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2.6

(1) x = u cos α − v sin α, y = u sinα + v sin α (α ����� ) ���������������
1) z2

x
+ z2

y
= z2

u
+ z2

v

2) zxx + zyy = zuu + zvv

(2) x + y = eu+v, x − y = eu−v ���! zxx − zyy = e−2u(zuu − zvv) "�#�$�%�&�'����������
(3) x + y = u, y = uv (�)�* xzxx + yzxy + zx = uzuu − vzuv + zu ��(�&�+��������

2.6 ,.-0/21.3547608597:;9=<5>2?
@ � z = f(x, y) ��A @ � fx, fy "�B�C�DFE�G����H��I � A @ �J��K�L;&�+�"FM���&H� fx � x� @ %�&�A @ � (fx)x, y � @ %�&�A @ � (fx)y � fxx, fxy �ON!PQ��RTS fy ��A @ �!UWV�X � ��Y
M��T&��!'OZ!)�� 2 [���B�A @ �\��]�^�� 3 [�_�`���B�A @ �!UaV�X � ��Y!bOZ�&��

fxy � f ��c�d�� x M�C�D  � � y M�CTD  S�UW��M�e�&a� fyx � f ��cfd�� y M�CfD  � � x

M�CTD  S�U���M�e!gih!'�� 2 jk��l�m ��npo U���M�e�&��  �q� e�&�rTs���t�M���l�u�%�&��
v�w

2.20 ( x�yTz|{�}�~ v�w ) � (a, b) ������M�h fx, fy, fxy "����  �� h fxy " (a, b) M����J(
)�*ah fyx UO���  �� fxy(a, b) = fyx(a, b) "�#�$�%�&��
�

f(x, y) " C2 � (2 [���B�A @ ��"����  �� ��� ) (�)�* fxy = fyx M�e�&W�@ � f(x, y) " Cn � (n [�R�M��aA @ ��"��T�  a� ��� ) M�eWZ�* n [�R�MT��A @ ��� x, y M�C
D  S�����"�V���M�e�Z�*�������� ��� )�����&��
�T� �����f���a���W�������T��&fS�� � �k���T���aA��f%�&a�5'��a�f���a���  (a !��hH���k�
N��T¡�%�¢�£�M�¤�¥�(�¦�§�M�e�&��
v�¨

2.21
∂

∂x
�H©F$  SJUH�J�  H�|ª   ∂

∂x
f � ∂

∂x
" f �|« �  H�  J&5�¬5(|%H�!'H�J�|�

®;¯J° � D = h
∂

∂x
+ k

∂

∂y
��FY;%±&|�²'H�J�f� Df = h

∂

∂x
f + k

∂

∂y
f �³¬0&H��RFS D2 =

(

h
∂

∂x
+ k

∂

∂y

)2

= h2
∂2

∂x2
+ 2hk

∂2

∂x∂y
+ k2 ∂2

∂y2
�OK�L�&���l�m �

Dn =

(

h
∂

∂x
+ k

∂

∂y

)n

=

n
∑

r=0

nCrh
n−rkr

∂n

∂xn−r∂yr

�O¬�&��
v�w

2.22 ( ´�µ�¶�µT~ v�w )

f(x + h, y + k) = f(x, y) + Df(x, y) +

· · ·+
1

r!
Drf(x, y) +

· · ·+
1

(n − 1)!
Dn−1f(x, y) +

1

n!
Dnf(x + θh, +y + θk)
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��(T& θ (0 < θ < 1) "�����%�&��
z = f(x, y) = x2ey ���! (x, y) = (1, 1) M��F�������������F  ��·�¸� �� ¬ ��o �!'�'�M�� n

��_�`���¹;º  S|��»��HK�L�&�� X = x + h, Y = y + k �¼%5&���c�d � n = 2 ��½�¾��HK�L�&��
∂f

∂x
= 2xey,

∂f

∂y
= x2ey (���M ∂f

∂x
(1, 1) = 2e,

∂f

∂y
= e M�e�&�� ��¿T�

f(X, Y ) ∼= e + 2e(X − 1) + e(Y − 1)

M�eT&�� n = 3 ��½�¾��
f(X, Y ) ∼= e + 2e(X − 1) + e(Y − 1) + e(X − 1)2 + 2e(X − 1)(Y − 1) +

1

2
e(Y − 1)2

2.7 À2Á
eT&�� (a, b) ��ÂÃgOM f(a, b) �WÄ�"�Å�� f(x, y) � gÇÆ��� !���WÈ�É�Ê!�O  o �TË � Å��WÄ � gÌ b� !����È�Í�Ê!�O  o �TÎ�Ï ��Ðpo �Oh�e�&�Î�� δ "����  �� h 0 < (x − a)2 + (y − b)2 < δ (
)�* f(x, y) < f(a, b) "�#F$  ��  �&����Hh f(x, y) � (a, b) M�Ñ;Æ!�O � Fh f(a, b) ��ÑFÆ�Ä!�O o � f(x, y) <= f(a, b) "�#�$�%�&k����Ò�Y���ÑTÆ!�O � �h f(a, b) ��Ò�Y���Ñ�Æ�Ä!��  o �fÑ Ì U�V
X � ��Y�M���&���Ñ�Æ�ÄÔÓÕÑ Ì Ä�¾�Ö�� � Ñ�Ä!�O  o �@ � z = f(x, y) " fx(a, b) = 0 q j fy(a, b) = 0 ��×�S�%!����hT� (a, b) ��Ø�Ù�Ú\��]�^�� 1

�
� @ �!��V�X � z = f(x, y) "�� (a, b) M ( Ò�Y�� ) Ñ�Ä����³Z�*�h (a, b) "�ÛHÜ���M�eF&�+�"�D q
&��\'���Ë�� ÝÞÛ�Ü�����Ñ�Ä�ß���l�m � Î  P�(� �"���"�#�$�%�&��
v�w

2.23 (a, b) � @ � z = f(x, y) ��ÛHÜ��²�O%�&H� H(x, y) = fxxfyy − f2
xy
�Oà!P;�O��"|#�$

%�&a�
(1) H(a, b) > 0 ����� f(x, y) � (a, b) M�Ñ�Ä�����&��

1) fxx(a, b) > 0 ����� f(a, b) ��Ñ�á�Ä�M�e�&��
2) fxx(a, b) < 0 ����� f(a, b) ��Ñ�Æ�Ä�M�e�&��

(2) H(a, b) < 0 ������Ñ�Ä�Mf(� ��
(3) H(a, b) = 0 ��������'OZk¢�£�M���D!)�(� ���Ñ�Ä � (�&�½�¾!Ua(�)�(� �½�¾!U�e�&��
â

2.24 z = f(x, y) = x4 + y4 + 2x2y2
− 2y2 ��ÑfÄ���ã�� ��o ��c�d � ÑTÄ�ä�å!��(�&fÛ�Ü����æ � ��o � zx = 4x3 + 4xy2 = 0, zy = 4y3 + 4x2y − 4y = 0 ��çTè�é�" æ ��&�U�� � (�&��5'����

$�êTë ¯ ��ì�����í�î�M�é!P�� (x, y) = (0, 0), (0, 1), (0,−1) ��ï�&��
zxx = 12x2 + 4y2, zxy = 8xy, zyy = 12y2 + 4x2

− 4 (���M H(0,±1) = 32 > 0, H(0, 0) = 0 �
(�&����T� 2.23 � gih z � (0,±1) M�Ñ Ì M�e�&�� H(0, 0) = 0 (���M (0, 0) ��X�ð������ 2.23 q
)��aD q )�(W T�Hñ�ò � ãf��(T£�Zk*�(�)�(a ���'���½T¾��aÑ�Ä � (\gO� o Ua(� \��ó±gO�aj�£ �
��Z�����%H�

x– ôT` �aõ�ö� W� K�LT&��Oh f(x, 0) = x4 MTe�&�� x– ô�`�MT� (0, 0) ��Ñ Ì hf÷�ø� \P�)�MkUO�
P � f(0, 0) � gÇÆ���(|Ä���ù5&���"|����%5&�� y–ô;` ��õJö %�&5� f(0, y) = y4

− 2y2 Mk'H� 4

� @ ��� y–ô�`�M�� (0, 0) M�ÑfÆ�h�÷�øa !P�)�M�UO�!P � f(0, 0) � g Ì bO �Ä���ù�&��k"�����%
&�� 2 j���¾�Ö���&�� (0, 0) "�Ñ�Ä�M�(� �+�"�D q &��
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