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3. #aBiEsN0iEs (Introduction of PDE of 2™ order)
3.1 — otk dEh 5 R oiE A (Introduction to Wave Propagation in 1D)

u, =tané, =siné, | jT+dT
0><+dx
a
- /
u(x, t) u(x+dx, t)

>‘< dex

‘ dx |

REI 2520/ (X, X+AX) EAEHT 5]
Infinitesimal element (X, X+AX) of bowstring in 1D
vibration and forces T (internal tension) applied to it.

WisyZEE2  (Detonations for differential)

u=u(x,t), u G, o, w2
1 ' X aX ' t 6’[ ' XX axz ' tt at2
o EME  (Infinitesimal Amplitude)
0 —>0=cosd -1, sind—->0, tand—0: 6, zg—u
X X
$IE VK - B S FERX (Equilibrium / Motion Equation)
~Tcosd, +(T +dT)cosb,., =0 x-direction
—p-dx-u, —Tsing, +(T +dT)sin 0..=0 y-direction
J
dT =0 x-direction
—p-dx-u, —T(uX —quX):O y-direction
J
T(x,t)=T(x+dx,t) x-direction
T (T Uy, ax — Uy j : :
U, =—u, =| ———— y-direction
p p dX dx—0
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4. A hEXORIAAR (Analytical solution of PDE)

4.1 JrE) R D’ Alembert fi# (D’ Alembert’s Solution for Differential Equations for Wave
Propagation)

Differential Equation
u, =V, (—oo<x<ow, 0<t<ow) (1)

Initial Conditions: We must two initial conditions to solve wave propagation with second differential

equation
u(x,0)= f(x)
{UI(X,O):Q(X),(_OO<X<OO) (2)

D ’Alembert s Solution
1.- Replacement: {x,t}= {&, n}

E=Xx+Vt
{ ©)
n=x-Vt
u,, =0 (4)
u, =u; +u,
U, :V(ug—u,]) )
Uy =Ug +2U, +U,,
u, =V Z(Uég +2U,, + uw)
2.- Integration
un(f, 77): ¢(77) ; Arbitrary Function ¢(77) as 7 (6)
u(g, 7)=o(n)+6(¢) (7)

Arbitrary Function 8(&) as &

®(n)=[#()dn
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3.- Replacement: {&, n}= {x,t}
u(x, t)=g(x —Vt)+0(x+Vt) ®)
u u
V: propagation velocity A

4.- Initial Condition:

u(x, t)=g(x—Vt)+(x+Vt)

{u(x,o f(x)
ut(x,O :g(x)

~
Il

u(x, t):%[f (x=Vt)+ f(x+Vt)]+

t=2/V

9)
(10)
11)
(12)
1 X+Vt ( )
- J9l&)ds (13)
2\/ XJ.Vt
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- 4% 1A 4R (Characteristic Curve)

Example-1
Initial condition
{ u(x,0)= f(x
(14)
u,(x,0)=g(x)=0
u(x,t):%[f(x—Vt)+ f(x+Vt)] (15)
characteristic curve
X=Vt =x, —Vt,
(16)
X+Vt=x, +Vt,
at
X +Vi=0 U(Xa’ ta)
7 X-Vt=0
N +Vt=x, +Vt,
(x,-Vt,, 0) 0 (x,+Vt,, 0)
Example-2
1 (-1=x<1)
u(x,0)= f(x)= .
(x,0)=f(x {O the other points (17)
u,(x,0)=0
Characteristic curve
x=-1lorl,t=0
X=Vt=+£1
(18)
{x +Vt =41
AU
1
» X
1 0 1
AU
1
112 1/2
| | || |
1 0 1
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