LAB 2

SPECTRA OF GASES AND SOLIDS
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correct and focused.
references included.




LAB 2: SPECTRA OF GASES AND SOLIDS

LEARNING OBJECTIVES:

e Nature of light = electromagnetic radiation.

e Generation of a spectrum.

* Types of spectra (continuum, absorption and emission).

* |dentification of an element by its spectrum.



LIGHT = VISIBLE PART OF EM RADIATION

VERY SPECIAL NATURE OF LIGHT
Light = Particle ( photon )

Light = Wave ( electromagnetic radiation )

Light = Needs no medium (travels in vacuum)

Wavelength
e R e Lo N Properties of a wave:
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ELECTROMAGNETIC RADIATION

e White lights is composed of many colors (Rainbow)
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Speed of light = frequency x wavelength
Speed of light = 300,000 km/s (Universal constant!)



SPECTROSCOPY = STUDY OF THE SPECTRA OF
OBJECTS

Image of a
spectrum

UV  wisible Infrared

Measured | Most of Sun'’s
Intensity vs. g 15 o energy is in
Wavelength — green light!
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SPECTRUM = DISPERSE LIGHT INTO MANY COLORS
(AKA FREQUENCIES)

Light from star through telescope

i

/ Small slit in telescope’s focal plane

* Instrument = Spectrograph. . . "\Dﬁﬂmsongraung Photodetectr

¢

Mirror

e Spectrograph measures the

amount of energy (=
intensity) at all frequencies.




SPECTROSCOPY = STUDY OF THE SPECTRA OF
OBJECTS

Three types of spectra: -

e Continuous

e Emission I

B _



CONTINUUM SPECTRUM

107 meters 10° 106 10° 10° 107

1 nanometer 1000 nanometer 1 millimeter 1 meter 1 kilometer

Short Wavelenghts , Long Wavelengths

Visible Light

Ultraviolet Infrared
(UV) i (IR)

400 nanometers 500 nanometers 600 nanometers 700 nanometers

Continuum spectrum

Produced by a heated object, such as a star
All colors seen, though at varying intensities



CONTINUUM SPECTRUM = SMOOTH VARIATION IN
INTENSITY OF ALL FREQUENCIES

The frequency of peak intensity is related to the temperature! (Wien's Law)

Blackbody as
seen through a
spectrograph
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EMISSION SPECTRUM

Emission Line spectrum:
e Produced by a heated gas
® Only certain colors seen

® Fach gas has its own unigue
spectrum




EMISSION LINE SPECTRUM = RADIATION FROM
EXCITED (= HEATED) GAS

Some of the many energy
states of Hydrogen atom

® Electron jumps from high energy level to

Lyman series

‘OW eﬂergy ‘eve‘ 2 N {ultraviolet)
e Emits light of a certain frequency (color)

e For different atoms (elements) energy ' Balcescres

levels are fixed in nature

® SO0 each element has a unique spectrum Paschen series

{infrared)




EMISSION LINE SPECTRUM = RADIATION FROM
EXCITED (= HEATED) GAS

Emission R

ines Gy
\illll

Screen

eated
hydrogen gas
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EMISSION LINE SPECTRUM = EVERY ELEMENT HAS
UNIQUE SIGNATURE

Hydrogen




ABSORPTION SPECTRUM

* Produced by a cold gas
HYDROGEN SPECTRUM

e Certain colors are absent
Emission Specirum

® FEach gas has its own unique

spectrum *
Absorption Spectrum

¢ |sthe n ive of the emission 1 ! ! :
S the negative or the Emissio 400nm S00nm 600nm 700nm

spectrum



ABSORPTION LINE SPECTRUM = LIGHT ABSORBED
BY COOL GAS

| Some of the many energy
* Electron jumps from low energy level to states of Hydrogen atom

h|gh eﬂergy ‘eve‘ \ Lyman series

{ultraviolet)

e Absorbs light of a certain frequency (color)

e For different atoms (elements) energy

Balmer serwes

levels are fixed in nature ' (visible)

® SO0 each element has a unique absorption

Paschen series

SpeCtrum ’ : {infrared)




ABSORPTION LINE SPECTRUM = LIGHT ABSORBED
BY COOL GAS

Absorption
lines
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- Cool gas

Hot bulb




EX: SPECTRUM OF SODIUM

700 600 500 400 nm



THE SOLAR SPECTRUM SHOWS HUNDREDS OF

ABSORPTION LINES!

By comparing the frequencies (=
wavelengths) of missing lines with
spectra of gases in the lab, we

can determine the chemistry of
the Sun!!
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IMPORTANCE OF SPECTROSCOPY

e Spectra can tell us chemical composition of a
number of astronomical objects! Stars, molecular

clouds (Birth place of stars), nebulas, galaxies, etc. Wavelength
1.8 microns
/ 2.1 m!grgns
* More recently we have been able to get spectra / o
ot exoplanet atmospheres! Two ways to do this: ”/
1. Direct Imaging: Directly imaging an 59’/
exoplanet. /
2. Transit Spectroscopy: Measuring the change /

in the apparent radius of an exoplanet through
transits, as a function of wavelength.



L AB 2: PART 1 Incandescent High Power

Visual observation and sketching of different | |
types of spectra: Incandescent Low Power

e |ncandescent light bulb

e Fluorescent light bulb

Emission Lines



PART 1T CONT.

e Observe and describe emission spectra

of different elements/molecules.




PART 2-4

Measuring the wavelengths of the helium and hydrogen spectra:

When obtaining a spectrum of a celestial object from a spectrograph, what we
measure is tlux vs. pixel.

To convert pixels to real units (such as Angstroms), we need to compare our
spectrum with the spectrum of an element/molecule that is well measured

using the same instrument.
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PART 2:

e Use the program Cheese to measure the distance of the Helium emission
ines from the Zeroth order in pixels.

Zeroth
order

First order Second order
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PART 4

e Repeat distance measurements, this time with Hydrogen spectrum.

e Make sure not to move camera in between measuring the Helium and
Hydrogen spectrums.

First order Second order




PART 4 CONT

e Use graph to extrapolate and
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