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Spectroscopy  - is the study of the interaction between matter and 

radiated energy.

•Later the concept was expanded greatly to comprise any interaction with 

radiative energy as a function of its wavelength or frequency. 

• Historically, spectroscopy 

originated through the study 

of visible light dispersed 

according to its wavelength, 

e.g., by a prism.
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Spectroscopy

• The visible light 

spectrum with 

respect to 

wavelength and 

frequency

• The visible light 

spectrum with 

respect to 

wavelength
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Electrons can only be in certain energy levels in an atom because wave-particle duality means 

they interfere with themselves in the other levels. This behavior is described by the branch of 

physics called quantum mechanics.

• The elementary 

particle of light and all 

other forms of 

electromagnetic 

radiation is a photon.

• Like all elementary 

particles, photons are 

currently best explained 

by quantum mechanics 

and exhibit wave–

particle duality, 

exhibiting properties of 

both waves and particles, 

i.e. particles moving in 

waves of fixed length.

Spectroscopy
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Spectroscopy

• If a photon of exactly the right 

energy "hits" an atom, it can be 

absorbed and causes an electron 

to jump to an outer, higher 

energy orbit.

• A photon of the same energy 

is emitted when the electron 

falls back down to its original 

orbit after a short period of 

time.

• Electrons can also be raised 

to outer orbits when atoms 

collide.

•A photon of the characteristic 

energy is emitted along a 

different path when the 

electron falls back to its original 

orbit, resulting in dispersion of 

that wavelength of light.
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Spectroscopy

• When an electron moves from an outer, higher energy orbit to an inner, lower energy orbit, 

energy is released in the form of photon.

•The properties of this photon depend on the energy difference between the orbits.

• When photons from a source 

travel through a gas and reach the 

eye, or an instrument detector, 

either an emission line or an 

absorption line will be produced. 

•Dark lines in a broad spectrum are 

produced when a cold gas lies 

between a broad spectrum photon 

source and the detector because 

some light is selectively, and 

temporarily, absorbed and 

dispersed. 

Emission lines

Absorption lines

Visible light spectrum

• By contrast, if the detector sees photons emitted directly from a (hot) glowing gas, then 

the detector often sees photons emitted in a narrow frequency range by quantum emission 

processes in atoms in the gas, and this results in an emission line.
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Spectroscopy
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Spectroscopy

• Although it is convenient to draw protons, neutrons, and electrons as little dots, 

quantum mechanics tells us that they cannot be located accurately and are in fact 

more like fuzzy little fog clouds. We cannot predict precisely what they will do, 

leading to a scientific confrontation with the philosophy of determinism: science 

shows that there is fundamental uncertainty in what will happen in the future 
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Spectroscopy

•Every element in the periodic table has a characteristic spectrum to it. When those atoms 

are heated up, the transitions back down to lower-energy states cause emission lines, and 

when a background, multi-spectral light is shone on them, they absorb energy at those very 

same wavelengths.

• Spectral lines can be used to identify the chemical composition of any medium capable of 

letting light pass through it (typically gas is used). 

•Spectral lines also depend on the 

physical conditions of the gas, so 

they are widely used to determine 

the chemical composition of stars 

and other celestial bodies that 

cannot be analyzed by other 

means, as well as their physical 

conditions.

•Several elements were discovered 

by spectroscopic means, such as 

helium, thallium, and cerium.
spectral emission lines for the associated elements
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Spectroscopy

• The composite set of emission lines for a substance 

form a unique color signature for that substance.
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Hyperspectral imaging

• The human eye can see a narrow range of light waves

•Hyperspectral imaging is a technology that allows people to see wavelengths 

outside of the range of visible light, to get a glimpse at how objects look in the 

ultraviolet (UV) and infrared (IR) wavelengths—the ranges on either side of visible 

light on the spectrum.
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Hyperspectral imaging

• Hyperspectral imaging is the process of scanning and displaying an image within 

a section of the electromagnetic spectrum. 

•To create an image the eye can see, the energy levels beyond our visible 

perception are targeted, color-coded, and then mapped in layers. 

•This set of false-color images provides specific information about the way an 

object transmits, reflects, or absorbs energy in various wavelengths.

Using this procedure, the unique spectral 

characteristics of an object can be 

revealed by plotting its energy levels at 

specific wavelengths on a line graph. This 

creates a unique curve, or signature. This 

signature can reveal valuable information 

otherwise undetectable by the human 

eye, such as fingerprints or contamination 

of groundwater 

or food.
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Hyperspectral imaging

• Originally, NASA used 

multispectral imaging for 

extensive mapping and remote 

sensing of the Earth’s surface.

•In 1972, NASA launched the 

Earth Resources Technology 

Satellite, later called Landsat 1. It 

had the world’s first Earth 

observation satellite sensor—a 

multispectral scanner—that 

provided information about the 

Earth’s surface in the visible and 

near-infrared regions.
www.geology.com/novarupta/maps/landsat-novarupta-region-large.jpg

www.lockley.net/images/balt-dc_landsat_16_33-500x488.gif

•Like hyperspectral imaging, multispectral imaging records measurements of reflected energy. 

However, multispectral imaging consists of just a few measurements, while hyperspectral imaging 

consists of hundreds to thousands of measurements for every pixel in the scene. 
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Hyperspectral imaging

In 1983, NASA started developing 

hyperspectral systems at the Jet 

Propulsion Laboratory. 

The first system, the Airborne Imaging 

Spectrometer, led to the development 

of the powerful Airborne 

Visible/Infrared Imaging Spectrometer 

(AVIRIS) that is still in use today. 

AVIRIS is connected to the outside of 

aircraft and is used to gather 

information to identify, measure, and 

monitor the environment and climate 

change. 

In 2001, NASA launched the first 

on-orbit hyperspectral imager, 

Hyperion, aboard the Earth 

Observing-1 spacecraft.

www.ptgrey.com/news/pressreleases/details.asp?articleID=639
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Sent: Friday, January 11, 2013 4:38 PM 
Subject: [AASG]: Message from Marcia McNutt to USGS staff

Early Edition of the Monday Message: 

All Good Things Must Come to an End

It is with a heavy heart that I write to let you 

all know that as of February 15 I will be leaving the USGS. 

Top Moments at the USGS

6. Our hyperspectral survey of the nation of Afghanistan discovered 1

million metric tons of mineral wealth in more than 2 dozen world-class 

deposits of  copper, gold, lithium, rare earth elements, and other 

commodities. In commenting on our work, Scientific American speculated that 

replacing "opium and Taliban strongholds with a mining bonanza" could 

"change U.S. foreign policy and world stability."

Best wishes to you all,

Marcia
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Digital shaded-relief base map

Afghanistan
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https://www.slideshare.net/ElsevierConnect/natural-resources-in-afghanistan-by-john-f-shroder-chapters-13-and-14



https://www.forbes.com/sites/timworstall/2017/07/27/dear-president-trump-afghanistans-minerals-arent-very-valuable-theyre-really-not/#7847695f2615


