Science and Life

Hippos aren't fat, and they can’t
swim. A mouse can survive a fall from
any height. There are salamanders
one foot long that don’t have lungs or
gills. There are snakes that can see
in complete darkness, and dolphins
that can sense your heartbeat. And
the animal with the largest brain
relative to its body size is a fish—a
fish with an amazing superpower. In
this class, we'll talk about the laws of
nature that explain how creatures live
and breathe and move around, and
the senses they use to understand
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Physics Principles
Properties of Light

The Electromagnetic Spectrum

Different Visions

Our view of the world is
defined by the range of our
vision. There are properties of
light that we can’t sense, and
wavelengths of light we can’t

see, that other creatures can.
We’'ll explore the entire range
of the electromagnetic
spectrum and discuss
creatures that use light we
can'’t see to inform their view of
the world.

Light has a dual nature.

Light is an electromagnetic wave.

The orange arrows are electric fields: They push charges around.

Polarization

Unpolarized light
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Polarizer

Playing with Polarizers

Check out: Polarized glasses, phone screens, reflections, computer screens

Electromagnetic waves are also photons:
Particles of light, with a certain amount of energy.




‘The electromagnetic

i

Long wavg_l_eng h

Beyond the red:
Infrared
800 nm

1.5 eV

Vaseline
glass

spectrum

Short wavelength
High energy

400 nm
3.1 eV

Beyond the violet:
Ultraviolet
360 nm
3.4 eV

Writing with Light

Touch (gently!) different color flashlights to the glow-in-the-dark surface.
Which colors leave trails?
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Human
Vision

sens;

Human
vision has
a hard
stop at
the blue
end of the
rainbow.

Human Vision

The three different types of cones

Relative have different color sensitivities.

itivity

3 different cones
tuned to different
photon energies

Human vision has
sensitivity way into the

450 550 650 red end of the rainbow.
Wavelength (nm)

Newton says 7. Floyd says 6.

Rods and Cones

Pink Floyd vs. Isaac Newton

The First Experiments: Isaac Newton

Why Seven?

Newton originally
had five colors:
Red

Green
Blue
Purple

Why seven?
Correspondence with music.

How Many Colors?

Some cultures say 3.
Some say 4.
Some say 5.
Some say 6.

One thing is for certain, though:




How Am | Doing?

The sky is blue.

Vi ;'“&Bes the sun appear
- yellow?

Scattering from Small Objects

Rayleigh scattering
For small objects:
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Where do the colors go?




What color is this?

After Sunset...




Dogs (and most mammals)
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Chickens
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Urine is
fluorescent.

It strongly
absorbs
ultraviolet
light.

Ornilux Glass

The way birds see bird protection glass

Bees don’thave
your visual .
acuity, but their ™%
vision has

certain
advantages.

Ultraviolet Eyes

Navigating By The Sky

Bee eyes
detect
polarization




3
d
5
o
74
= < o
2 5 =
E E RHODOPSIN
4 r & MOLECULE
N 0
b3 P
" o
a <
o
q c
. I »
Detection 14 r
depends on g
. . r
polarization s

- . N~

'I\ng ong more topic...

So Do You—just At Long Wavelength

You radiate about 870 W of thermal radiation. at a wavelength of about 9500 nm..
These are very low energy photons.

" Ratglesnakes and other pit vipers can
kl{se thermal radiation.

Bees use the sun to
navigate...

The Sun Emits Light Because It Is Hot

The sun radiates electromagnetic waves at a peak wavelength of about 550 nm, right in
the middle of the visible light spectrum.

Thermal Images

Use the thermal imager to look around the room.What do you see?

Thermal Image

How the sensory system works
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ermal radiation sense in
> i nmals?

Why the cold nose?

Dogs can probably sense thermal radiation using their chilly noses.

Next Topic:
Sensing

Reptiles
Vvs.
Mammals

Cold Hands, Good Sensing

You can sense thermal radiation too.




