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T-3.   Heat Transfer: 
 Conduction and Radiation 
 
 

Teaching Notes 
 
THE MAIN POINT 

 
Part 1: Conduction 
 
1. Reconcile the heat flow equation with common sense and experience. 
 
2. Practice using the heat flow equation with calorimetry considerations. 
 
3. Introduce the concept of what heat flow is and why the heat entering a point should equal 

the heat leaving a point in these problems. 
 
Part 2: Radiation 
 
1. Understand the role that radiation plays in heat transfer. 
 
2. Practice using emission and absorption equations. 
 

 
SAMPLE LESSON PLAN 
 

 
 Part 1: Heat flow by conduction (approximately one hour) 

Mini-Lecture....................... 10 min. 
Discussion Questions 1, 2 ..5 min. in groups, 5 min. GSI-led discussion.  
Discussion Question 3-6.....15 min. in groups, 10 min. GSI-led discussion and boardwork.  
Problems ..............................10 min in groups, 10 min. GSI-led discussion and boardwork.  

 
       Part 2: Radiation (approximately 50 minutes) 
       Mini-Lecture...................... 10 min. 
       Discussion Questions........ 10 min. in groups, 10 min. GSI-led discussion and boardwork. 
       Problems............................ 10 min. in groups, 10 min. GSI-led discussion and boardwork. 
 
 

Part 1: Conduction 
 
 
GENERAL TEACHING SUGGESTIONS 
 
Composi te rods.  Look at the composite rod setup shown in Discussion Question 6.  Students will 
come into your class with the firm belief that in this situation, the rate of heat flow through the 
metal is much greater than the rate of heat flow through the wood. 
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And why shouldn’t they believe that?  We all know that heat flows more easily through metal than 
through wood.  Your job is not to disabuse them of this notion; rather, your job is to make them see 
that the temperature distribution will do whatever it has to, in order to neutralize the metal’s 
“natural advantage.”  (The steady-state assumption plays a crucial role here.) 
 
So yes, heat flows more easily through metal---but not if there’s only a 10C temperature difference 
across the metal, as compared to a 1990C temperature difference across the wood. 
 
Understanding this point is perhaps the most important goal of the worksheet. 
 
Students tend to use inconsistent sign conventions in composite rod problems.  I feel that the 
textbook’s version of the heat flow equation contributes to the confusion here.  I give the following 
rule:  Always subtract temperatures in the order (Tright - Tleft).  This will ensure consistency.  At 
the end of the problem, use common sense to put in the arrows for the heat flow itself.  (“Heat flows 
from hot to cold.”) 
 
Sophisti cation.  If someone asks where the 7B heat equation comes from, you can offer to take them 
through a “derivation” during office hours.  By the way, I would not bother mentioning that it is a 
simplified form of the “real” heat flow equation (for the special case of a steady-state temperature 
distribution and a plane-parallel geometry). 
 
The 7B heat equation can actually be used for problems with curved geometry, but only if the area 
term A is interpreted properly.  I would not spend any time on this in section.  There are problems of 
this kind in the textbook, but if your professors assign them, you can take it up during office hours. 
 
Terminology.  It may seem like a small point, but I feel it helps the students if we use precision when 
talking about conduction.  Try to remember to say, “The rate of heat flow” instead of just “the heat 
flow.”  This will help them remember that they are dealing with the power transmission across a 
surface.  If nothing else, they’ll get the units right! 
 
Continui ty.  The heat conduction worksheet is kind of an interruption in the conceptual flow of the 
material.  Rather than bending over backwards to make connections, I would admit as much to the 
students.  Tell them where we’ve been, and tell them where, shortly, we’ll be going. (In the last hour 
we were talking about heat and changes in temperature, and in T-3 we take the natural next step, 
that being the First Law.) 
 
 
SAMPLE MINI-LECTURE AND BOARD SUMMARY 
 
Heat conduction is a pretty familiar process.  So you should be able to dive into the worksheet 
without much explanation.  For those who haven’t been to lecture, however, you might briefly 
introduce the topic.  Include in your introduction some of the many everyday examples of heat 
conduction.  (Some of these appear in Discussion Questions 1 and 2.) 
 
Write the heat conduction equation on the left side of the board, and leave it there for the entire 
section.  Also write there in words what each term in the equation means.  Include a fully 
labeled diagram of a rod, perhaps with fire at one end and ice at the other.  (Use arrows to 
represent the heat energy flowing in the rod.) 
 
Point out that the temperature of the rod at one end is high, and that the temperature at the other 
end is low.  Thus the temperature varies across the rod, from high to low.  (Not all of the 
students realize this at first.) 
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I like to talk about the (T2-T1) term as a “driving force” for the heat flow.  The larger the 
temperature difference, or “driving force,” the greater the rate of heat flow. 
 
Also write something like, “Presupposes a STEADY STATE temperature distribution.”  The phrase 
“steady state” will be unfamiliar to your students, so you will have to explain this term clearly.  It 
doesn’t mean that the temperature is the same everywhere in the rod.  It means that at a given point 
in the rod, the temperature doesn’t change with time.  This is usually an idealization, of course, a 
question of relevant time scales, but students probably won’t call you on it. 
 
 
REMARKS ON THE DISCUSSION QUESTIONS AND PROBLEMS 
 
Discussion Question 1 
 

If people are struggling with this question, it might be because they are taking for granted what 
i t i s that we feel  when we “feel something cold” or “feel something hot.”  They may believe that 
when they touch something, their skin is registering temperature values.  However, as this 
question demonstrates, when we “feel that something is cold or hot,” our skin is not acting as a 
thermometer.  Apparently, it is closer to the truth to suppose that our skin is acting as a heat 
flow rate meter .  You may have to nudge the students away from the “skin as thermometer” 
theory. 

 
Discussion Question 2 
 

If people are struggling with this question, it might be because they are taking for granted what 
i t i s that we feel  when we “feel something cold” or “feel something hot.”  They may believe that 
when they touch something, their skin is registering temperature values.  However, as this 
question demonstrates, when we “feel that something is cold or hot,” our skin is not acting as a 
thermometer.  Apparently, it is closer to the truth to suppose that our skin is acting as a heat 
flow rate meter .  You may have to nudge the students away from the “skin as thermometer” 
theory. 

 
Discussion Question 3 
 

It is fine to use a vague symmetry argument here.  The next three questions will tease out the 
subtleties. 

 
Discussion Question 4 
 

The effect of the area term on the rate of heat flow is perhaps best explained by using a water 
flow analogy.  In this situation, it is pretty clear that if you double the pipe area, you double the 
rate of water flow. 
 
Draw arrows in the pipe to represent the heat flow.  Then when the area is twice as large, you 
can draw twice as many arrows.  This is a graphic way to make the point. 

 
Discussion Question 5 
 

When wrapping up this question, point out (i) that the “driving force” is the same for the metal 
rod as it was for the wooden rod in question 3 (ΔT=2000C); but (ii) the 2000C driving force results 
in a greater rate of heat flow in the metal rod, because metal has a “natural advantage” over 
wood when it comes to heat conduction. 
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Discussion Question 6 
 

For part (a), many students’ intuition will tell them (correctly) that a composite metal/wood rod 
will be better than a homogeneous wood/wood rod, simply because you replace a certain amount 
of lousy conductor (wood) with better conductor (metal).  But once in a while, a student will 
propose the “weakest link” theory:  namely, the composite rod is only as good as its weakest link.  
It’s as if the wood creates a traffic jam for the heat flow, limiting it to the same 50 J/sec rate of 
flow. 
 
This is a subtle misconception.  One way to combat it is to point out that the “weak link” in the 
composite rod, the wooden half, is only half as long as it was in the original case.  The shorter 
segment shouldn’t pose as much resistance as the longer segment did; hence, the rate of heat 
flow should be greater than 50 J/sec. 
 
The more important parts of this question are (b) and (c).  Here is where you have to explain why 
the rates of heat flow are the same in the two halves of the rod.  I like to do this in two parts:  
First, I explain what would go wrong if the rate of heat flow into the midpoint were greater  than 
the rate of heat flow out of the midpoint.  Namely, over time we would be dumping heat energy 
into the region near the midpoint, and this region would “heat up;” that is, the temperature in 
this region would increase.  This contradicts our assumption of a steady-state temperature 
distribution.  In short:  A steady-state temperature distribution implies that the rate of heat flow 
is the same everywhere in the rod, regardless of its composition. 
 
This is a subtle argument, and somehow it never seems to carry that much weight with the 
students.  I think the reason is that it’s a “negative argument.” I claim X, not because X is clearly 
true, but rather because X can’t be false. 
 
Here is where the second part of the explanation comes in:  It’s true that heat flows better in 
metal than in the wood, but only i f the Òdr i ving forceÓ is the same i n both cases.  See the General 
Teaching Suggestions above (under “Composite rods”).  Once you understand that the 
temperature difference across the metal turns out to be small, while the temperature difference 
across the wood turns out to be large, then you will have a posi ti ve reason for believing that the 
rate of heat flow is the same in both rods. 

 
Probl em 1 
 

When you present this problem at the board, push a basic strategy.  First draw a picture, labeled 
with the unknown temperature Tmid.  (Remind them that we decided in Discussion Question 6 
that Tmid will be greater than 1000C.) 
 
The real starting point for solving the problem is now the statement, hopefully plausible by this 
time, that the “Rate of heat flow through metal = Rate of heat flow through wood.” 
 

Board organization for Problem 1 
 

Diagram labeled with knowns and unknowns. 
 

“Rate of heat flow through metal = Rate of heat flow through wood.” 
 

 

 
etc. 
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Draw attention to this strategy, and especially the starting point.  It may take the students some 
time to master these problems, because the strategy is indirect.  (The immediate goal is to find 
Tmid, and yet we begin the solution with an abstract statement concerning the heat flow.)   
 
Don’t worry if you don’t take the time to finish the calculation here. The main point to emphasize 
is the starting point. 
 
 

 
Probl em 2 

 
Students have trouble with this, because it requires thinking both about calorimetry and the 
rate of heat flow. (Many will also stop because they don’t know the area A, and so think they 
can’t use the relation they have for H.) 
 
As always, make sure that they’ve drawn a picture so that they have something to label. Adding 
an arrow to show the heat flow will help some of them visualize what is going on. Make sure they 
recognize that they’re looking for Δx/Δt, the rate at which the height of the slab of ice grows. 
 
Try to step them through: 
•  How much heat must flow to freeze Δm of ice? 
•  How can we write Δm in terms of ρ, Δx, and A?  (No, we don’t know A, so let’s hope it drops 

out.)  
• Can we relate H to the rate Δm/Δt at which the ice freezes?  in terms of ρ, Δx, Δt, and A? 
 
Again, don’t worry if you don’t have time to plug numbers into everything (especially given the 
various unit conversions).  The point to emphasize is the set-up, which is very similar to one of 
students’ homework problems this week. 

 
 

Answers to Problems 
 

1. a) Tmidpoint = 187 C 
 b) H = 0.1 W 
 
2. 0.4 cm/hr (= 1.1 x 10-6 m/s) 

 
 
 

Part 2: Radiation 
 
GENERAL TEACHING SUGGESTIONS 
 
To Be Added 
 
SAMPLE MINI-LECTURE AND BOARD SUMMARY 
 
To Be Added 
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REMARKS ON THE DISCUSSION QUESTIONS AND PROBLEMS 
 
Discussion Question 1 
 

Use this question to introduce the students to the power of symmetry in physics problems.  
We will use symmetry immensely when we get to electromagnetism! 

 
Discussion Question 2 
 

Again, this question deals with symmetry.  Also, you can use this problem to discuss the 
concept of emissivity.   

 
Discussion Question 3 
 

Physics applies to everyday life!  Another one with emissivity.  You are not responsible for 
your response if someone asks if it’s after Labor Day or not. 

 
Discussion Question 4 
 

Use this question to make sure that the students understand the concept of the steady state.  
Be sure to distinguish between a steady state situation and an equilibrium situation. 

 
Discussion Question 5 
 

The question of cross-sectional area versus surface area is what tends to trip up students.  
Use this question to explain the difference in these physics problems and why one is 
applicable and not the other.  As an example, you might consider bringing in a flashlight and 
a golf or ping-pong ball and seeing how much light the ball blocks. 

 
Discussion Question 6 
 
 Practice in understanding the emission equation. 
 
Discussion Question 7 
 

Motivate this question by explaining that if a ball of temperature T is in a room with the 
same temperature, then there is no net heat flowing out of or into the ball!  Use the radiation 
equations to show how this comes about. 

 
Probl em 1 
 

Practice with working with the radiation equation.  Also deals with conservation of energy, 
symmetry, and, implicity, the concept of a power flux!  When presenting this problem, be 
sure to draw a nice big picture and really explain the use of an imaginary sphere 
surrounding the sun with a radius of the earth-sun distance.  We will be dealing with 
imaginary surfaces a great deal in electromagnetism.  Also, this shows how the 1/r2 laws 
really only depend on the fact that we live in a three-dimensional space! 
 
Practice with working with steady-state situations.  Also, this problem shows how our 
oversimplification in making a model of the earth-sun system gives a rather reasonable 
answer! 
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Probl em 2 
 

Practice with working with steady-state situations, radiation and calorimetry! 
 
 

Answers to Problems 
 
1.  a) S = σ(rS/r0)2 (TS)4 

 
     b) S = 1360 W/m2 
 
     d)  T = (S/4σ)1/4 = (rS/2r0)1/2TS = 278 K! 
 
2.  a)  Pnet gain = εσA(Toven4 – T(t)4) 
 
      b)  dT/dt = (εσA/mc) (Toven4 – T(t)4) 


