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����,.-0/21�341./�5"67198�: ;=<>191�8@?BADC73D3FEG?H/21�?HI+1�JLKMC+A$19ADA4C7AD3ONP?H/21�?HIRQ+C7S2AUTVC+ADI>W
X 82YZQ[;4/21\AD19YZ196�5]8�;0^2ADC+<2YZ19_`3ba�57303c1�Yd1�?e;41�Jf<�Q.gOA�hji�;4C�6�5]YZYlkj/�5"671O<>191�8(57J2J�AD1�3D3c1�J.mZ8
;4/�mZ3nI719Q7h

op���"�. =qbrs��t��2u�vw�2��)��
�>x0y�z�{}|9~����R1p821�1�J[;D/21pYZmd_[md;s;DCU<>1p;D/21O3D5]_[1p5+YdC782�f~B��~9�e��^�5�;D/`;4/�A4C7S2�+/

(0, 0) � 82C];� S�3c;p5]YZC+82�[3c;4AH5]mZ�+/�;nYdmZ821�3�h��p3�5+8�19�25]_[^2YZ1 � J�19��821

f(x, y) =

{

x4

x4+y2 y 6= 0,

0 y = 0

5]8	J�?9C+8�34mZJ219Anmd;D30YZmd_[md;O5�;
(0, 0)

h���YZC+82��;D/21bYdmZ821
y = mx

KMC7A
m 6= 0

5]8	J
x 6= 0

a�34C
(x, y) 6= (0, 0)

k � Ts1\/�5"671

f(x, y) =
x4

x4 + (mx)2
=

x4

x4 + m2x2
=

x2

x2 + m2

Tn/2ml?H/�5+^2^2ADC75+?H/�1�3p��573
x → 0

h=-0/219AD1BKMC7A41
f
5+^2^2ADC75+?H/�1�3���19ADC�573OTV1��+C�;4C

(0, 0)5]YZC+8���5+YdYj82C+8�6+1�Ac;DmZ?�5]Y�5]8	J�8�C+82/2C7A4mZ�9C78�;D5]Y�YZmZ821�3�h�-�C�/�5]8�J2Yd1`;D/21`6+1�Ac;DmZ?�5]Y�YZmd8�1 � J�1BE3D?BADmd<>1�J�<�Q
x = 0 � 82C];D1�;4/�5];p5]YZC+82�$;4/�5];�YdmZ821

f(x, y) = f(0, y) =
0

0 + y
= 0

KMC7A
y 6= 0;

34C
f
5]^2^�A4C�5+?H/21�3s��19ADC�5+YdC782��;4/21b6719A4;4ml?95+Y�YdmZ821b5+3nTV1b5]^2^�A4C�5+?H/.;D/21bC+ADmZ�+mZ8�h���mZ8�5+YdYZQ �YZC�C7If5�;n;D/21U/2C7A4mZ�9C78�;D5]Y�YZmZ821 � J21�3D?BADmd<>1�J(<�Q y = 0

h��R1UI�82C�T
f(x, y) = 0

Tn/219821�6+1�A
y = 0 � 3cCfC+<�6�mdC7S�3cYZQ`;D/21=YZmd_[md;OC+K f

573�TV1=5]^2^�A4C�5+?H/
(0, 0)

5+YdC782�.5`/2C7A4mZ�9C787;H5]Y�YZmZ821
ml3p�2h���Yd;4C7�+1B;D/219Ap;4/21�8 � Ts1$?BC+8	?BYZS�J�1U;D/�5�;�82C._`5�;4;41�AOTn/2ml?H/%YZmd821$Ts1�5]^2^�A4C�5+?H/(;4/21C+ADmZ�+mZ8�5]YZC+8�� � TV1\34191 f(x, y)

5]^�^2A4C�5+?H/2mZ82���2h
��C�TV196719A � ;D/21OYZmZ_�md; lim(x,y)→(0,0) f(x, y)

3F;DmdYZY�_[md�7/7;0<>1O82C782�91�A4C � C7As_[mZ�+/�;082C];1B��ml3F;�W���C�C+If5];n;4/21b^	5�;4/
y = x2 h���YZC+82��;D/2mZ3�^�5�;D/

f(x, y) =
x4

x4 + y2
=

x4

x4 + x4
= 1/2

KMC7A
x 6= 0.

-0/21�A419KMC+AD1=5+3OTs1�5]^2^�A4C�5+?H/
(0, 0)

5]YZC+82�.;4/21�^�5]AH5]<>C+Yl5
y = x2 � f 5+^2^2ADC75+?H/�1�3

1/2 �82C+;0��19ADC$N.34C
f(x, y)

/�5+3082C[YZmd_[md;p5+3
(x, y) → (0, 0)

h
� � 1�3 ��� : J(YZmdI71O;DC���8�J�5`��S2mZ?HI719A01B�25+_�^�Yd17hdhZh �

�



� x�ywz]{}|9~��U-0/21$�7md67198%YZmd_[md; � S	3F;b345"Q�3�;4/�5];
f(x, y)

ml3�?BC+8�;Dmd8�S2C7S�3p5];
(a, b) � m�;\821�1�J82C+;0<>1UJ�md >1�A41�8�;4ml5]<2YZ1+h�¡��25+_�^�Yd17¢

f(x, y) =
√

x2 + y2 � (a, b) = (0, 0)
h

£ x.y�z�{¤|B~����¥6+1�?B;4C7ApKMS28	?e;4mZC+8�C]K0?BC+8	3F;H5]8�;OYZ1982�+;4/R5]YZTV5"Q�3OYZ5+8�J23�C+8R5�34^2/21�A41 � C7A�5?BmZAH?BYZ1bm�K�TV1+: A41bTVC+ADI�md8��`md8�;FTVCfJ�mZ_[198�34mdC78�3�h0-0/�mZ3pmZ3pTn/�5�;p_[C+;4mZ6"5];41�3p?H/2C�C734mZ82�[;4/21
KMC+YZYZC�Tnmd82��1B�25+_�^�Yd17¢

��19;
u(t) = (cos t)i+(sin t)j

h�-0/2ml3j/�573j?9C+8�3c;D5+87;VYd1�82�];D/ � h�gOm� ¦19AD198�;4ml5�;Dmd8��U;4/�mZ3
�+mZ6+1�3

u′(t) = (− sin t)i + (cos t)j
h�§�C�T¨;4/21UJ2C];�^2ADC�J�S�?e;�3D5"Q�3

u(t) · u′(t) = (cos t)(− sin t) + (sin t)(cos t) = 0.

-0/21�A419KMC+AD1
u(t)

5+8�J
u′(t)

5]AD1.5+?B;4S�5+YdYZQL^>19AD^	1�8�J�ml?BS2Yl5]A�W%i�md8	?B1`821�m�;D/219A$C]K0;4/21�3c1`ml3
196719As;4/21\��19ADC=6+1�?e;DC+A � ;D/2mZ30_[1�5]8�3s;4/�19Qf?�5]8282C+;V<>1�^�5]AH5]YZYd1�Y�a©;4/�1���19ADC=671�?e;DC+AVmZ3V^�5+AcE5]YZYZ19Y¦;4Cª~9�"~9�e�\6+1�?e;4C7AHkBh
« x`¬2�e­�~��pa�i�1�1b^�5]�71�®7¯+��C]K�;419��;D<	C�C7I`N.¡�S2YZ19A�: 3n-0/�19C+AD19_�h}k

°



oO���"�f " bqU��t��M���M�±���ª²$��³>��*7�
�>x\~����R1U?95+YZ?9S2YZ5];41

fxy = (fx)y =
∂

∂y

(

∂f

∂x

)

=
∂

∂y
(sin y) = cos y.

¡�6�5]YZS�5];4mZ82��;4/2ml3�5�;
(x, y) = (2, π/3)

�7md671�3
cos(π/3) = 1/2

h
´ xOµ+�j-0/21nC+82YZQUAD1�3c;4ADmZ?B;4mZC+8�C+8$;4/21OJ�C+_`5]mZ8�/219AD1�5]ADmZ341�3�<>1�?�5]S�341nTs1n?�5]8282C+;�;D5+I+1V;4/21
3D�7S	5]AD1$ADC�C];UC]KV8219��5�;Dmd671�8�S2_$<	1�AD3�hf-0/�S�3�;D/21.1B��^2AD1�3D34mdC78LS28�J219Ab;D/21.34��S�5+A41[ADC�C]; �
x2 + y2 − 1 � _$S�3F;b<>1`5�;bYd1�5+3c;\��h$-0/2ml3\�+mZ6+1�3�;D/21[md8�1���S�5]YZmd;FQ x2 + y2 ≥ 1 � Tn/2mZ?H/?BC7A4AD1�34^>C+8�J23j;4C.J�h

�x¨µ+�R¶VC];4/@8�S�_�1�AD5];4C7A=5]8�J@J�1982C7_[md8�5];4C7A=5]^2^�A4C�5+?H/��L573

(x, y) → (0, 0)
34CªTV1

?95+8282C+;[34S2<�3c;4md;4S�;D1+h·��C�TV196+1�A � TV1�?95]8¸S�341�^>C+Yl5]A`?BC�C7ADJ�mZ8�5];41�3�h
¹p341 x = r cos θ �
y = r sin θ � 573 (x, y) → (0, 0) � r �+C�1�3�;DCU� � ;D/2C+S��+/`TV1�?95]8�82C];j3D5"QUTn/�5]; θ

mZ3sJ�C+mZ82��h
-0/�S�3n34S2<�3c;4md;4S�;Dmd82�`_`5+I+1�30C7S2A0YdmZ_[m�;OYdC�C+I`YZmZI+1

lim
(x,y)→(0,0)

x2y
√

x2 + y2
= lim

r→0+

r2 cos θ · r sin θ

r
= lim

r→0+
(r2 cos θ sin θ).

�R1=J�C.82C+;pI�82C�Tº/2C�T
θ
ml3�6�5+A4Q�mZ82�.5+3nTV1b821�5]An;D/21=C7A4mZ�+mZ8

(0, 0)
a©KMC7ApmZ8�3F;H5]8�?91 � TV1?BC7S2YlJ=<>1n3c^2mZAH5]YZmd82��mZ8	k±¶0¹p-
TV1nJ�C\I�82C�T�;4/	5�;

cos θ sin θ
TnmZYZY�82196719A±�+19;±<�md�7�+19A�;D/�5]8

� mZ8.5]<�34C+YZS�;4106�5]YZS21 � 34md8	?B1 |sin θ| ≤ 1
5+8�J |cos θ| ≤ 1

5]YZT05"Q�3�h�-0/�19AD1BKMC+AD1082Cb_`5�;4;419A
Tn/�5];

θ
J�C�1�3 � r2 cos θ sin θ

TnmZYdY�5+^2^2ADC75+?H/���19ADCf5+3
r → 0 � ;D/219AD1=ml3p8�CfT05"QfKMC7Ap;D/21

cos θ sin θ
;4C[�+ADC�T¨5]8	JfC�6719AD^	C�TV19As;4/21

r2 K�5+?e;DC+A0;D/�5�;�ml30�+C7md82��;DC���19ADC�ha��O3cmlJ�1 # � ¢�mdK�Q+C7S�T05]8�;V;4C`34191�;4/2ml3VKMC+AD_`5]YZYdQ � ;D5+I+1\5]<�34C+YZS�;41�6�5]YZS21�3 � S�34md8��$;D/�5�;
|cos θ sin θ| ≤ 1

¢

lim
r→0+

|r2 cos θ sin θ| ≤ lim
r→0+

|r2| = lim
r→0+

r2 = 0.

i�mZ8�?B1b5+<�3cC7YdS2;41\6�5]YZS21�305]AD1\5]YZTV5"Q�305�;nYZ1�5+3c;n� � ;4/�mZ3nYZmZ_�md;�ml3n5]Yl3cC[5�;nYZ1�5+3c;��2h±�R1 � S�3F;34/2C�Ts1�JP;4/	5�;[m�;`ml3�5];�_[C�3F;`� � 34C�;4/21�YZmd_[md;[ml3$KMC+AH?B1�JP;4CP5+?B;4S�5+YdYZQ�<	1%��h
��mZ8�5+YdYZQ �mdK�;4/21[5]<	3cC7YdS�;D1=6�5]YZS21$C]K
r2 cos θ sin θ

5+^2^2ADC757?H/21�3��.;4/21�8
r2 cos θ sin θ

_=S	3F;\m�;H3c1�Y�K
5]^�^2A4C�5+?H/f� � 82C[C];D/219An8�S2_$<	1�An/�5+3n5+<�34C+YZS�;41\6�5]YZS21b�2h}k��82C+;4/21�A\TV5"Q�;DC(34191$;4/2ml3\ml3p;D/�5�; � mZ87;DS2md;4mZ6+19YZQ � ;4/21[8�S2_[19AH5�;DC+Apml3b5�^	C7YdQ�82C7_�ml5]YC]KVJ�19�7A41�1�¯(5]8�Jª;4/21`J�1�82C+_[mZ8�5�;DC+A�»45+?e;H3�YdmZI+1B¼�5f^>C+YZQ�82C+_[ml5]Y±C]KVJ�19�7A41�1 � a�34md8	?B1[m�;
ml3�;4/21%3D�7S	5]AD1�ADC�C];[C]K�5R^>C+YZQ�82C+_[ml5]YnC]K\J�19�7A41�1 ° keh½§�1�5]A

(0, 0)
5R/2mZ�+/21�A[J219�+AD191

^>C+YZQ�8�C+_[mZ5+Y�TnmZYdY>�+CU;4C$�UK�5+3c;41�A�;4/	5]8.C7821pC+K�YdC�TV19AjJ219�+AD191nN$KMC+Aj;4/21 � E¾6�5]ADmZ5+<2YZ1�?95+341 �YZC�C7If5�; � 1+h ��h � ;4/�1b�+AH5]^2/�3VC+K y = x � y = x2 � y = x3 h��¿/�5�;n;D/2ml3n_[1�5]8	3VKMC+AnS�3n/�19AD1ml3p;D/�5�;\;D/21[8�S�_�1�AD5];4C7AOml3\�+C7md82�f;4C��91�A4C�K�5+3c;41�A�;4/�5+8ª;4/�1[J21982C7_�mZ8�5];4C+A�h$i�C � Tn/21�8Q+C7S�J�mZ6�mZJ21 � ;D/21[8�S2_[19AH5�;4C7A\TnmdYZY�»cC�6+19AD^>C�Ts1�AF¼\;4/21`J�1�82C+_[mZ8�5�;DC+AU5+8�Jª;D/21`��S2C];Dmd1�87;TnmZYdY¦�+CU;4C[�2h0a��p34mlJ�1 # ° ¢ � K�m�;0TV573�;D/21OC+;4/21�AsT05"Q[5]ADC+S28�J � ;D/21�J21982C7_�mZ8�5];4C+AVTVC+S2YlJ<>1(5+^2^2ADC75+?H/�md82���ªK�573F;D19A�;4/�5+8
;D/21�8�S�_�1�AD5];4C7A � 34CL;D/21(Tn/2C+YZ1fKMAH5+?B;4mZC+8¸TsC7S2YZJ@<	1�+ADC�TnmZ82�=AH5�;D/219A0;D/�5]8�5]^2^�A4C�5+?H/2mZ82�[�2h}k

¯



À x\~���-�C[��8�J�;4/�1bYd1�82�];D/�C+K�;D/21U?BS2AD6+1 � S�3c1\;D/21bYZ1982�+;4/�KMC+AD_=S2Yl5

L =

∫ b

a

|v(t)| dt,

Tn/21�A41
v(t) = r′(t)

5+8�J
a ≤ t ≤ b

mZ30;D/21bAH5]82�71OC+K
t
h��p19AD1 �

v(t) = r′(t) = 〈2 cos 2t,−2 sin2t, 3t1/2〉
34C$;D/�5�;

|v(t)| =
√

(2 cos 2t)2 + (−2 sin 2t)2 + (3t1/2)2

=
√

4 cos2 2t + 4 sin2 2t + 9t

=
√

4 + 9t.

X S2A.AH5]8��+1�C]K
t
mZ3.;4/21ªmZ8�;41�A46�5]Y

[0, 1] � 3cC�C7S2A.YZ1982�+;4/½mZ3�aMS�34mZ82��;4/�1L3cS�<�3F;Dm�;DS�;4mZC+8
u = 4 + 9t � du = 9 dt

k

L =

∫ 1

0

√
4 + 9t dt

=

∫ 13

4

1

9

√
u du

=
1

9

(

2

3
u3/2

∣

∣

∣

13

4

)

=
1

9
· 2

3
(133/2 − 43/2)

=
2

27
(13

√
13− 4

√
4)

=
2

27
(13

√
13− 8).

-0/2ml30mZ3p5]8�34Ts1�A01+h

Á



� x$~��0-0/�1b1���S�5�;DmdC78�C]K±;4/21=^2YZ5+821\;D5+82�+1�8�;n;4C[;4/�1U�+AH5]^2/(C]K
z = f(x, y)

5];
(x0, y0)ml3

fx(x0, y0)(x − x0) + fy(x0, y0)(y − y0) − (z − z0) = 0
Tn/21�A41

z0 = f(x0, y0)
h���1�A41

f(x, y) = e2x+2y � (x0, y0) = (0, 0)
5]8�J

z0 = 1
h

Â�5]A4;4ml5]Y�J�md >1�A41�8�;4ml5�;4mZC+8��7md671�3VS�3

fx =
∂

∂x
(e2x+2y) =

(

∂

∂x
(2x + 2y)

)

e2x+2y = 2e2x+2y

5]8	J
fy =

∂

∂y
(e2x+2y) =

(

∂

∂y
(2x + 2y)

)

e2x+2y = 2e2x+2y.

i�S2<	3F;Dm�;DS�;4mZ82�`196719ADQ�;4/2mZ82��md8�;4C[;D/21b1���S�5];4mZC+8�5]<>C�6+1��+mZ6+1�3

2e0(x − 0) + 2e0(y − 0) − (z − 1) = 0

C+A
2x + 2y − z + 1 = 0.

-0/2ml3n?BC7A4AD1�34^	C78�J23s;4C[17h
£ x�Ã���-�CU��8�J

r(t) � ��AH3c;smZ87;D19�7AD5];41 � <2S�;0I+1�19^.mZ8._[mZ8�Jf?9C+8�3c;D5+87;H3jC+K�md8�;D19�+AH5�;DmdC78`TnmdYZY^>C+^(S2^�¢

r(t) =

∫

r′(t) dt =

(
∫

t2 dt

)

i +

(
∫

t3 dt

)

j =
t3

3
i +

t4

4
j + C.

a��p19AD1
C
mZ3b5(?BC78�3F;H5]8�;\6+1�?B;4C7AO;D/�5�;U?9C+_[1�3OKMADC+_Ä;D/21`?BC+8	3F;H5]8�;D3OC]KVmd8�;41��+AH5�;DmdC78ªKMC+A

1�57?H/fmZ8�;419�7AD5+Y�h}k
§�C�Tº3cS2<	3F;Dm�;DS�;41

t = 0
5]8	J�S	3c1�;4/	5�;

r(0) = i
aM�+mZ6+1�8	ke¢

i = r(0) = 0i + 0j + C = C.

i�mZ8�?B1
C = i �

r(t) =
t3

3
i +

t4

4
j + i =

(

t3

3
+ 1

)

i +
t4

4
j.

-0/21�A419KMC+AD1
r(1) =

(

1

3
+ 1

)

i +
1

4
j =

4

3
i +

1

4
j.

Å



« x\~���-0/2ml3nml3n5]8�1B��1�AD?9mZ341OmZ8%?95+A419KMS2Y�J�md >1�A41�87;DmZ5];4mZC+8�h±�R1+: YdY�J�C[;FTsC�_[1B;D/2C�J239h
a�5�kLa¾Æs/�5]mZ8RA4S2YZ1$KMC+A\_=S2Yd;4mZ^2YZ1[6"5+A4ml5]<�Yd1�39h}kR��1`5+A41��+mZ6+1�8%;4/�5];

x
5+8�J

y
5+A41�<>C];4/

KMS�8�?e;DmdC78�3pC+K�md8�J219^>198�J�1�8�;O6�5]ADmZ5+<2YZ1
t
h���Yl3cC � ;D/21=1��7S	5�;4mZC+8�KMC7A z

�7md671�3
z
5+3�5

KMS�8�?e;DmdC78(C+K
x
5+8�J

y
h�-0/�19AD1BKMC+AD1�<�Qf;4/21U?H/�5+md8(ADS2Yd1 � Ts1\/�5"671

dz

dt
=

∂z

∂x
· dx

dt
+

∂z

∂y
· dy

dt
.

a � C+S�_[5"Q�34191U;D/2ml3pAD19^2AD1�34198�;D1�J�mZ8%;4/21=;419��;D<	C�C7I(6�ml5`;D/2mZ3 � C�6+19AH34md��1�J�hZhdh �$J�ml5�E
�7AD5+_�¢ k

z

��
��

��
��

??
??

??
?

x y

t t§pC�TÇTV1 � S�3F;U/	5"6+1$;4C�196�5]YZS�5];41[1�57?H/�^�5+Ac;bC+Kj;4/�1`1���S�5�;DmdC78R5+<	C�671�5];
t = 1

h
��mZAD3c;�TV1\J2C$;D/21b^�5+Ac;DmZ5+Y�J�m� ¦19AD198�;DmZ5];4mZC+8�5]8�J��+19;

∂z

∂x
= y2 + 3x2y,

∂z

∂y
= 2xy + x3.

i�md8�?91�5];
t = 1

Ts1�/�5"6+1
x(1) = 1

5+8�J
y(1) = 2 � TV1�?�5]8 � S	3F;b3cS�<�3F;Dm�;DS�;41$;4C�71B;

∂z

∂x

∣

∣

∣

∣

t=1

= 22 + 3 · 12 · 2 = 10,
∂z

∂y

∣

∣

∣

∣

t=1

= 2 · 1 · 2 + 13 = 5.

�R1U5]Yl34C�I�82C�TÈ;4/�5];
x′(1) = 3

5]8�J
y′(1) = 4 � 34C

dx

dt

∣

∣

∣

∣

t=1

= 3,
dy

dt

∣

∣

∣

∣

t=1

= 4.

i�S2<�3c;4md;4S�;Dmd82�.;4/21�3c1\mZ8�;D/21\��AH3F;n1��7S	5�;4mZC+8(TV1��71B;

dz

dt

∣

∣

∣

∣

t=1

= 10 · 3 + 5 · 4 = 50.

aM<>k�a�gpmZAD1�?e;bJ�md >1�A41�8�;4ml5�;4mZC+8wh kL��1[?95+8LJ�md >1�A41�8�;4ml5�;41$;4/�1$1��7S	5�;4mZC+8ªKMC+A
z
mZ8%;41�A4_`3

C+K
t
J�mZAD1�?e;DYdQ � ¶0¹p-�acWdWZW k=TV1n/�5"6+1V;4C=I+191�^[md8[_[md8	J�;4/�5];

x
5]8	J

y
5]AD10KMS28�?e;DmdC78�3

C+K
t
h

dz

dt
=

d

dt
(xy2 + x3y)

=
d

dt
(xy2) +

d

dt
(x3y)

=
dx

dt
· y2 + x · d

dt
(y2) +

(

d

dt
(x3)

)

· y + x3 · dy

dt
.
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¶V19KMC+AD1=?BC787;Dmd8�S2mZ82� � 82C+;41U;D/�5�;�md8LC+AHJ�19An;DCfJ�md >1�A41�8�;4ml5�;41 x3 � KMC7ApmZ8�3c;D5]8	?B1 � Ts1/	5"6+1�;DC\S�3c1s;4/�10?H/	5]mZ8UA4S�Yd1V<	1�?95+S�3c1
x
mZ3±5pKMS28�?B;4mZC+8�C]K

t � ;4/�S�3 d
dt (x

3) = 3x2x′ �Tn/�19AD1
x′
_[1�5]8	3

x′(t)
h±i�C � ?BC+8�;Dmd8�S2mZ82�0;4/�1sJ�md >1�A41�8�;4ml5�;4mZC+8bTnmd;4/\;D/2ml3wmZ8b_[md8�J�hdhZh

dz

dt
=

dx

dt
· y2 + x · d

dt
(y2) +

(

d

dt
(x3)

)

· y + x3 · dy

dt

= x′y2 + x · 2y · y′ + 3x2 · x′ · y + x3y′.

�V;
t = 1 � ;4/2ml3nml301���S�5+Y¦;4CªaM<�Qf34S2<�3c;4md;4S2;4mZ82�[;4/21b�7md67198(6�5]YZS21�30C+K x, x′, y, y′

k

3 · 22 + 1 · 2 · 2 · 4 + 3 · 12 · 3 · 2 + 13 · 4 = 12 + 16 + 18 + 4 = 50.

Ê x\Ã���-0/21b8�C+AD_[5+Y�?BC7_�^>C+8�198�;nC]Kw;D/21U5+?�?B1�Yd1�AD5];4mZC+8fml30�+mZ6+1�8�<�Q

aN = κ|v|2
Tn/21�A41

κ
ml3±?BS2AD6�5�;4S�A41�C+K2;4/�1s?BS�A4671s5]8	J |v| mZ3w;4/21034^	1�1�JUC+K�;4/21V^�5+Ac;DmZ?9Yd17h�-�CO?BC7_[^2S�;41<>C];4/�C+Kw;4/�1�341 � TV1bJ�m� ¦19AD198�;DmZ5];41�;FTnmZ?91+¢

r(t) = ti + t2j,

v(t) = r′(t) = i + (2t)j,

a(t) = a′(t) = 2j.

§�C�T¨;4/21U34^>191�J�mZ8�;D19AD_`3nC]K
t
ml3

|v(t)| =
√

12 + (2t)2 =
√

1 + 4t2.

-�C[?9C+_[^2S�;D1U?BS2AD6�5�;DS2A41 � Ts1\S�341\;4/21\KMC7A4_$S2Yl5

κ =
|v × a|
|v|3 .

-�C[?9C+_[^2S�;D1U?BADC73D3V^2A4C�J�S	?e;nTs1\/�5"671�;4C[^2YZS2�`md8(�91�A4C�KMC7A0;4/21\;D/2mdAHJ�?BC�C+AHJ�mZ8�5�;D1+¢

v(t) × a(t) =

∣

∣

∣

∣

∣

∣

i j k

1 2t 0
0 2 0

∣

∣

∣

∣

∣

∣

= k

∣

∣

∣

∣

1 2t
0 2

∣

∣

∣

∣

= 2k

34C |v × a| = 2
a
=

√
02 + 02 + 22

h}k
§�C�Tº3c^>191�J(5];

t = 1
ml3 √

1 + 4 · 12 =
√

5
5]8�J�?BS2AD6�5�;DS2A41\5�;

t = 1
ml3

κ =
2

(
√

1 + 4t2)3
=

2

(
√

5)3
=

2

5
√

5
,

34C
aN = κ|v|2 =

2

5
√

5
· (
√

5)2 =
2

5
√

5
· 5 =

2√
5
.
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�>�	x\~��±�R1\?95]8.J2CU;4/�mZ3s<�Q�mZ_[^2YZmZ?9m�;nJ�md >1�A41�87;DmZ5];4mZC+8 � I+1�19^.mZ8._[mZ8�J`;D/2A4C7S2�+/�C+S�;�;D/�5�;
y
ml3�5$KMS28�?B;4mZC+8�C]K

x
h

x3 + y3 = x2y2

⇒ d

dx
(x3 + y3) =

d

dx
(x2y2)

⇒ 3x2 +
d

dx
(y3) = 2xy2 + x2 d

dx
(y2)

⇒ 3x2 + 3y2 dy

dx
= 2xy2 + x2 · 2y

dy

dx

⇒ 3y2 dy

dx
− 2x2y

dy

dx
= 2xy2 − 3x2

⇒ dy

dx
(3y2 − 2x2y) = 2xy2 − 3x2

⇒ dy

dx
=

2xy2 − 3x2

3y2 − 2x2y
.

�V;
(x, y) = (2, 2)

;D/2ml3n1���S�5+YZ3

2 · 2 · 22 − 3 · 22

3 · 22 − 2 · 22 · 2 =
16 − 12

12 − 16
= −1.
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