
Calculus III Section 1-7: Calculus with Vector Functions

Question 3

Let
u(t) =

〈
t, t2, 1

〉
, v(t) = ⟨cos t, sin t, t⟩ .

Without expanding first, compute at t = 0:

Tasks

1. d

dt

(
u · v

)
,

2. d

dt

(
u× v

)
,

3. d

dt

[
(t2 + 1)v(t)

]
.

State the differentiation rule used in each part.
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Calculus III Section 1-7: Calculus with Vector Functions

Question 3 – Solution

Strategy. Apply the dot-product, cross-product, and scalar–vector product rules before inserting t = 0.

At t = 0,
u = ⟨0, 0, 1⟩ , u′ = ⟨1, 0, 0⟩ , v = ⟨1, 0, 0⟩ , v′ = ⟨0, 1, 1⟩ .

Step 1: Dot product rule

d

dt
(u · v) = u′ · v + u · v′,

d

dt
(u · v)

∣∣∣∣
0

= ⟨1, 0, 0⟩ · ⟨1, 0, 0⟩+ ⟨0, 0, 1⟩ · ⟨0, 1, 1⟩ = 2 .

Step 2: Cross product rule Order matters:

d

dt
(u× v) = u′ × v + u× v′,

d

dt
(u× v)

∣∣∣∣
0

= 0+ ⟨0, 0, 1⟩ × ⟨0, 1, 1⟩ = ⟨−1, 0, 0⟩ .

Step 3: Scalar–vector rule With f(t) = t2 + 1,

(fv)′ = f ′v + fv′ =⇒ (fv)′(0) = 0v(0) + 1v′(0) = ⟨0, 1, 1⟩ .
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