Calculus — Homework 9 (Spring 2026)

1. Simplify.
(a) (3@-b)— (@-2b). (€) @—-Db)-Z+b-(+a).
) @d-@-b)+b-b+a). d) @-(@+20)+(2b—a)-(@+22)—2b-(@+29).

2. Consider vectors in R3.
(a) Find d@,b,¢ # O such that@d-5 = @-¢but b # &,

(b) Show thatif @+ b = ii - & for all unit vectors it (i.e. || @ = 1), then b = &

3. Letd,b € R3.
(a) Show that for all vectors @ and b
N L2 L2
a5 ~[a-7]

-

(b) Show that @ 1 b (i.e. @+ b = 0) iﬂ’Hd’+ EH - “a—bH.
(c) Show that, if @ and b are nonzero vectors such that
@+B)L@-b)  and ”Ez’+b“ - Ha—b“,
then the parallelogram generated by @ and bisa square.

4. Show that

QU

a-5l<af |5

and the equality holds iff @ and b are parallel, i.e. there exists A such that @ = b or b = Ad.

5. Prove the parallelogram law:
Hmﬁ”z + “a-z?“z = 2| @l +2“5”2.

6. Calculate f_; () and f’ ’(¢) for the following vector-valued functions in R3.
(@) f(t)=(1+2t,3—1,cost).
) ) = €'(1,-1,0) + e2(0,1,-1).
© flr)= (% -1,0)-(1,-2,0))(1,0,0).

7. Find lirr(} ﬂt) if it exists. Explain why if the limit does not exist.
1

@ fli)=(+263-1, |—;).

(b) f(H) = €'(1,-1,0) + e (0, 1, -1).

2 sin ¢t 2tﬁ
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8. Let f be a differentiable vector-valued function. Show that if ” ﬂt) H # 0, then

fo-F o

d 7 —
d_t(“f(t)H)_ ”ﬂt)H :

9. Show that || (1) “ is constant iff y(¢) - ¥'(¢) = O for all r.



10. Find the length of the curve ¥(¢) over the given interval.
(@) y(1) = (t, %tm,O), fromt=0tot=8.
(b) ¥(t) = (¢' cost,e'sint,0), fromr=0tor=n.

(¢) ¥(©) = (t,In(sec?),3), fromt=0tor=7%.

(d) Y(t) = (¢sint + cost,sint — tcost, gtz), fromt=0tot=2n.

11. Let
Y(t) = (3 cost, 3sint, 41), t>0.
(a) Let
!
s(f) = f |7 @) || du.
0
Show that s is a one-to-one function for ¢ > 0, and find its inverse function 7(s).
(b) Let ﬁ(s) = ¥(1(s)) be the reparametrization of the curve. Show that
dR |
~ || =

(The parametrization s is called the parametrization by arc length.)

(c) Find the length of the curve
R(s), 0<s<L.
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