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It is a pleasure to be able to take part in a celebration of these two landmarks in
Prof. Lindenfeld’s life.

•I, along with most physics majors from the Rutgers class of 1965, had Peter for three
classes (well, maybe two and a half): the semesters of the introductory electricity and
magnetism course, the junior-level E & M course itself, and a senior-level course on solid
state physics.

•The quiz with an electric circuit that had a wire dangling.

•The day we learned of Niels Bohr’s death, and the Bohr anecdote we heard

•Distributed transmission lines in E&M! Such an obvious idea! Why hadn’t it occurred to
me before?

•Calculating the flux in one object due to another and really discovering mutual inductance
on a homeowrk problem

•Being late to E&M class because I was delayed at Dean Torrey’s office getting permission
to take graduate courses my senior year, being embarrassed, but nevertheless contributing. I
hadn’t wanted to miss a class!

•The last class in Solid State Physics before Peter took his trip to India.

•The letters about walking in Chandi Chowk and eating silver on food.

•The way he draws vectors.

•Discussing relativity with Peter.

•His example of a committed teacher was important for me, in any case.

•His work with AAPT, and high school teacher outreach.

•He pushed me into a life as a teacherby nominating me to be a Woodrow Wilson Fellow

•Doktorvater, or doctor-father → baccalaureate father.

•The Contemporary Physics Education Project.

•A wake-up call. You, too, need to be involved in reaching out.

•A salute—this celebration of a full professional intellectual and emotional life!





One of Fizz’s students has built a circuit with batteries and
bulbs to challenge Fizz’s understanding of circuits. Assume
the bulbs used were identical in all respects and that the
wires are ideal wires.

Six bulbs are connected to a battery. A switch may be closed between the parallel wires
connecting bulb D.

Fizz has been sick and asks you, his best student, to help
him prepare to answer the student. Give qualitative answers
with explanations as you might expect Fizz to give to help
him out. (24 points; 6, 6, 12)
a. The student asks Fizz to explain the relative brightnesses
of the bulbs before the switch is closed. Explain. (6)
b. The student asks Fizz to explain what will happen to the
brightnesses of the bulbs after the switch S is closed.
Explain. (6)
c. The student asks Fizz to describe, for the configuration
shown, the

i) currents through each bulb before and after the
switch is closed. Explain.

ii) the total current in each case. Explain.
iii) the equivalent resistance of the circuit. Explain.
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Students do not really understand how light and atoms interact.
Hilda says, in an interview, “Photons have atoms in them, maybe.”
The interviews give an interesting picture of the interaction of
photons and electrons. This is from Jeremy’s interview; we have him
seeming to say that both gaining and losing light involves energy
gain for the atom:
I: What? Would anything special happen when an electron is

taken away and put back?
S: It produces energy. (inaudible) then fission or fusion would

melt that thing. (inaudible) It’s not fission or fusion.
I: It’s not fission or fusion, but are you still saying that energy is

produced?
S: Energy’s produced.
I: Is that when an electron is lost or when it’s gained or both?
S: Both.
And later, he says that photons change the bonds in atoms.
I: So, when light is coming at this atom, the first thing it comes

across is the electron, and if it transfers energy to the atom as a
whole, and the first thing it comes across is the electron, what
do you think ...

S: Probably the electrons. It’ll transfer it to the electrons. The
electrons will collect the energy from the light and it’ll transmit
it to the rest of the atom somehow. It might stay in the
electrons, and it might ... speed up, or cause it to get a stronger
bond to it.

Adam also thinks that bonding depends on absorption of photons
(which I suppose it does, in the QED way). He seems to believe that
eventually the interatomic bonds would become enervated.
I: Now, let me ask you if you think an atom changes when it

gives off light.
S: Yeah. Like I said, I think it tries to get back to its original state.

When electrons are added to it, it tries to go back to the state it
was before. But, you know, it keeps throwing off the energy as
light. I think eventually, it would weaken whatever bond it had
to the other atoms.

I: Why do you think that?
S: Because you know, it’s energy and electrons are being added

to it and being taken away, in this process of back and forth,
and I think it weakens it to the point where it’s not going to
bond to another atom.



Dan has a slightly different view, seeming to think that when photons
come at the atom, the light is just kept there for a nonce, as the
excerpt shows.

I: You think that atoms can take and interact with light.
S: The electron stores photons.
I: Okay, so the electron stores photons.
S: Yeah. Somehow. I ... I don’t know what I want to say. (laughs)
I: Go ahead.
S: I want to say in a spark, you’d see a light.
I: Right.
S: If you see something sparking, that’s electrons traveling. I want

to say they give off a photon at that point. You’d see that light.

Dan’s picture has elements of the canonical picture, but also
differences from it. Light is emitted from atoms in sparks? Hm.



a. Wall oven   b. Range

c. Microwave oven d. X-ray machine

          e. Light bulb f. Television

              
Rank the above in terms of their hazards from most to least:                                                                                  
Explain your reasons for your ranking.

Above we see pictures of six devices that we asked six students in
interviews to rate according to their perceptions of hazards associated
with their use.



Three of these “hazards”—microwaves, x rays, and gamma rays—
were studied in a survey taken by several hundred students. Many of
them believe microwave ovens to bring many hazards: microwaves, x
rays, γ rays.

Table 1 Ranking Six Hazards (N = 5)

ranking std. dev.
x-ray machine 1 0
microwave oven 3.00 0.87
range 3.60 0.57
wall oven 4 0.50
television 4.10 0.76
light bulb 5.50 0.43

____ photons that hit the body are hazardous to a person's health.
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Gamma rays, x rays, and microwaves are seen as hazardous to health by
roughly equal proportions of students. Sample sizes are Nγ ray = 201,
Nx ray = 103, and Nmicrowave = 304.



These students think microwave ovens are hazardous, at least as
compared to everything else but the x-ray machine. When our
students were asked about the hazards associated with microwaves, x
rays, and γ rays, they told us interesting things.

Chester and John think that microwaves “might be able to burn
you” and Chester thinks that “prolonged exposure can cause
cancer.” About x rays, Alice thinks that “[i]t can lead to infertility”
and “if you had enough, you could probably become radioactive.”
Amber thinks that both x rays and γ rays “cause mutations” and
“maybe you could cook your insides.” Chester opines that “an
intense amount of x rays probably cause cancer,” they would
“damage some of your cells or something so they have to
reproduce,” “make them more likely to become malignant,” and
“might hurt your skin cells.” John thinks x rays “disrupt the
structure of your DNA somehow.” Kathryn says “I am not sure
what would cause damage by [x rays] but I think that it has
something to do with the high frequency of it.” Alice thinks that if
you are exposed to γ rays, “eventually you would be radioactive.”
Chester thinks a person would “probably get burned” by γ rays.
John thinks that γ rays are “a lot more intense” [than x rays].



In a different interview from another set of interviews, rating different
locations for radioactivity (not the one above, but one containing two
of the same locations, the x-ray machine and the microwave oven),
Viola rates the x-ray machine and microwave oven the greatest
hazards, and says, in response to the question

I: In the microwave oven, where is the radioactivity there?
V: I mean, it seems like, I don’t know,
I: I am just asking because you rated those at most high.
V: Right, because I learned in school that they [referring to the x-
ray machine and microwave oven] give off radioactivity, there is [sic]
radioactive problems with these, but I never really understood how
that works. And I think if there were atoms in here, they would be
unstable all the time, like even when the microwave machine was off.
And it would be radioactive all the time. So I mean the only thing
that I could figure, when you start moving the electrons around when
you are heating them up, I think that is how it heats up, is it causes
the atoms to speed up, the molecules to speed up, and maybe that
causes it let go of some neutrons, or causes it to become unstable and
releases radioactivity.”



Radioactive decay is problematic for students as well. Apparently
there are many sources for their ideas about this part of physics.
Research has shown that students confuse contamination and
irradiation., and that their model of half-life includes halving the mass
and volume of the decaying substance.1, 2 In addition, Prather has
identified a valence electron model of radioactivity. Our interview
subjects exhibited these characteristics and more. Jill, Sharon,
Sybille, and Viola plan to be teachers. We interviewed them to
determine their views about radioactivity and radiation. Here’s what
Sybille has to say about decay.
S: When you say lose 10% of the atoms every day, then you

mean they turn into another type of atom because they are
losing things electronically? Is that what you mean?

I: They are losing something, we could probably turn it around
and ask what you think is happening.

S: Well, they are losing electrons, I think, that is what I
understand.

Shown on this sheet are four (4) different
samples of radioactive gas. The samples
differ in the element and the amount of
the element present. Radioactive uranium-
235  has a half-life of 700 million years,
and radioactive carbon- 14 has a half-life
of 5730 years. The specific amount of
each sample is given in each figure.

Rank these situations, from greatest to least, on
the basis of the amount of radioactivity you
would detect from the sample.

Greatest 1____  2____  3____  4____  Least
If any amount of radioactivity you would detect is the
same, circle those cases together.

Please carefully explain your reasoning

Ranking tasks included ranking these samples of radioactive gas. Three other versions were
used.



Jill  has trouble with distinguishing how radioactive something is. She says,
referring to the picture,  “I am thinking that it said that carbon-14 had a half-
life of 5,730 years and that is quite a difference from 700 million years, and
uranium for some reason is clicking more with more as far as being a
radioactive element. So I think any of the uranium would be more radioactive
then the carbon-14. I don’t know if I am right or not.” She goes on to say in
explanation “I would think that if it had a longer half-life, that that would
mean that it would be, the half-life would be how radioactive it could be.” On
the other hand, perhaps she gets her information in all the wrong places ... “I
just saw Who Wants to be a Millionaire last night and they were talking about
half-life, but I don’t remember what they said about it.”

Sharon thinks “the longer it [a radioactive element] lives, the more
radioactive it will be.” A little later in the interview, we find her explanation
of her choice:
S: Um, what made me make the different choices, since the uranium-238.

I mean from when I read, okay, what made me make that choice is not
really mean life or half-life. But what I went from was the element the
number that was next to it, and how many years. So in my mind I put
the element number in years if that is longer. And if this is higher than
this one here, then this is going to be more radioactive. I really just, to
simplify, I am sorry, I went with this reading and I looked at number of
years, and if this number was higher and it had more years, then it
would be more radioactive. I did not really look at mean life or half-life
at all. I just looked at the reading to see the number to years.

I: So in neither one of these did you really look at the mean life or half-
life, you are just going from the number of atoms and the number
here. This number like 238 for the uranium and 242 for the plutonium.
Or over here, 235 from the uranium and 14 from the carbon,.

S: That’s right, that is exactly what I did, I did not look at mean life or
half-life, because, to be honest with you, I do not totally understand
those, those terms.

I: What, so you say you do not totally understand, so can you tell me a
little bit about the understanding that you do have of those terms.

S: Um, let me start with the half-life. Okay, from what I recall from my
college, my undergraduate, whatever. The half-life is, like, scientists
have given the normal life of an atom. And I do not know exactly what



that is. And when they say a half-life is half of that standard that has
already been set by scientists. The mean life, tying it into math, is, like,
the average number of years that element will be around. An average
life, or half of the standard that has been set by science.

G: So in terms of interpreting danger: the half-life or mean life, whatever it
is those things may be, ... or the amount of radioactivity, those things
have nothing to do with it.

S: Right, I don’t think so.

Viola says something similar to Sharon and Jill: “It seems like if it is
something is unstable and it is trying to establish equilibrium and it is giving
off this stuff, this radioactivity as it is trying to establish equilibrium. For 6.5
billion years, in terms of something that is giving off radiation and trying to
establish equilibrium and it only takes 540,000 years. I would think I don’t
know though, because maybe it is giving it off faster. I don’t know, but I
would guess that the one, um, that has the shorter life, that would establish
equilibrium faster would be less radioactive.” Later in the interview, she
expands on this theme, saying “I am trying to figure out if something with a
half-life of 700 million years means that it is giving off the same amount of
radiation. Assuming it has a smaller half life, it is just giving it off slower. Or
wait, does that make sense? Yeah, it has the same amount like as something
else, but 700 million years means it is giving it off slower or if it means that it
just has so much more to give off, does that make sense?…So radioactive
carbon-14 has a half-life so that is going to be the least. So I am going to put
that that has the least amount of radioactivity, because it is going to, its half-
life is so much smaller that it will be gone faster, so it is less radioactive.”

Of course, perhaps we were psyching them out by trying to be helpful. We
gave them a set of pictures to look at. One set of gas atoms was
conspicuously colored differently.

Hilda says “I think I was looking for the easiest way to get to the answer,
which was disregard the extra information and go back to just the visual cues
that were there.”



We see trust of scientists here, but also great confusion that Sharon says is
what she had learned in school! On the other hand, Jill was skeptical of
technology. She had judged a science fair experiment that measured the fields
under high tension wires. She asserted that the student had found nothing.
Still she says, ranking high tension wires after the x-ray lab and hospital
operating room, “I would put the high tension wires, even though from what
I observed there was not a reading, but I still think there is something fishy
about them.”



Most of all, we physicists need people like Peter Lindenfeld, who has succeeded as a low
temperature researcher and author of many articles, as Doktorvater to many graduate
stiudents, a person who has contributed so much to the American Association of Physics
Teachers, in New Jersey as well as nationwide, a person who has worked so hard to foster
college-high school interaction, a person who has been such an inspiring teacher, who has
trained other such teachers, and a person who has personally mentored countless New
Jersey high school teachers.

I wish Peter well in his retirement. No doubt he will remain active in his many projects. My
retired father now says he can’t imagine where he used fit in work, his days are so much
fuller now. I hope Peter will spend some of that time with his family—his wife, his children
and grandchildren, who are here tonight to hear how special he has been to so many people,
including me.

I celebrate his achievements, even those I know I don’t know about in low temperature
physics. I value his continuing friendship. I can only hope his successors are as effective as
he is in involving physics students in teaching and physics teachers in broadening
professional development.
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