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1.0 Integrating Sphere Theory

The integrating sphere is a simple, yet often misunderstood
device for measuring optical radiation. The function of an
integrating sphere is to spatially integrate radiant flux.
Before one can optimize a sphere design for a particular
application, it is important to understand how the
integrating sphere works. How light passes through the
sphere begins with a discussion of diffuse reflecting surfaces.
From this, the radiance of the inner surface of an integrating
sphere is derived and two related sphere parameters are
discussed, the sphere multiplier and the average reflectance.
Finally, the time constant of an integrating sphere as
presented is relevant to applications involving fast pulsed or
short lived radiant energy.

1.1 Radiation Exchange Within a Spherical
Enclosure

The theory of the integrating sphere originates m the theory
of radiation exchange within an enclosure of diffuse
surfaces. Although the general theory can be rather
complex, the sphere is a unique, yet simple solution to
understand.

Consider the radiation exchange between two differential
clements of diffuse surfaces.
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The fraction of energy leaving d4, and amriving at d4, is
known as the exchange factor di g, 4, . It is given by:

cos 6 cos 6,
Iﬂl

EQ. 1

dpdl-dzz aIA-}.

Where 8, and 6, are measured from the surface normals.

Consider two differential elements, 4 ; and dz[_j inside a
diffuse surface sphere.

o

.2
FIGURE 2

Since the distance & = 2Reos, = 2Reosf,:



FIGURE 1
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ROt RS

4R? EQ.2

The result 1s significant since it is independent of viewing
angle and the distance between the areas. Therefore, the
fraction of flux received by d, is the same for any radiating
point on the sphere surface.

[f the infinitesimal area d/, instead exchanges radiation with
a finite arca A, then Eq. 2 becomes:

Wdl-azzﬁ‘[,!d‘l::i.

4m EQ. 3
Since this result is also independent of dAj :
A A
FI .= 2 - = 2
4mR* A, EQ. 4

Where A, is the surface arca of the entire sphere. Therefore,
the fraction of radiant flux received by A, is the fractional
surface area it consumes within the sphere.
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