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Engineering Mathematics

Instructor: 
Dr. Farhad Bayat

Zanjan University

Email:  bayat.farhad@gmail.com

In the name of God
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Partial Differential Equations (PDEs)

1. The mass of the membrane per unit area is constant

(“homogeneous membrane”).

2. The membrane is stretched and then fixed along its entire

boundary in the xy-plane.

3. The deflection u(x,y,t) of the membrane during the motion is small

compared to the size of the membrane, and all angles of

inclination are small.
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Partial Differential Equations (PDEs)

Remark:
The tension T is the force per unit length.

These components along the right side and 
the left side are (Fig. 301), respectively,
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Since the angles are small, then:
Remark:

Similarly, the resultant of the vertical components of the forces acting on the 
other two sides of the portion is:

where:

where:
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M a F=*
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OR
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Partial Differential Equations (PDEs)

Two ODEs for H(x) and Q(y).

Determine eigenfunctions umns, that satisfy the 
boundary condition (2).

Determine whole solution u(x,y,t) that satisfies the 
initial conditions (3a) and (3b).

Solution Steps:Solution Steps:
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Partial Differential Equations (PDEs)

The PDE (5) is called the two-dimensional Helmholtz equation.
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Boundary Conditions:
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Similarly:
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Partial Differential Equations (PDEs)

We obtain:
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Recall “time function” ODE ( equation (4) ):
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To obtain the solutions that also satisfies initial conditions (3), 
we proceed as:

Zanjan University Zanjan University Zanjan University Zanjan University Zanjan University

Zanjan University Zanjan University Zanjan University Zanjan University Zanjan University

Zanjan University Zanjan University Zanjan University Zanjan University Zanjan University

Partial Differential Equations (PDEs)

coefficients of double Fourier can be determined 
as follows:
Let:
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Then, proceeding as before, we find that the coefficients are

Solution Completed…
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Then we obtain:
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