
MATH 360-2, Winter 2011 MENU Applied Analysis

Basic Heat Formulas

Here are the fundamental formulas about heat used in class.

1.) Heat will be taken to be energy transfered from one body to another with
a different temperature. Here “body” means a thermodynamic unit; thus, heat
can be transfered from a coffee cup to the environment.

2.) (Heat and time) The rate of heat change in a body is proportional to the rate
of temperature change. If Q = Q(t) is the heat and T = T (t) is the temperature
then
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where m is the mass of the body and c – the specific heat – is a constant which
depends on material of the body.

3.) (Newton’s Law) Given an object in an environment, the rate of heat change
is proportional to the difference between the temperature of the object and the
temperature of the environment. Thus:

dQ

dt
= hS (T − Te)

where S is the surface are and h is a constant depending on the environment
(“the wind chill factor”). Combining this with Equation (1) gives

cm
dT

dt
= hS (T − Te). (2)

4.) (Heat and space) The heat flux is rate of heat flow per unit area. Fourier’s
Law says that flux is proportional to the gradient of temperature. Thus, given
a solid body and a point z = (x, y, z) in the body we have

J(z) = −k∇T (z)

where J(z) is the heat flux and k is positive constant – as the gradient points in
the direction of greatest temperature and heat flows the opposite direction. If
temperature only depends on the x direction, as in a bar with insulated sides,
then J(x) only depends on x and

J(x) = −k
dT

dx
(x). (3)



5.) (The heat equation) Combining Equations 1 and 3 in an analysis of a bar
with constant cross section and and insulated sides yields the heat equation,
where T = T (x, t) is now a function of time and space:

∂T

∂t
=

k

cm

∂2T

∂x2

or
ut = αuxx (4)

where α > 0 is a constant. The initial and boundary conditions depend on
problem.


