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The electromagnetic wave.

An oscillating charge will emit an electromagnetic wave.
It’s a wave of electric and magnetic fields.

The wave model

One way to think about them.




Energy Scale

The Electromagnetic Spectrum
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Where is the station?




AM Radio

What else can it pick up?

Why must an antenna be on the outside of the car?

Microwave Oven
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High intensity electromagnetic waves,
with large electric fields
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The dipole moment ... but the direction

of the water molecule of the electric field

rotates to line up with changes, so the

the electric field of water molecule will

the electromagnetic keep rotating.

wave .. .

High intensity electromagnetic waves,
with large electric fields

Microwave Oven

2450MHz

Penetration depth is 1-3”, depending on material

High intensity electromagnetic waves,
with large electric fields

The wavelength of the radiation from your phone is about
the same as that of your microwave oven.

Senate Business and Professions Committee April 24,
2000: Senator Hayden presents actual photos of
Radiation entering an Adult Brain, as well as the Brain
of a 5-year old child: The depth of penetration is more
in the child than the adult. Proof cell phone radiation
penetrates the brain deeper in kids!.

5yr 10 yr Adult
Computer models show depth of exposure from cell phone levels of RF radiation.
Images depict penetration when a maximum allowable FCC SAR level has been
reached! It is very important to know that computer models could represent a user
on the phone only a few minutes, especially knowing most cell phone calls last
much longer!

Talking On the Phone... How Dangerous?

The microwaves from a cell phone
have the following properties:

P=0.60W
f=19 GHz
0.60 W
=————— =19 Wm’ isht: 2
47[(0'050 m)z Sunlight: 1000 W/m
E, =120 V/m Inside cells: 10,000,000 V/m

Epoon =79 eV Breaking DNA: 4 eV




Thermal Radiation

| minute on the phone |5 minutes on the phone

Long wavelength, low energy photons.

Warming the Walls

A human has about 1.8 m2 of skin. If a person is
unclothed in dry air of 24°C (75 °F), the skin will
be about 33°C.

Suppose this unclothed person is taking part in a
study of thermal comfort.The air will be kept at
24°C, but the temperature of the room’s walls will
be varied.

a. How much energy does the person’s body l) P =870 W

radiate away? b) P =770 W
b. Suppose the walls of the room are 24°C, the
same as the air. How much energy does the C) P=100W
person absorb by radiation?
d)P=235W

WOULD YOU RATHER?.

C. What is the net loss of energy by radiation?

d. Now suppose the walls are much colder Sit in a room with warm air and cold walls
than the air temperature:10°C (50 °F). (This or
would be quite cold to the touch.) What will o
b: :he netqluolss b; radiation n:w?) 2 Pull down your trousers and sit on a cold steel bench?

Warming the Bench
TG fibres

Suppose you are sitting, naked, on a steel bench
with a temperature of 0°C (The only thing
insulating the core of your body (temperature
37°C) is a layer of skin and fat; we’ll assume that
the insulation is comparable to a layer of fat |.2
cm thick. The area in contact with the bench is
0.16 m2. Raw Processed

Inner cavity

Outer cavity

Pit membrane

What is the rate of heat loss by conduction?

100 W ——— Equal to basal metabolic rate.

. 100 Watts = 4 Watts?
As thlngs get warmer, the A typical incandescent lamp has a filament at a

wavelength of emitted temperature of approximately 2500 °C.
radiation gets Shorter What is the peak wavelength of the emission?

Increasing filament temperature
e e e,

’ ’ 29%10° nm-K
At ‘U\’\L‘l filament When the mfmn»m peak - = 1050 nm

temperatures, the bulb is hotter, the bulb
is dim and the light is is brighter and the
noticeably reddish. light is whiter.

2773 K




Polarization

FIGURE 25.28 A polarizing filter.
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Navigating By The Sky
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The Index of Refraction

speed of light in a vacuum ¢

"= speed of light in the material T

The index of refraction determined by the speed of light in a material

At a boundary between two media, there is a change
in the index, and so there is a reflection

A difference in index causes bending (refraction) too.

Dispersion n increases as A decreases.
5 A

1.60 < .
158 Flint glass
Crownglass\

T T T T
300 400 500 600 700 800

‘ Blue bends more

A (nm)




Skin is made of transparent components, with differing
indices of refraction.The size of the elements is a bit larger
than the wavelength of light, so all colors scatter equally.

Net result: No pigment means white skin.

Same thing

with milk.

Not white.
Transparent.

Match index of refraction: Transparent.

Air molecules are very
small compared to the
wavelength of light.
Short wavelengths
scatter more.

In the Infrared, We Are All the Same

Total Internal Reflection

Angle of incidence is increasing.
Transmission is getting weaker.

Critical angle is when 6, = 90

Reflection is getting stronger. ——— :

Total internal reflection
oceurs when 6; > 0.

. M2
6. = sin ](Z)

Critical angle of incidence for total internal reflection




Making a Rainbow

(@ 2. Dispersion causes different colors (b) ~Red light s refracted

to refract at different angles.

The red

o L N
425 light reachin;

from drops higher in the sky

Sunlight 3. Most of the light refracts Sunlight g your eye comes
nto the air at this point,

but a little reflects back

into the drop.

The sun is behind
your back when
Yousee a rainbow

Violet |
predominantly at 40.8°. The violet
Eye &, light reaching your eye comes

4. Dispersion separates the from drops lower in the sky

ght is refracted

colors even more as the rays You see a rainbow with red on
refract back into the air. the top, violet on the bottom.




