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�¥ª®â®àë¥ ®¡®§­ ç¥­¨ï ¨ § ¬¥ç ­¨ï

� â¨­áª¨©  «ä ¢¨â
C1, C2, . . . | ¯à®¨§¢®«ì­ë¥ ¯®áâ®ï­­ë¥;

r, ϕ, z | æ¨«¨­¤à¨ç¥áª¨¥ ª®®à¤¨­ âë, r =
√

x2 + y2;
r, θ, ϕ | áä¥à¨ç¥áª¨¥ ª®®à¤¨­ âë, r =

√
x2 + y2 + z2;

t | ¢à¥¬ï (t > 0);
w | ¨áª®¬ ï äã­ªæ¨ï (§ ¢¨á¨¬ ï ¯¥à¥¬¥­­ ï);

x, y, z | ¯à®áâà ­áâ¢¥­­ë¥ ¯¥à¥¬¥­­ë¥ (¤¥ª àâ®¢ë ª®®à¤¨­ âë);
x1, . . . , xn | ¤¥ª àâ®¢ë ª®®à¤¨­ âë ¢ n-¬¥à­®¬ ¯à®áâà ­áâ¢¥.

�à¥ç¥áª¨©  «ä ¢¨â
� | ®¯¥à â®à � ¯« á :

� = ∂2
∂x2 + ∂2

∂y2 | ¢ ¤¢ã¬¥à­®¬ á«ãç ¥,
� = ∂2

∂x2 + ∂2
∂y2 + ∂2

∂z2 | ¢ âà¥å¬¥à­®¬ á«ãç ¥,

� =
n∑

k=1

∂2

∂x2
k

| ¢ n-¬¥à­®¬ á«ãç ¥;

�� | ¡¨£ à¬®­¨ç¥áª¨© ®¯¥à â®à, �� = ∂4
∂x4 +2 ∂4

∂x2∂y2 + ∂4
∂y4 | ¢ ¤¢ã¬¥à­®¬ á«ãç ¥;

|∇w|2 | ¬®¤ã«ì £à ¤¨¥­â  äã­ªæ¨¨ w, |∇w|2 =
n∑

k=1

(
∂w
∂xk

)2 | ¢ n-¬¥à­®¬ á«ãç ¥;

∇ · ~v | ¤¨¢¥à£¥­æ¨ï ¢¥ªâ®à  ~v, ∇ · ~v =
n∑

k=1

∂vk
∂xk

| ¢ n-¬¥à­®¬ á«ãç ¥;

(~v · ∇)w | £à ¤¨¥­â áª «ïà  w ¯® ¢¥ªâ®àã ~v, (~v · ∇)w =
n∑

k=1
vk

∂w
∂xk

| ¢ n-¬¥à­®¬ á«ãç ¥.

�à âª¨¥ ®¡®§­ ç¥­¨ï ¯à®¨§¢®¤­ëå
� áâ­ë¥ ¯à®¨§¢®¤­ë¥:

∂tw = ∂w

∂t
, ∂xw = ∂w

∂x
, ∂ttw = ∂2w

∂t2
, ∂xxw = ∂2w

∂x2 , ∂xxxw = ∂3w

∂x3 .

�¡ëª­®¢¥­­ë¥ ¯à®¨§¢®¤­ë¥ äã­ªæ¨¨ f = f(x):

f ′x ≡ df

dx
, f ′′xx ≡ d2f

dx2 , f ′′′xxx ≡ d3f

dx3 , f ′′′′xxxx ≡ d4f

dx4 , f (n)
x ≡ dnf

dxn
¯à¨ n > 5.

� ¬¥ç ­¨ï
1. � ä®à¬ã« å, á®¤¥à¦ é¨å ¢ëà ¦¥­¨ï â¨¯  f(x)

a− 2
, ç áâ® ­¥ ®£®¢ à¨¢ ¥âáï, çâ® a 6= 2.

2. � ª­¨£¥ ®¡ëç­® ­¥ à áá¬ âà¨¢ îâáï ¯à®áâë¥ à¥è¥­¨ï, § ¢¨áïé¨¥ â®«ìª® ®â ®¤­®© ¯¥à¥-
¬¥­­®©, ª®â®à ï ¢å®¤¨â ¢ ¨áå®¤­®¥ ãà ¢­¥­¨¥.

3. �à¨ ááë«ª å ¢ â¥ªáâ¥ ­  ª®­ªà¥â­ë¥ ãà ¢­¥­¨ï § ¯¨áì ¢¨¤  ó3.1.2.5ô ®§­ ç ¥â óãà ¢­¥­¨¥ 5
¨§ à §¤¥«  3.1.2ô.

4. � ª­¨£¥ ç áâ® ¨á¯®«ì§ã¥âáï ®ç¥­ì ¯à®áâ ï ¨ ­ £«ï¤­ ï ª« áá¨ä¨ª æ¨ï ­ ¨¡®«¥¥ à á¯à®áâà -
­¥­­ëå â¨¯®¢ â®ç­ëå à¥è¥­¨©, ª®â®à ï ­¥ á¢ï§ ­  á ª®­ªà¥â­ë¬ ¢¨¤®¬ à áá¬ âà¨¢ ¥¬ëå
ãà ¢­¥­¨© (á¬. â ¡«¨æã).
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�������
� ¨¡®«¥¥ à á¯à®áâà ­¥­­ë¥ â¨¯ë â®ç­ëå à¥è¥­¨© (¤«ï ãà ¢­¥­¨©
á ¤¢ã¬ï ­¥§ ¢¨á¨¬ë¬¨ ¯¥à¥¬¥­­ë¬¨ x ¨ t ¨ ¨áª®¬®© äã­ªæ¨¥© w).

N0 � §¢ ­¨¥ à¥è¥­¨ï �âàãªâãà  à¥è¥­¨ï
(x ¨ t ¬®¦­® ¯®¬¥­ïâì ¬¥áâ ¬¨)

1 �¥è¥­¨¥ â¨¯  ¡¥£ãé¥© ¢®«­ë* w = F (z), z = αx + βt, αβ 6= 0

2 �¥è¥­¨¥ ¢ ¢¨¤¥ áã¬¬ë
äã­ªæ¨© à §­ëå  à£ã¬¥­â®¢** w = ϕ(x) + ψ(t)

3 �¥è¥­¨¥ ¢ ¢¨¤¥ ¯à®¨§¢¥¤¥­¨ï
äã­ªæ¨© à §­ëå  à£ã¬¥­â®¢*** w = ϕ(x)ψ(t)

4 �¢â®¬®¤¥«ì­®¥ à¥è¥­¨¥**** w = tαF (z), z = xtβ

5 �¡®¡é¥­­®¥  ¢â®¬®¤¥«ì­®¥
à¥è¥­¨¥ w = ϕ(t)F (z), z = xψ(t)

6 �¥è¥­¨¥ â¨¯  ®¡®¡é¥­­®©
¡¥£ãé¥© ¢®«­ë w = F (z), z = ϕ(t)x + ψ(t)

7 �¥è¥­¨¥ á ®¡®¡é¥­­ë¬
à §¤¥«¥­¨¥¬ ¯¥à¥¬¥­­ëå w = ϕ1(x)ψ1(t) + · · ·+ ϕn(x)ψn(t)

8 �¥è¥­¨¥ á äã­ªæ¨®­ «ì­ë¬
à §¤¥«¥­¨¥¬ ¯¥à¥¬¥­­ëå w = F (z), z = ϕ1(x)ψ1(t) + · · ·+ ϕn(x)ψn(t)

* �¡¥ ¯¥à¥¬¥­­ë¥ ¬®£ãâ ¨£à âì à®«ì ¯à®áâà ­áâ¢¥­­ëå ª®®à¤¨­ â.
** �àã£®¥ ­ §¢ ­¨¥ | à¥è¥­¨¥ á  ¤¤¨â¨¢­ë¬ à §¤¥«¥­¨¥¬ ¯¥à¥¬¥­­ëå.

*** �àã£®¥ ­ §¢ ­¨¥ | à¥è¥­¨¥ á ¬ã«ìâ¨¯«¨ª â¨¢­ë¬ à §¤¥«¥­¨¥¬ ¯¥à¥¬¥­­ëå.
**** �­®£¤  à¥è¥­¨ï ¢¨¤  w = �tαF (z), z = �x�tβ , £¤¥ �x = x + C1 ¨ �t = t + C2, â ª¦¥ ¡ã¤ãâ ­ §ë¢ âìáï

 ¢â®¬®¤¥«ì­ë¬¨ à¥è¥­¨ï¬¨.

gr �â¨¬ §­ ª®¬ ¯®¬¥ç¥­ë ááë«ª¨ ­  «¨â¥à âãà­ë¥ ¨áâ®ç­¨ª¨ ¯®á«¥ ãà ¢­¥­¨ï, ª®£¤ :
a) å®âï ¡ë ®¤­® ¨§ ¯à¨¢¥¤¥­­ëå ¢ëè¥ à¥è¥­¨© ¨«¨ ¯à¥®¡à §®¢ ­¨© ¯®«ãç¥­® ¢ æ¨â¨àã¥¬®©

à ¡®â¥ (¤ ¦¥ ¥á«¨ à¥è¥­¨¥ â ¬ ¡ë«® ¯à¨¢¥¤¥­® á óãáâà ­¨¬ë¬¨ô ®è¨¡ª ¬¨ ¢ §­ ª å ¨
ª®íää¨æ¨¥­â å);

b) ¢ æ¨â¨àã¥¬®© à ¡®â¥ á®¤¥à¦¨âáï ¯®«¥§­ ï ¤®¯®«­¨â¥«ì­ ï ¨­ä®à¬ æ¨ï, ®â­®á¨â¥«ì­®
á¢®©áâ¢ à áá¬ âà¨¢ ¥¬®£® ãà ¢­¥­¨ï, ¥£® à¥è¥­¨© ¨ ¯à¨«®¦¥­¨©.


