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= 12.1: Separable Partial Differential Equations
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= 12.7: Orthogonal Series Expansions

= 12.8: Higher-Dimensional Problems



12.1: Separable Partial Differential Equations L an® 2015

e Linear Second-Order PDE:
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» Finding general solutions is very difficult
Not all that useful in applications

» Finding particular solutions of
some of more important linear PDE
appearing in many applications



Separation of Variables

e Assume:
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Example 2: Separation of Variables
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If wz,y = X(z)Y(y)
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X"y

(constant)
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e Case 1: If A =0,

X// Y/
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4 X Y

= u(z,y) = X(z) Y(y)
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e Case 2: If A= —a? < 0O,
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= u(z,y) = X(z) Y(y)
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e Case 3: If A\ =a? > 0,
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= u(z,y) = X(z) Y(y)



12.1: Thm 12.1.1: Superposition Principle o L an® 2015

IF U1($,y),U2(CU,y),°°' ,uk(:c,y) are

solutions of homogeneous linear PDE

THEN u(z,y) = crui(z,y) + coun(z,y) + - - + cpup(z, y)
Is also a solution,

where cq1,co, - , ¢, are constants.

w(oy) = 3 opup(ay)
k=1
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A - B C—— D — FEF — Fu = 0
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A, B,C,D, E,F are real numbers
Is said to be
( if B2 —4AC 0 ( Equation)

if B2 —4AC 0 ( Equation)

if B2 —4AC 0 ( Equation)



Example 3: Classifying Linear 2nd-Order PDEs
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A=3,B=0,C=0

B2 — 4AC 0

B? — 4AC 0



Engineering Problems (12.2)
e One-Dimensional Heat Equation:
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e One-Dimensional Wave Equation:
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e Two-Dimensional Form of
Laplace Equation:
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FIGURE 12.2.1 One-dimensional
flow of heat
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(a) Segment of string (b) Enlargement of segment

FIGURE 12.2.2 Flexible string anchored atx = Qandx = L

Thermometer

Temperature as a function
of position on the hot plate

FIGURE 12.2.3  Steady-state temperatures in a rectangular plate



Summary - 12.1: Separable Partial Differential Equations P52 e ot
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( Hyperbolic if B2—4AC >0 (Wave Equation)

{ Parabolic if B2—4AC =0 (Heat Equation)

Elliptic if B2_—4AC <0 (Laplace Equation

\



