MATH 13 FALL 2004

CALCULUS OF VECTOR-VALUED FUNCTIONS

Example of the multi-dimensional chain rule
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Consider the following situation: w w
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where f(x1, z2) = (mlxg, sin(x1 + z2), 1+"32) g(ty, t2) (t2 +13, 12 — t2)

Let h(t) = (fog)(t). Then h(ty, ) = ((t% F12)(£2 — 12), sin(¢2 + 62 + 12 — 12), e(t?+t3>2+(t?—t3>2)

= (t1 — 13, sin(2¢3), e2t411+2t3).

Compute the matrix of partial derivatives for h:
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On the other hand:
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Df(x)Dg(t) = | cos(x1 +x2) cos(zy + x2) (Qtl 2; )
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it s 2, 2
= cos(2t) cos(2t7) <2t1 2? )
2(t3 + £3)€21+2: (] — 13)e2i T2 o
2t1 (17 — 13) + 21 (t] 4 13) 2t5(t3 — 13) — 2t5(t3 + 13)
= 2t1 cos(2t7) + 2t1 cos(2t3) 2ty cos(2t7) — 2ty cos(2tF)
(481 (83 + 13) + 481 (13 — 13)) €120 (4by (83 + 13) — Alo (13 — 13)) €211 H20
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= | 4ty cos(2t?) 0 = Dh(t).

Sti’ e2t1+2t5 8t§ e2t1+2t5

This verifies the chain rule for f, g, and h.



