx dy 0



0



x=3u+2v y=5u-2v



u-v-substitutions



∫ 1∫



1



dx dy 0



0



x=3u+2v y=5u-2v



∫ ∫



? du dv



u-v-substitutions



∫ 1∫



1



dx dy 0



0



x = r cos(θ) y = r sin(θ)



u-v-substitutions



∫ 1∫



1



dx dy 0



0



x = r cos(θ) y = r sin(θ)



∫ ∫



? dr dθ



u-v-substitutions



∫ 1∫



1



dx dy 0



Jacobian in Action



0



x = r cos(θ) y = r sin(θ)



u-v-substitutions z r



y x



u-v-substitutions



∫ 1∫ 1∫



1



dz dx dy 0



0



0



x = ρ sin ϕ cos θ y = ρ sin ϕ sin θ z = ρ cos ϕ



u-v-substitutions



∫ 1∫ 1∫



1



dz dx dy 0



0



0



x = ρ sin ϕ cos θ y = ρ sin ϕ sin θ z = ρ cos ϕ



∫ ∫ ∫



? dρ dϕ dθ



u-v-substitutions



∫ 1∫ 1∫



1



dz dx dy 0



0



0







x = ρ sin ϕ cos θ y = ρ sin ϕ sin θ z = ρ cos ϕ



∫ ∫ ∫



 cos (θ) sin (ϕ) ρ cos (ϕ) cos (θ) −ρ sin (ϕ) sin (θ)  sin (ϕ) sin (θ) ρ cos (ϕ) sin (θ) ρ cos (θ) sin (ϕ)  cos (ϕ) −ρ sin (ϕ) 0



? dρ dϕ dθ



u-v-substitutions ∫ 1∫ 1∫



1



dz dx dy 0



0



0



x = ρ sin ϕ cos θ y = ρ sin ϕ sin θ z = ρ cos ϕ



∫ ∫ ∫



? dρ dϕ dθ



 cos (θ) sin (ϕ) ρ cos (ϕ) cos (θ) −ρ sin (ϕ) sin (θ)  sin (ϕ) sin (θ) ρ cos (ϕ) sin (θ) ρ cos (θ) sin (ϕ)  cos (ϕ) −ρ sin (ϕ) 0 



( ) ρ2 cos (θ)2 sin (ϕ)3 +ρ2 sin (ϕ)3 sin (θ)2 + ρ2 cos (ϕ) cos (θ)2 sin (ϕ) + ρ2 cos (ϕ) sin (ϕ) sin (θ)2 cos (ϕ)



u-v-substitutions ∫ 1∫ 1∫



1



dz dx dy 0



0



0



x = ρ sin ϕ cos θ y = ρ sin ϕ sin θ z = ρ cos ϕ







∫ ∫ ∫



 cos (θ) sin (ϕ) ρ cos (ϕ) cos (θ) −ρ sin (ϕ) sin (θ)  sin (ϕ) sin (θ) ρ cos (ϕ) sin (θ) ρ cos (θ) sin (ϕ)  cos (ϕ) −ρ sin (ϕ) 0 ρ2 sin (ϕ)



? dρ dϕ dθ



u-v-substitutions ∫ 1∫ 1∫



1



dz dx dy 0



0



0



x = ρ sin ϕ cos θ y = ρ sin ϕ sin θ z = ρ cos ϕ







∫ ∫ ∫



 cos (θ) sin (ϕ) ρ cos (ϕ) cos (θ) −ρ sin (ϕ) sin (θ)  sin (ϕ) sin (θ) ρ cos (ϕ) sin (θ) ρ cos (θ) sin (ϕ)  cos (ϕ) −ρ sin (ϕ) 0 ρ2 sin (ϕ)



Jacobian in SAGE



? dρ dϕ dθ



Its EULER TIME



Its EULER TIME some sick timeless shtuff



Its EULER TIME some sick timeless shtuff



1+



1 1 1 1 1 + + + + + ... 22 32 42 52 62



some sick timeless shtuff



∫ 1∫ 0



1 0



1 dx dy 1 − xy



x=u+v y=u-v



∫ ∫



? du dv 
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