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Problem 1.18  A small instrument package is released from a space vehicle. We can 

approximate it as a solid aluminum sphere, 4 cm in diameter.  The sphere is initially at 303 K 

and it contains a pressurized hydrogen component that will condense and malfunction at  

30 K. If we approximate outer space to be at 0 K, how long will the instrumentation package 

function properly?  Is it legitimate to use the lumped-capacity method?   

Solution
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Problem 1.39  At what minimum temperature does a black radiator have its 

maximum monochromatic emissive power in the visible wavelength range?  Look 

at Fig. 10.2; then describe the difference between what you might see looking at 

this object in comparison to looking at the sun.   

Solution  In accordance with eqn. (1.28), and using λmax.visible = 0.00008 cm, 

                0.00008 T = 0.2898 cm K.   Therefore T = 3623 K 

The sun radiates at about 5777 K (see Fig. 10.2).  This is a substantially higher 

temperature.  It also delivers its maximum eλ at a much smaller wavelength – one 

at the lower end of the visible range.   

 

Problem 1.40  The local heat transfer coefficient during the laminar flow of fluid 

over a flat plate of length L is equal to F/x1/2, where F is some function of fluid 

properties and the flow velocity.   How does the average heat transfer coefficient 

compare with h(x=L) if x is the distance from the leading edge of the plate? 

Solution:  We use the definition of the average to get:   

                                          ℎ̅ =  
1

𝐿
∫ ℎ 𝑑𝑥

𝐿

0
= 2

𝐹

𝐿
 

 
𝑥1/2

 
|

0

𝐿

= 2 
𝐹

√𝐿
= 2 ℎ(𝑥 = 𝐿)         

Therefore, the average heat transfer coefficient = ℎ̅ = 2 ℎ(𝑥 = 𝐿) 

                                

 

Problem 1.41  An object is initially at a temperature higher than its surroundings.  

We have seen that many kinds of convective processes will bring the object into 

equilibrium with its surroundings.  Describe the characteristics of a process that 

will do so with the smallest net increase in the entropy of the universe. 

 

Solution  Entropy is not a path function.  Any process connecting the initial to the 

final states will yield the same increase of entropy. 

 

          

                                                                   26 

Copyright 2023 John H. Lienhard, IV and John H. Lienhard, V.



Copyright 2023 John H. Lienhard, IV and John H. Lienhard, V.



Problem 1.44: Room temperature objects at 300 K and the sun at 5772 K each radiate thermal
energy; but Planck’s law, eqn. (1.30), shows that the wavelengths of importance are quite different.

a) Find 𝜆max in micrometers for each of these temperatures from Wien’s Law, eqn. (1.29).
b) Using a spreadsheet or other software, plot eqn. (1.30) for 𝑇 = 300 K as a function of

wavelength from 0 to 50 µm and for 𝑇 = 5772 K for wavelengths from 0 to 5 µm.
c) By numerical integration, find the total area under each of these curves and compare the

value to the Stefan-Boltzmann law, eqn. (1.28). Explain any differences.
d) Show that about 1/4 of the area under each curve is to the left of 𝜆max (in other words, 3/4

of the energy radiated is on wavelengths greater than 𝜆max).
e) What fraction of the energy radiated by the 300 K surface is carried on wavelengths less

than 4 µm? What fraction of the energy radiated by the 5772 K surface is on wavelengths
greater than 4 µm?

Earlier versions of AHTT used 5777 K for the solar temperature. The results are nearly identical.

Solution.
a)

𝜆max =
2987.77 µm · K

𝑇 K
=

{
9.9592 µm at 300 K
0.5176 µm at 5772 K

b) The plotting and integration can be done in various ways depending upon what software
is used. The results in Fig. 1 are from an Excel spreadsheet with a step size of 0.2 µm at
300 K and of 0.02 µm at 5772 K.
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(b) 5772 K

Figure 1. Plots of Planck’s law at two temperatures

c) Using the values from Excel, a trapezoidal rule integration gives the area under the curve:

Integrated area =

{
445.2 W/m2 at 300 K
6.261 × 107 W/m2 at 5772 K

28
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The Stefan-Boltzmann law yields (with 𝜎 = 5.670374 × 10−8 W/m2 K4)

𝜎𝑇4 =

{
459.3 W/m2 at 300 K
6.294 × 107 W/m2 at 5772 K

At 5772 K, the integrated value is 99.48% of the Stefan-Boltzmann law, and at 300 K, it
is 96.93%. The principal reason that these values are low is that energy is also radiated at
wavelengths higher than the range of integration.

d) By integrating up to 𝜆max from part a),

1
𝜎𝑇4

∫ 𝜆max

0
𝑒𝜆,𝑏 (𝑇) 𝑑𝜆 =

{
28.4% at 300 K
29.6% at 5772 K

These values are bit more than 1/4 of the total energy, but are often stated as “about 1/4”.
e) Similar integrations show that a 300 K surface radiates only 0.33% on wavelengths below

4 µm and that a 5772 K surface radiates 99.0% on wavelengths less than 4 µm (or 1% on
wavelengths above 4 µm). This fact enables the design of materials that selectively absorb
or reflect solar energy (see Section 10.6).
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Problem 1.46: Integration of Planck’s law, eqn. (1.30) over all wavelengths leads to the Stefan-
Boltzmann law, eqn. (1.28). Perform this integration and determine the Stefan-Boltzmann constant
in terms of other fundamental physical constants. Hint: The integral can be written in terms of
Riemann’s zeta function, 𝜁 (𝑠), by using this beautiful relationship between the zeta and gamma
functions

𝜁 (𝑠) Γ(𝑠) =
∫ ∞

0

𝑡𝑠−1

𝑒𝑡 − 1
𝑑𝑡

for 𝑠 > 1. When 𝑠 a positive integer, Γ(𝑠) = (𝑠 − 1)! is just a factorial. Further, several values of
𝜁 (𝑠) are known in terms of powers of 𝜋 and can be looked up.

Solution.

𝑒𝑏 (𝑇) =
∫ ∞

0
𝑒𝜆,𝑏 𝑑𝜆(1)

=

∫ ∞

0

2𝜋ℎ𝑐2
𝑜

𝜆5 [exp(ℎ𝑐𝑜/𝑘𝐵𝑇𝜆) − 1]
𝑑𝜆(2)

=

∫ ∞

0

2𝜋ℎ𝜈3

𝑐2
𝑜 [exp(ℎ𝜈/𝑘𝐵𝑇) − 1]

𝑑𝜈(3)

=
2𝜋𝑘4

𝐵
𝑇4

ℎ3𝑐2
𝑜

∫ ∞

0

𝑥3

𝑒𝑥 − 1
𝑑𝑥(4)

We are given

𝜁 (𝑠) Γ(𝑠) =
∫ ∞

0

𝑡𝑠−1

𝑒𝑡 − 1
𝑑𝑡

For our case, 𝑠 = 4 and Γ(4) = 3! = 6. Hence:

𝑒𝑏 (𝑇) =
2𝜋𝑘4

𝐵
𝑇4

ℎ3𝑐2
𝑜

𝜁 (4) 3!(5)

=
12𝜋𝑘4

𝐵

ℎ3𝑐2
𝑜

𝜁 (4) 𝑇4(6)

Zeta is a famous function, and the value at 4 has been established to be:

𝜁 (4) = 𝜋4

90
Hence:

𝑒𝑏 (𝑇) =
(

2𝜋5𝑘4
𝐵

15ℎ3𝑐2
𝑜

)
𝑇4(7)

= 𝜎𝑇4(8)
where we have also found the Stefan-Boltzmann constant in terms of fundamental physical constants.
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