
Incorporating Student Ideas and Interests

The General Physics course at Colorado State University is largely populated by 
students in the life sciences. Most of these students are juniors and seniors with a wealth 
of background in the fields whose content we seek to integrate. We have started holding 

regular sessions with students to brainstorm possible topic areas for lecture and lab 
exercises. This has provided pedagogical benefits that go far beyond the identification and 

development of topic areas and has provided ideas for new strategies for the course.
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One Idea.

I like to use these talks to present 
one idea, one idea that anyone can 
simply implement.
In this talk, I’ll talk about how I set 
up a “salon” style event at which 
students gave me feedback and 
ideas for incorporating life science 
topics in the class.

Day Job

Folks think of me as the Little Shop 
of Physics guy, which I am, but my 
day job—what I get paid for—is 
teaching large intro classes.



Physics & Life
Friday, October 30

4:00 - 5:00 PM
Engineering 126

Energy & Efficiency 

How does energy efficiency determine the size, 
shape and structure of different animals?

This is an invite to a Physics & Life 
session for students. The format 
was simple: We sat around a room 
and simply talked about ideas. I 
served as moderator.

“It is … unusual to be a part of a classroom environment 
that feels like an exploration, not a bland and pedantic 

tutorial, in which understanding and curiosity are valued.”

This is a quote from a student. I’d 
expected to get ideas from students, 
but I didn’t expect the affective 
gains that I saw. The sessions were 
much appreciated by students, and 
they showed students that I cared 
about their interests and how to 
make the class better match them.

Here are some of my notes, showing 
ideas that students presented and 
discussed.



Coherence

I got to hear how students talk 
about certain concepts, such as 
energy and free energy. I could then 
match my class presentations to 
how they speak about the concepts. 
The students in the class are in the 
biological sciences, for the most 
part. The way they discuss concepts 
is a reflection of how they talk about 
things in their classes. So this 
helped me present information 
coherently with other disciplines.

Physics & Life 
Sound & Communication 

Friday, December 4
4:00 - 5:00 PM

Physics Conference Room
Engineering 126

Another invite, with a specific topic.

Physics & Life 
Animal Superpowers 

Friday, February 12, 12:00 - 1:00 PM
Physics Conference Room, Engineering 126

More effective were wide open 
topics like this. Question: What are 
things that animals can do that, 
truly, are superpowers? I got a lot of 
great discussion on this.



Physics & Life
4:00 - 5:00 PM
PH 121 Lab

 

Milo Time

Once in a while, I had sessions in 
which I just brought my dog in and 
let folks play with him. These were 
informal sessions at which students 
talked about their lives, their 
concerns. I got a lot of good ideas 
from them about the class.

 Problems 315

40 kg, has been training for this event. She can reach a maximum 
speed of 12 m/s in the 100 m dash.

  a. How far will Lisa compress the spring?
  b.  The Olympic committee has very exact specifications about 

the shape and angle of the ramp. Is this necessary? If the 
committee asks your opinion, what factors about the ramp 
will you tell them are important?

 69. || Boxes A and B in Figure P10.69 
have masses of 12.0 kg and 4.0 kg, 
respectively. The two boxes are 
released from rest. Use conservation 
of energy to find the boxes’ speed 
when box B has fallen a distance of 
0.50 m. Assume a frictionless upper 
surface.

 70. |||| What would be the speed of the boxes in Problem 69 if the 
coefficient of kinetic friction between box A and the surface it 
slides on were 0.20? Use conservation of energy.

 71. ||||| A 20 g ball is fired horizontally with initial speed vi toward a 
100 g ball that is hanging motionless from a 1.0-m-long string. 
The balls undergo a head-on, perfectly elastic collision, after 
which the 100 g ball swings out to a maximum angle umax = 50°. 
What was vi?

 72. || Two coupled boxcars are rolling along at 2.5 m/s when they 
collide with and couple to a third, stationary boxcar.

  a. What is the final speed of the three coupled boxcars?
  b.  What fraction of the cars’ initial kinetic energy is  

transformed into thermal energy?
 73. || A fish scale, consisting of a spring with spring constant 

k = 200 N/m, is hung vertically from the ceiling. A 5.0 kg 
fish is attached to the end of the unstretched spring and then 
released. The fish moves downward until the spring is fully 
stretched, then starts to move back up as the spring begins  
to contract. What is the maximum distance through which the 
fish falls?

 74. | A 70 kg human sprinter can accelerate from rest to 10 m/s in 
3.0 s. During the same time interval, a 30 kg greyhound can 
accelerate from rest to 20 m/s. Compute (a) the change in 
kinetic energy and (b) the average power output for each.

 75. ||| A 50 g ball of clay traveling at 6.5 m/s hits and sticks to a  
1.0 kg block sitting at rest on a frictionless surface.

  a. What is the speed of the block after the collision?
  b.  Show that the mechanical energy is not conserved in this 

collision. What percentage of the ball’s initial kinetic energy 
is “lost”? Where did this kinetic energy go?

 76. || A package of mass m is released from rest at a warehouse 
loading dock and slides down a 3.0-m-high frictionless 
chute to a waiting truck. Unfortunately, the truck driver went  
on a break without having removed the previous package,  
of mass 2m, from the bottom of the chute as shown in  
Figure P10.76.

  a.  Suppose the packages stick together. What is their common 
speed after the collision?

  b.  Suppose the collision between the packages is perfectly  
elastic. To what height does the package of mass m rebound?

FIGURE P10.69 
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 64. ||||| The maximum energy a bone can absorb without breaking is 
surprisingly small. For a healthy human of mass 60 kg, experi-
mental data show that the leg bones of both legs can absorb 
about 200 J.

  a.  From what maximum height could a person jump and land  
rigidly upright on both feet without breaking his legs? 
Assume that all the energy is absorbed in the leg bones in a 
rigid landing.

  b.  People jump from much greater heights than this; explain 
how this is possible.

  Hint: Think about how people land when they jump from 
greater heights.

 65. || In an amusement park water slide, people slide down an 
essentially frictionless tube. The top of the slide is 3.0 m above 
the bottom where they exit the slide, moving horizontally, 1.2 m 
above a swimming pool. What horizontal distance do they travel 
from the exit point before hitting the water? Does the mass of the 
person make any difference?

 66. || The 5.0-m-long rope in  
Figure P10.66 hangs vertically 
from a tree right at the edge 
of a ravine. A woman wants 
to use the rope to swing to the 
other side of the ravine. She 
runs as fast as she can, grabs 
the rope, and swings out over 
the ravine.

  a.  As she swings, what energy 
conversion is taking place?

  b.  When she’s directly over the far edge of the ravine, how 
much higher is she than when she started?

  c.  Given your answers to parts a and b, how fast must she be 
running when she grabs the rope in order to swing all the way 
across the ravine?

 67. ||| You have been asked to design a “ballistic spring system” to 
measure the speed of bullets. A bullet of mass m is fired into a block 
of mass M. The block, with the embedded bullet, then slides across 
a frictionless table and collides with a horizontal spring whose 
spring constant is k. The opposite end of the spring is anchored to a 
wall. The spring’s maximum compression d is measured.

  a.  Find an expression for the bullet’s initial speed vB  in terms 
of m, M, k, and d.

  Hint: This is a two-part problem. The bullet’s collision with 
the block is an inelastic collision. What quantity is conserved in 
an inelastic collision? Subsequently the block hits a spring on a 
frictionless surface. What quantity is conserved in this collision?

  b.  What was the speed of a 5.0 g bullet if the block’s mass is 2.0 kg 
and if the spring, with k = 50 N/m, was compressed by 10 cm?

  c.  What fraction of the bullet’s initial kinetic energy is “lost”? 
Where did it go?

 68. ||| A new event, shown in 
Figure P10.68, has been  
proposed for the Winter 
Olympics. An athlete will 
sprint 100 m, starting from rest, 
then leap onto a 20 kg bobsled. 
The person and bobsled will 
then slide down a 50-m-long 
ice-covered ramp, sloped at 20°, and into a spring with a carefully 
calibrated spring constant of 2000 N/m. The athlete who compresses 
the spring the farthest wins the gold medal. Lisa, whose mass is  
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For instance, I changed the 
homework due date from 
Wednesday to Friday and started 
addressing things folks had seen on 
the homework in class, using this 
teachable moment.

Video of balloon hitting the ground 
- a lot of elastic energy storage.



infrared images, and digital photographs were also taken
(K10, Pentax) at a minimum distance of 10 m (figure 1a). Air
temperature, relative humidity and wind speed were recorded
at 1 min intervals and cloud cover (oktas, [11]) at 3 h intervals
at Dumont d’Urville meteorological station. Air temperature
Ta (8C) and wind speed, u (m s21) at the colony (height ¼ 1 m)
was adjusted from station readings Tmet and umet according to:
Ta ¼ 0.919 ! Tmet and u ¼ 0.561 ! umet [12].

Surface temperatures were obtained for 40 males that were
separated by at least one body length (figure 1b). Individuals
were selected that were stationary or shuffling (no feet exposed)
or walking slowly (feet seen). Mean surface temperature of
different body parts (dorsal, ventral, flipper, head and feet:
emissivity ¼ 0.98) was determined using image analysis software
(THERMACAM REPORTER v. 7.0 see [13]). Surface temperature of
surrounding ice (emissivity ¼ 0.97) was determined from three
spot measurements taken at one body length from the bird.

A heat transfer model was used to estimate the direction and
relative magnitude of heat fluxes from different body regions (see

the electronic supplementary material). Statistics were computed
using IBM SPSS v. 19.

3. Results
The mean air temperature + standard error was 217.6 +
0.718C, relative humidity 44.4 + 1.69%, cloud cover 1.5 +
0.15 oktas and wind speed 2.3 + 0.26 m s21. The mean temp-
erature of the ice was 229.1 + 0.118C. On 3 days when air
temperature was below 2208C, ice and sky temperature
over-ranged beyond 2458C (below the recording range
of the camera). The corresponding surface temperature of
dorsal, ventral, head, flippers and feet were 223.2 +
0.948C, 221.8 + 1.068C, 218.8 + 1.028C, 217.0 + 0.928C
and 216.8 + 1.318C, respectively. There was a significant
difference in surface temperature between different body
parts (generalized linear model, GLM F4,155 ¼ 9.78, p ,

0.001). Dorsal and ventral surface temperatures were similar
(Tukey’s test p ¼ 0.95), but were significantly lower than the
surface temperature of head, flippers and exposed feet ( p "
0.01 in all cases). Close-up images revealed that almost all
the external body surfaces were below freezing, with the
exception of the eye region (figure 1c). Only the inner edges
of the upper and lower mandibles were around 108C above
air temperature, but outer regions were close to ambient.
Overall, the mean bill temperature was 217.3 + 1.178C and
was within 0.23 + 0.738C of air temperature.

The temperature gradient between plumage surface and air
temperature varied between different body parts (F4,156¼ 52.6,
p , 0.001, r2¼ 0.58). Mean dorsal and ventral surface tempera-
tures were 4–4.88C below ambient, whereas the head, flippers
and feet were 0.4–1.98C above air temperature (figure 2a).

A GLM was used to account for temperature variation of
each body part, where incubation status and activity (stationary
versus moving) were entered as factors. Time, air and ice temp-
erature, wind speed, and cloud cover were covariates. Relative
image size (number of pixels) was entered as a covariate to
account for measurement distance. There were only four incu-
bating birds that exposed their feet, and so incubation was not
included in this model. The above variables explained most of
the variance in surface temperature (partial h2 ¼ 0.87–0.94,
p , 0.001). Air temperature was the only significant explana-
tory variable for dorsal, ventral and head temperature, and
surface temperature was positively correlated with air tempera-
ture (h2¼ 0.37–0.60 p , 0.001 in all cases). However, flipper
and feet temperature were positively correlated with air temp-
erature (flipper: h2 ¼ 0.47, p , 0.001, feet: h2 ¼ 0.47, p , 0.007)
and negatively correlated with wind speed (flipper: h2 ¼ 0.37,
p , 0.04, feet: h2 ¼ 0.34, p , 0.03).

The heat transfer model (see the electronic supplementary
material) showed that radiative heat loss was greatest from the
body trunk 22.0 + 1.08 W, followed by head 2.6 + 0.10 W, flip-
per 2.3 + 0.07 Wand feet 0.15 + 0.03 W (figure 2b). Convective
heat losses for head, flipper and feet were small and averaged
1.4 + 0.44, 1.3 + 0.24 and 0.02 + 0.03 W, respectively. The
trunk surface was predicted to gain 23.1 + 2.16 W by convec-
tion from surrounding warmer air. Conduction from the feet
averaged 7.9 + 1.12 W and latent heat loss was constant at
4.0 W (figure 2b).

Assuming small convective heat gains are not transmitted
to the skin, total heat loss was estimated to be 41.6 + 1.75 W.
Total heat loss from the trunk, head, flippers and feet
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Figure 1. (a) Emperor penguin colony and thermal imaging (inset). (b) Ther-
mal image of isolated and huddling penguins (Tair ¼ 2 21.08C, RH ¼ 42%,
u ¼ 1.0 m s21 and cloud cover ¼ 0 oktas). (c) Close-up images of the head
and flippers (Tair ¼ 2 21.88C, RH ¼ 43%, u ¼ 3.0 m s21 and cloud
cover ¼ 2 oktas). (Online version in colour.)
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Chilly Penguins

Air Temp: -21°CMcCafferty DJ, Gilbert C, Thierry A-M, 
Currie J, Le Maho Y, Ancel A. 2013 
Emperor penguin body surfaces cool below 
air temperature. Biol Lett 9: 20121192.

Example of topic students told me 
about: Emperor penguins can have 
feathers that are colder than the air 
temperature due to radiation.

dolphin (Sotalia guianensis) suggested that they are func-
tional sensory units [17]. Similar to the F-SCs in
harbour seals, spots of intense thermal radiation were
found to be associated with each single vibrissal crypt
[17]. To determine whether vibrissal crypts in the
Guiana dolphin are truly vestigial structures or if they
are functional sensory units, we investigated them histo-
logically. Based on the morphological results and on the
feeding ecology of the Guiana dolphin, we developed
the hypothesis that the vibrissal crypts function as electro-
receptors. We tested this hypothesis in a psychophysical
experiment.

2. MATERIAL AND METHODS
(a) Histology

Vibrissal crypts were obtained from a 29-year-old male

Guiana dolphin (S. guianensis) that had been kept at the Dol-

phinarium Münster, Germany, for 15 years and died of

natural causes. Tissue samples of the rostrum were fixed in

7–10 per cent paraformaldehyde and stored in 4 per cent

paraformaldehyde. Vibrissal crypts were dissected macro-

scopically and embedded in Paraplast Plus (Sherwood

Medical, St Louis, MO, USA). Samples were sectioned

into cross, sagittal and transversal 7 mm slices on a Leica

RM 2135 rotary microtome. For general histology, sections

were stained with standard Masson–Goldner trichrome

staining technique [18]. Innervation was investigated

immunohistochemically with nerve-fibre-specific polyclonal

rabbit anti-PGP9.5 (1 : 4000; UltraClone Ltd., Cambridge,

UK). After deparaffinization, sections were pretreated for

40 min in methanol containing 0.5 per cent hydrogen per-

oxide to block endogenous peroxidase. After several rinses

in 0.01 M phosphate-buffered saline (PBS), pH 7.4, they

were incubated for 48 h at 48C with the primary antibody

diluted in PBS containing 0.5 per cent Triton X-100,

0.01 per cent sodium azide and 1 per cent bovine serum albu-

min. Sections were rinsed in PBS, incubated for 30 min with

the secondary antibody Histofine Simple Stain MAX PO (R)

(Nichirei Corporation, Tokyo, Japan) and rinsed again. For

visualization, AEC Simple Stain Solution (Nichirei Corpor-

ation, Tokyo, Japan) was applied for 15–20 min. After a

final wash in tap water and in de-ionized water, sections

were mounted in Aquatex (Merck, Darmstadt, Germany).

Owing to autolysis of the tissue, staining was inconsistent

across the sections. Therefore, intraepithelial innervation was

investigated additionally with a modified silver impregnation

technique [19]. Histological sections were examined and

photographed using an Axiophot light microscope (Carl

Zeiss, Oberkochen, Germany) equipped with a SemiCam

digital camera (PCO, Kelheim, Germany).

(b) Behavioural detection threshold

A 28-year-old male Guiana dolphin kept at the Dolphin-

arium Münster, Germany, served as the experimental

subject. The dolphin was trained to respond to electrical

stimuli in the order of magnitude of those generated by

small to medium-sized fish, its natural prey [20,21]. Using

a go/no-go paradigm, we determined the dolphin’s detection

thresholds for short square wave stimuli in a custom-made

set-up (figure 2). Electric field stimuli were generated at a

distance of 10 cm from the dolphin’s vibrissal crypts by a

(a)

(b)

Figure 1. Vibrissal crypts of the Guiana dolphin. (a) Location
on the rostrum. (b) Close-up view. Arrows indicate a single
vibrissal crypt.
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Figure 2. Experimental setup for the psychophysical experi-
ments on the electrosensitivity in the Guiana dolphin. The
dolphin was trained to position itself in a hoop and rest its
rostrum on a jaw station. This way, the position of the ros-
trum was reproducible from trial to trial. Electrical signals
were delivered by two electrodes at a distance of 10 cm
from the rostrum in half of the trials. The dolphin received
a food reward for leaving the station when a signal was pre-
sent and for remaining in station when no signal was present.
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Guiana dolphin are truly vestigial structures or if they
are functional sensory units, we investigated them histo-
logically. Based on the morphological results and on the
feeding ecology of the Guiana dolphin, we developed
the hypothesis that the vibrissal crypts function as electro-
receptors. We tested this hypothesis in a psychophysical
experiment.

2. MATERIAL AND METHODS
(a) Histology

Vibrissal crypts were obtained from a 29-year-old male

Guiana dolphin (S. guianensis) that had been kept at the Dol-

phinarium Münster, Germany, for 15 years and died of

natural causes. Tissue samples of the rostrum were fixed in

7–10 per cent paraformaldehyde and stored in 4 per cent

paraformaldehyde. Vibrissal crypts were dissected macro-

scopically and embedded in Paraplast Plus (Sherwood

Medical, St Louis, MO, USA). Samples were sectioned

into cross, sagittal and transversal 7 mm slices on a Leica

RM 2135 rotary microtome. For general histology, sections

were stained with standard Masson–Goldner trichrome

staining technique [18]. Innervation was investigated

immunohistochemically with nerve-fibre-specific polyclonal

rabbit anti-PGP9.5 (1 : 4000; UltraClone Ltd., Cambridge,

UK). After deparaffinization, sections were pretreated for

40 min in methanol containing 0.5 per cent hydrogen per-

oxide to block endogenous peroxidase. After several rinses

in 0.01 M phosphate-buffered saline (PBS), pH 7.4, they

were incubated for 48 h at 48C with the primary antibody

diluted in PBS containing 0.5 per cent Triton X-100,

0.01 per cent sodium azide and 1 per cent bovine serum albu-

min. Sections were rinsed in PBS, incubated for 30 min with
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visualization, AEC Simple Stain Solution (Nichirei Corpor-

ation, Tokyo, Japan) was applied for 15–20 min. After a

final wash in tap water and in de-ionized water, sections

were mounted in Aquatex (Merck, Darmstadt, Germany).
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stimuli in the order of magnitude of those generated by
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on the rostrum. (b) Close-up view. Arrows indicate a single
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Figure 2. Experimental setup for the psychophysical experi-
ments on the electrosensitivity in the Guiana dolphin. The
dolphin was trained to position itself in a hoop and rest its
rostrum on a jaw station. This way, the position of the ros-
trum was reproducible from trial to trial. Electrical signals
were delivered by two electrodes at a distance of 10 cm
from the rostrum in half of the trials. The dolphin received
a food reward for leaving the station when a signal was pre-
sent and for remaining in station when no signal was present.
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the Guiana dolphin, Proc. R. Soc. B (2012) 
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A dolphin that senses electric field.s 
Vibrissal crypts—normally have 
hairs, that sense motions in the 
water. But they lose the hair, keep 
the sensors.

Solar-Powered Hornets
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Fig. 1 Relationship between the Oriental hornet flight activity,
exposure to solar radiation and the absorbance of this solar radiation
in the cuticle. a Drawing represents the digging activity of the Oriental
hornet worker. The Oriental hornet digs its nest (1) and enlarges it to
allow for the building of additional comb cells (2). The hornet picks a
clod of earth in its mandible (3), flies out of the nest, drops the clod of
earth (4), and returns to repeat this process. b Picture showing an
Oriental hornet resting on silk caps that harbor the pupae. The brown-
colored hornet has yellow-colored segments on its head: the front (1),
the clypeus (2), on the dorsal side of its abdomen, stripe nos. 3 and 4
(3 and 4), and one stripe on the ventral side of the abdomen (not
shown in b). Bar=1 cm. c Graph represents typical results of cuticle
absorbance obtained in an earlier study (Plotkin et al. 2009b). The
graph displays the absorbance of brown cuticle, yellow cuticle, and
yellow cuticle after the removal of yellow pigment granules. The
brown and yellow cuticles display similar characteristics with

absorbance highest at the shorter wavelengths. Absorbance in the
range of 250–290 nm after the removal of pigment granules is
attributed to the aromatic amino acids which constitute the proteins
present in the hornet cuticle (Willis 1999). d Cross-section through the
cuticle of an adult hornet brown cuticle. Shown are the hairs extruding
from the exocuticle (1), the cuticle is made up of about 30 layers
whose thickness diminishes from the exterior (2) to the interior (3). e
Cross-section through the cuticle of an adult hornet containing yellow
granules. Shown are the hairs extruding from the exocuticle (1); the
exocuticle proper and the endocuticle (2), and beneath the latter, the
layer of yellow granules (3), within the layer of yellow granules,
tracheae are discernible (4), and underneath the hypocuticle (5). Bar=
10 μm. f On greater magnification, one can see the barrel-like shape of
the yellow pigment granules (about 500 nm in size) and that they are
tightly packed. Bar=2 μm
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Discussion

We have shown through RCWA simulations that the
epicuticle acts as an antireflective layer. As a comparison,
nipple arrays, such as those found on the eyes and wings of
some species of moth, confer also an antireflective effect
(Bernhard 1967; Parker 2000; Vukusic and Sambles 2003).
With periods of ~200 nm, the moth-eye structures are on a

scale below the wavelength range of solar radiation, which
means they act as an effective medium, with an effective
refractive index that changes gradually across the interface.
With periods of ~500 nm, the structures on the brown and
yellow epicuticles are not subwavelength across the solar
spectrum and so do not act as a true effective medium in the
same way as the moth-eye structures. Therefore, although
conferring some antireflective effect, the surface structures
observed on the Oriental hornet cuticles are far from
optimized for this purpose. However, unlike the moth-eye
arrays, which are too small to diffract light, the brown
cuticle structure also acts as a diffraction grating, enhancing
light trapping and so absorption within the cuticle. The
5.1% increase in absorption calculated for the brown
epicuticle structure compared to a flat surface is likely to
be an underestimate because it only accounts for one pass
through the cuticle; the 1 and −1 orders are travelling at
higher angles and so more of the light will undergo internal
reflection at the back surface and pass through the cuticle a
second time, resulting in even more absorption compared to
a flat surface. These findings suggest the possibility that the
surface structure has evolved to confer both AR and light-
trapping properties to the epicuticle, enhancing the absorp-
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Fig. 5 Calculated reflectivity of the hornet cuticle surface. a
Schematic of brown epicuticle defined in GD-Calc with 30 strata.
The grey area shows material with a refractive index of n=1.56 (i.e.,
of chitin). The semi-infinite substrate is defined with n=1.56, and the
semi-infinite superstrate medium is defined as air (n=1). b Reflec-
tance vs. wavelength RCWA simulation for structure in (a). c

Schematic of yellow epicuticle defined in GD-Calc with 30 strata
The grey area shows material with a refractive index of n=1.56 (i.e.,
of chitin) The semi-infinite substrate is defined with n=1.56 and the
semi-infinite superstrate medium is defined as air (n=1). d Reflec-
tance vs. wavelength RCWA simulation for structure in c

Fig. 4 Measured reflectivity of the hornet cuticle: (1) cuticle pre-
eclosion (2) yellow cuticle 3 days post-eclosion, (3) brown cuticle
3 days post-eclosion

Naturwissenschaften (2010) 97:1067–1076 1073

Marian Plotkin & Idan Hod & Arie Zaban & Stuart A. Boden & 
Darren M. Bagnall & Dmitry Galushko & David J. Bergman, Solar 
energy harvesting in the epicuticle of the oriental hornet (Vespa 
orientalis), Naturwissenschaften (2010) 97:1067–1076 

Doing chemical work like in the 
liver. Structures overlying the 
pigment reduce reflection, increase 
absorption.



Questions?


