
Initially, the sphere at temperature T and radius r radiates to deep space at temperature T0 with a heat 

flow at the surface of the sphere of: 

1) Q = 4πr2σ(T4 – T0
4) 

As a function of distance ‘d’ from the surface of the sphere, the heat flow from the sphere would be: 

2) Q = 4πr2σ((r/d)2T4 – T0
4) 

At the distance where Q = 0 the energy from the sphere merges into the background energy flux 

sustaining T0; beyond this distance the sphere can provide no more heat than T0 would provide, and so 

the equation isn’t meaningful beyond that distance.  This distance is  

3) d = rT2/To
2. 

Given that an ambient environment exists at T0, the sphere would naturally have a minimum 

temperature of T0 if it did not produce any power of its own.  Therefore the additional power which the 

sphere must be producing in order to sustain its own temperature T is  

4) P = 4πr2σ(T4 – T0
4)  

which is the same as equation 1, but equation 1 is only valid for heat Q directly at the sphere’s surface; 

equation 2 is the general equation for heat Q from the sphere at any distance. 

When the shell with radius R is fitted, the sphere transfers heat to the shell at the rate given by 

5) Q = 4πr2σ((r/R)2(T4 – T0
4) – (T1

4 - T0
4)) 

where T1 is the temperature of the shell.  The T0 term must be subtracted from each of the sphere and 

shell temperatures because this removes the power from the sphere and shell already supplied by the 

ambient environment at T0; neither the sphere nor the shell is responsible for the T0 portion of their 

own temperatures, and only their temperatures above T0 are sustained by the power generated from 

the sphere and only the temperatures and powers above T0 contribute to the heat flow gradient. 

And, the shell then transfers heat to deep space at a rate directly at its surface of 

6) Q = 4πR2σ(T1
4 – T0

4) 

 

or as a function of distance d from the shell surface as 

 

7) Q = 4πR2σ((R/d)2T1
4 – T0

4) 

The power that the shell radiates to space is given by equation 6,  

8) P’’ = 4πR2σ(T1
4 – T0

4) 

but this expression is only valid for heat Q directly at the shell’s surface.  This must represent the 

additional power that the sphere is providing to the shell from the sphere’s power output. 

For conservation of energy, the additional power that the sphere produces of P = 4πr2σ(T4 – T0
4) must be 

equal to the additional power that the shell radiates to space of P’’ = 4πR2σ(T1
4 – T0

4), i.e. P = P’’.  And so 



9) 4πr2σ(T4 – T0
4) = 4πR2σ(T1

4 – T0
4) 

This equation has one-too-many unknowns to be solved as written, however, since we know that 

conservation of energy will apply when the system reaches thermal equilibrium because at that point no 

more thermal energy will be being gathered into the shell and then all inflows must equal all outflows, 

then we can solve for T1 via equation 5 at thermal equilibrium between the sphere and the shell, i.e. 

where Q = 0 for equation 5.  The solution for T1 when Q = 0 for equation 5 is 

10) T1
4 = (r/R)2T4 + T0

4(1 - (r/R)2) 

If we then substitute equation 10 for T1 into equation 9 for conservation of energy to reduce terms we 

then have 

11) 4πr2σ(T4 – T0
4) = 4πR2σ((r/R)2T4 + T0

4(1 - (r/R)2) – T0
4) 

Demonstrating the collection of terms for the right hand side of equation 11, we have 

4πr2σ(T4 – T0
4) = 4πR2σ((r/R)2T4 + T0

4 - T0
4(r/R)2 – T0

4) 

4πr2σ(T4 – T0
4) = 4πR2σ(r/R)2(T4 - T0

4) 

4πr2σ(T4 – T0
4) = 4πr2σ(T4 - T0

4) 

which is an identity, and thus the extra power produced from the sphere is conserved on the outside of 

the shell. 

 


