
���������
	 �������������������� ���! "�$#� �	!%�&('$)+*�,�-/.10325462$7

8 �:9�;=<?>A@/BDC�EGFHF�IKJLF!M$N!OPB�F!OQ;QRTS�JUB5<UVDWXV�B�WXF!OXF!OXB=Y
J�Z

lim
t→0
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r(t) = (t + 1, t2, 2t − 3)
n

t0 = 2[ Z
r(t) =
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sin t

3
, cos t

3
,

√
8

3
t
) n

t0 = 0
� Z]\_^a`bZ

r(t) = (et − t)i + e2tj − (2 + e−t)k
n

t0 = 0
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r(t) =
1

t
i +

t

t + 1
j − tk

n
t0 = 1

[ Z
r(t) = (cos2 t, sin 2t, tg t)

n
t0 = π

4� �A��OXVDOQC�CbsGF�>AOQk(J?;
r(t) = (t + 1, t2 − t, 2t)
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r(t) = ti+ t2j+ t3k
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t = i

n
n = j

n
b = k �
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r(t) =
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1
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, t2, 2 + t2

) n
t0 = 1

[ Z
r(t) = (e−t, t, et)

n
t0 = 0 �
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r(t) = (sin2 t, sin 2t, cos2 t)
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2t, et)
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(0, 2

3
, 0) �

�c� � Z
ṙ(t) = (et − 1, 2e2t, e−t)

n |ṙ(t)| =
√

e2t − 2et + 1 + 4e4t + e−2t
~�OQ>J?;Qom~�omCDJ?~
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r(t)
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r̈(t) = (et, 4e2t,−e−t)
n

ṙ(0) = (0, 2, 1)
n

r̈(0) = (1, 4,−1)
n

ṙ(0) × r̈(0) = (−6, 1,−2)
n

@gk?p
b = 1√

41
(−6, 1,−2)

n
t = 1√

5
(0, 2, 1)

nGWQC
n = b × t = 1√

205
(5, 6,−12) �
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r(t) =
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1

t
,

t
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, −t
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r(1) = (1, 1

2
, −1)

n

ṙ(t) =
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− 1

t2
,

1

(t + 1)2
, −1

) n
ṙ(1) = (−1, 1

4
, −1)

n

r̈(t) =
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2

t3
, − 2

(t + 1)3
, 0

) n
r̈(1) = (2, − 1

4
, 0) �

ṙ(1) × r̈(1) = (− 1

4
,−2,− 1

4
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(1, 8, 1)
N!OPF�BDo?V
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(1, 1

2
,−1)

hOXq�Igk OQk?p hcom~�B��DJ � �vk?p J C�Ig>LE�ei�mC�@iF OQk?p!OQ~�eiOXBDO
(x − 1) + 8(y − 1

2
) + z + 1 = 0

n�J?;=J?;
x + 8y + z = 4 �

� �
ṙ(t) = (1, 2t − 1, 2)

J ~�o?VD>H<?eiC�@iF�~�o?VD>H<?e/N!OXF�B�o?V5J ��� ~�o?VD>A<?egC�@/F JUF�F!o?V�h�<UV�S�E�;=J?>{omCtJ?;
(1, 1, 1)

N!OXF�B�o?V�V5J?e_n!S�J�J�~�o?VD>H<?eiC�@iFj~�o?VD>H<?eiN!OPF�BDo?V5Jl>{OXVDRmegOXkmOQC�VD<Gn�J?;QJ?;
(1, 2t−1, 2)(1, 1, 1) =

2t + 2 = 0
n�NUJ?k?pGIiC

t = −1 ��� B�B
r(−1) = (0, 2,−2)
ṙ(−1) = (1,−3, 2) ↑↑ t

r̈(−1) = (0, 2, 0)
ṙ(−1) × r̈(−1) = (−4, 0, 2) ↑↑ b@gk?p

n = b × t ↑↑
(

ṙ(−1) × r̈(−1)
)

× ṙ(−1) = (−4,−8,−8) ��� OQS�<UBjJHVDOXF�BDIi��FU<?eg�1C�@/F�OQk?pGI/F~�o?VD>H<?e/N!OXF�B�o?V5JjJ?;
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(1, 2, 2)
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x + 2y + 2z = 0 �
� �

ṙ(t) = (1, 2t, 3t2)
n

r̈(t) = (0, 2, 6t)
n

ṙ(t) × r̈(t) = (6t2, −6t, 2) ��� F�F!o?V�egOQC�;
JTFG@iC�WXVDRB�VDIiWQq�OXV}Jj>AOXk!J?q�o?B�B S�<UVDom> N!OXF�B�o?V=n�S�J
ṙ(t)

OQk?p�IiV5<?~!p
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ṙ(t)× r̈(t)
OQk?p�IiV5<?~!p
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hOXq�Igk
t = 0
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J|kmM?V [ O
(0, 0, 0)
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ṙ(t) = (−t−2, 2t, 2t)
n

ṙ(1) = (−1, 2, 2)
n |ṙ(1)| = 3

r̈(t) = (2t−3, 2, 2)
n

r̈(1) = (2, 2, 2)
n

...

r (t) = (−6t−4, 0, 0)
n ...

r (1) = (−6, 0, 0)
n

ṙ(1) × r̈(1) = (0, 6, −6)
n |ṙ(1) × r̈(1)| = 6

√
2
n

ṙ(1)r̈(1)
...

r (1) = 0
n

@gk?pHJ|kmM?V [ s�eiOXB
6
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2/27 = 2
√

2/9
n�JtBDo?VD;QIi�LhcOQq�Igk

0
\3OQ;zEGBD� [�[ I�J [�[ �mecIgC e�<UBDCb;QIiFcnGS�omk?p:JLkmM?V [ O

FGIiOQegWXkm@iBDI�J
z − y = 2

C�@/F!OQk?p!OQ~�eiOXBDOXBXZ �
� � � kmM?V [ OTFGIgOXegWQkm@/BDI�J?;

x + z = 1
OQk?p!OX~�egOXBDOPB:\3E�I � sin2 t + cos2 t = 1

>AIg~�q�OQ~
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ṙ = (2 sin t cos t, 2 cos 2t, −2 sin t cos t) = (sin 2t, 2 cos 2t,− sin 2t)
r̈ = (2 cos 2t, −4 sin 2t,−2 cos 2t)
...

r = (−4 sin 2t, −8 cos 2t, 4 sin 2t)

ṙr̈
...

r =

∣

∣

∣

∣

∣

∣

sin 2t 2 cos 2t − sin 2t
2 cos 2t −4 sin 2t −2 cos 2t
−4 sin 2t −8 cos 2t 4 sin 2t

∣

∣

∣

∣

∣

∣

= sin 2t · (−16) − 2 cos 2t · 0 − sin 2t · (−16) = 0 �
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ṙ = (−e−t,

√
2, et)

n
r̈ = (e−t, 0, et)

n
ṙ × r̈ = (

√
2et, 2,−

√
2e−t) ��� [�[ Rme J:kmM?V [ s�eiOXB

|ṙ × r̈|
|ṙ|3 =

√
2e2t + 4 + 2e−2t

√
e−2t + 2 + e2t

=

√
2(et + e−t)

(et + e−t)3
=

√
2

(et + e−t)2
��� IiN!OQe et + e−t
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et + e−t
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t = 0
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t = 0
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√

2, 1)
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