Quiz 10 solution.

Problem. Letr(t) =
(a) x'(t)

(b) v (1)

For t =1 find:

(c) @

(d) a

(e) T

(f) ds/dt

(g) d?s/dt?

(h) ar

(i) ar

() an

(k) dn

(1) K

where:

v = wvelocity

a = acceleration

s = distance along curve

T = unit tangent

ar = projection of @ onto T
N = unit normal

an = projection of @ onto N

Basic identities.
a=dr + aNN i.e.
a= aTT + aNN i.e.

a= dt2T+( )KN

ds
lv| = &, ar = dtz,andK Tk
Solution.

Raw derivatives.

(a) r'(t) = (3,4t) = 3i + 4t]

(b) v (t) = (0,4) = 4j
(c) T=r'(1)=(3,4) =3i+4j
(d) @=r"(1) = (0,4) = 4j

(3t,2t?). Find:

First-derivative stuff.

(e) || =VB+42 =5 o
Sol=1h=3B34)=3i+3]

(f) Gle=1 = 7] =>5.
or compute directly using:
G = (1) = /3 + (41)2,
which equals 5 when t = 1.

Second-derivative tangential stuff.

2 N ~
(g) % =ar=a-T= (074) : %(354) =
or compute directly using:
i@(t) - 4t
dt dt 3@z’
which equals 1—56 when t = 1.
(h) ar =45 =10
as computed in part (g).
(i) dr = arT = (£)((3,4) = £(3.4) =

16

5

Second-derivative perpendicular stuff.

(ﬁ

257 257"

3)

() a} = |a]* —af = 4 — (3§)?5> = £~ I =
4252 4242 _ 42532 So ay = 4 Q
Or Just do part (k) and use aN = \aN|
(k) dy =d—dr = (0,4) — %(48 64)
= %(748, 100 — 64) = 5=(—48, 36)
a 12/5
(1) K = IGic 2é = 11225
Or use the formula:
K = |2’y —y "’ | _ |3:4—4¢-0| _ 12
(72 +y'2)372 (32+(4t)2)3/2 (32+(4t)2)3/2>

which equals % when ¢t = 1.



