
Temperature distribution in a hot plate

Calculate the temperature distribution f in a circular hot plate
with an insulated edge at radius a .
Work in plane polar coordinates (r , φ).
Heat flow equation for temperature f (r , φ, t)
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Separate variables: Try f (r , φ, t) = R(r)Φ(φ)T (t). Substitute
and divide by RΦT .
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Space part: Multiply by r2 and rearrange
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Equation for Φ
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with general solution Φ = A cos mφ+ B sin mφ



But solution must be periodic on φ→ φ+ 2π, so m must be
integer.
Radial equation
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- Bessel’s equation with solutions Jm(kr) and Nm(kr).
Boundary conditions: i) R(r) must be finite at r = 0 - regular
Bessel functions, R(r) = Jm(kr)
and ii) at edge of plate R′(a) = 0, so J ′(ka) = 0
so ka must be a stationary point of Jm(x) and the allowed
values of k are quantised.
Finally, T :
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where γ = Dk2 and so T (t) = Ae−γt .



Full separable solutions are:

f (r , φ, t) = Jm(kr) (Am cos mφ+ Bm sin mφ) e−γt

General solution is a linear superposition of these.


