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Goals

A Show phenomena beyond the visible, e.q.
the electromagnetic energy emitted by
celestial bodies, but undetectable by the
human eye.

A Perform several simple experiments for
determining the existence of emission Iin the
wavelength regions of radio waves, infrared,
ultraviolet, microwave and Xray.




Presentation

A For centuries, the universe had been studied
only with the light detected by the human
eye.

A There Is information that comes

electromagnetic waves of other wavelengths
that our eyes cannot see.

A Astronomers observe today in the radio,
microwave, infrared, ultraviolet, Xrays and
gamma rays as well as in visible rays.




Electromagnetic Spectrum
All wavelengths of electromagnetic radiation.

VisiBIey

4— Longtud deonda corta Longitud de onda larga —

Htra-

Infrared Microwave
violet

Gammaray X-ray

Distancia entre las crestas
de la onda en nanome¥os

0.00Tnm  0.1nm 10nm 1000 nm 101°mm 1X107am 1X1%nm 1420 nm
{1 migron) {1 centimeter) (1 meter)

A\ | o o &y
3.5 L\ 19
[t S G~ A

La longtud de onda es 2 . 3 .
. Atoms Molerules Bacteria Pinpoints Houseflies Humans Moun tains

del tamano do




Blackbody Radiation

Any oblack bodyo when
heatedemits light at
many wavelengths
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| .. ———— Thereis| ,,atwhichthe
Wavetength  nm intensityof radiationis
By studying the radiation of maximumThisl . depend:
a distant object, we can onthetemperatura T:

measureits temperature
without having to go there.
This appliesfor the stars
which arealmost black
bodies




Solarradiaton
Windows for different energyregions
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Gamma Rays, X-Rays and Ultraviolet
Light blocked by the upper slmosphere
(bast obsarved from space)

The E a r tatmosphereis opaque tomost wavelengths
of radiation. We can detectthe hight energiesfrom e
spaceand low energiesrequire specialdetectors




Whenthe solarelectomagneticenergygoes through the
atmosphere the oblack bodyo radiation change but the

| ..« @t which the irradianceis maximum remainsalmost
without change
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We know that thereis | at which the irradiance or

MmaX

emission is maximum dependson the temperatureT, but
It doesnot needto be in a visibleregion of the spectrum

For example the human body has atemperatureof T =273+37 =310 K.
Then, emits the maximunin | 4, = 9300nm.

The night vision devicesusesthis | .
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Activity 1:Building a spectrometer

@ Depending
— what you use,
/ ; a DVD part
or a CD one,

you cut the
matching
portions the
template.




Activity 1:Building a spectrometer

Removethe metal
layerof the CD
using tape or
scratchingit.

NB! The coating will
not peel off white or
commercial CDs.




Activity 1:Building a spectrometer

The black
surface folded
on the inside.

Compare the
spectra from
“aip - Tllament
» B2 4 lamps,

i
%= Iluorescent
lamps and
streetlights.




Activity 2. Sodiumlines visualization

Spectroscopy allows us to know the chemical
composition of stars and exoplanets by studying the
spectra that come to us. Let's see an example using a
candle where we will impregnate the wick with a little
common salt (Na Cl) to see the Sodium emission line
that corresponds to a wavelength of 589.
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Activity 3. Decomposing sunlight with
water drops

Children can split the
sunlight and make a
rainbow.

They need a hose with
a fine spray. They
must have their back
to the Sun.
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Other regions of the spectrum

A There Is a matter with a
temperature much lower than

- that of the stars, for example,
- clouds of interstellar matter.

rac

rac

- A They do not emit visible

lation, but emit infrared
lation, microwaves and
10 waves.

A The type of radiation Is
associated with the processe:
that are occurring inside the

object. E.qg., detalls in the

centre of our galaxy ... g




The infrared radiaton

NASA/IPAC

A Willlam Herschel discovered
the infrared using the prism
and thermometers.

A Itis a property of warm bodies,
even those not hot enough to
emit visible light.

A To highlight this radiation we
establish an equivalence
between temperature and
colour.




Activity 4. HerschelExperiment

A In 1800, Herschel
discovered the
Infrared in sunlight.




Activity 4. Herschel Experiment

SPECTRUM  THERMOMETERS
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Activity 4. Herschel Experiment




Activity 4. HerschelExperiment
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Activity 5: IR detection with a phone

A Remote controls emit infrared signals but our
eyes cannot see them.

A Many but not all mobile phones cameras are
sensitive In IR.




The power of the infrared

A The interstellar dust absorbs visible light but
not infrared so much.
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Activity 6: Detection of IR light of a bulb

A Most of the energy emitted by an incandescent bulb |
In the visible region, but it also emits infrared that can

penetrate some fabrics that cannot be penetrated witl
visible radiation.

A The same happens with the galactic dust, which can

be detected from its infrared emissions, but Is opagque
In the visible region.




Activity 7. Constellation with IR LEDs

RESSEIENGEEWEEN 100:and 500 Y




Activity 8: Constellation with
remote controls




Emission of radio waves

A EM radiation with
wavelengths from
metres to kilometres
IS called radio
waves.

A They are used for
commercial stations. -

A Radio waves also )
come from space,

and thus provide

Information that

cannot be seen at

other wavelengths.




Activity 9: Producing radio waves

ET calls home by producing radio waves




Activity 9: Producing radio waves

Materialsneeded

A 2 m of varnishedelectricalwire*, between0.2 and0.5
mm in diameter

A A regularpencil

A A graphitelead pencil (a coloredpencil will not work)
sharpeneatbothends

A A45V or9V battery

A A simpleAM rregadver o

*If varnishedelectrical wire Is not available, it can be




Activity 9: Producing radio waves

Procedure

A Prepare coil by wrappingthewire aroundany pencil,so
that it has between50 and 60 turns You can keep it
tightly woundwith adhesivdape

A Scrapeoff the protective varnish from the endsof the
wire and, using a paperclip, secureone end of the wire
to the battery (it doesn'tmatter if it's the positive or
negativeend)

A Connectthe otherendof the coil wire to oneof theleads
of thegraphitepencil

A Turnontheradioto theAM band(not FM).




Activity 9: Producing radio waves

A With the otherendof the graphitepencil, we repeatedly
touch the other end of the battery and move the dial
until we hearthe noisepickedup by the radio,
thewavesbeinggenerated




Ultraviolet radiation

A UV photons have higher energies

than those of visible light.(UV-A
black light is used for plant growth)

A UV-C destroys the chemical
bonds between organic
molecules.At high doses UV can

be fatal for life.(UV-C is used for
surgical material disinfection)

A UV-C radiation isfiltered by b
atmosphericozone.The ozone in .
the atmosphere is formed by the N\
interaction between sunlight and 02, Johann Rittediscovered
and it filters almost all UV light, ultravioletradiationn 1801
allowing only the necessary for the e
development of life to pass through.
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Ultraviolet radiation

A The Sun emits UV radiation, but
most of it is filtered by the ozone
layer at the top of our atmosphere,
the amount that arrives on Earth
IS beneficial for life.

A This radiation I1s what makes our
skin to tan.

A If the ozone layer decreased in
thickness, the Earth would receive
higher doses and skin cancers
would proliferate.




