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Spectroscopy: Lecture 1

Spectroscopy:  The overall view
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Light:

Q.  What is light?

Q.  Do you see light ?

Laser pointer

Q.  What produces light?



When a charge is accelerated, it produces a changing electric field

A changing electric field produces a changing magnetic field

A changing magnetic field produces a changing electric field, and so 
on…

So an accelerating charge produces a disturbance (wave) of E and B
fields  which then propagate through the space.

Frequency of the wave depends on the acceleration of the charge.

Complete spectrum is called electromagnetic spectrum



http://mc2.gulf-pixels.com/wp-content/uploads/2009/07/Electromagnetic-Spectrum2.jpg



The terahertz (THz or 1012 Hz) region
(roughly 200 GHz to 10 THz - or 30 µm to
1.5 mm wavelength) situated between
infrared light and microwave radiation

Many complex molecules have rotational
and vibrational modes in this region, and
many materials such as plastics, clothing,
and semiconductors are transparent to
terahertz radiation. Terahertz spectroscopy
could therefore be used to detect and
identify explosives, bioweapons, and
narcotics, as well as in cancer screening and
proteomics (the study of proteins within the
body).

Terahertz

www.nextenergynews.com/news1/Next2.6a.jpg 



Common spectroscopy techniques and their origin:

γ-ray : Rearrangement of elementary particles in nucleus

X-ray: Transition of inner electrons in atoms

UV-Visible: Transition of valence electrons

Raman & Infrared :  Vibrational transitions

Microwave:  Rotational transitions

ESR (Electron spin resonance): electronic spin transition in magnetic field

NMR (Nuclear magnetic resonance): Nuclear spin transitions in magnetic field.



Black Body Radiation

• What is black body ? 
• All objects radiate as continuous spectrum
• How come…. I don’t see the room glowing ?



Very similar graph of X-ray spectrum of molybdenum as a function of applied voltage.

*  Bremsstrahlung (braking radiation) due to electron deceleration (plots up to 20 kV)

*  Characteristics radiation Kα,  Kβ, …



Black Body Radiation

• At 6000 K (approx. Sun temperature) maxima is in visible region.



Black Body Radiation

•At room temperature, maxima is in infra red region.  
•We can not see, but snakes do.  Also night vision cameras. Thermal imaging.



http://www.cudo.jp/e/images/eye1.gif

http://www.colorcube.com/articles/basics/1sscurve.gif
http://www.amastro2.org/at/ot/othcs.gif



* Additives  Primary colors are GRB (light is emitted:  TV, movies, flames, lasers, LEDs,)  
Yellow means both green and red rays are present

*  Subtractive  Primary colors are YMC  (light is absorbed: Printer, paints, flowers…)
Yellow means blue is absorbed from the white light source.



Subjective colors
°C Subjective color
480 faint red glow
580 dark red
730 bright red, slightly orange
930 bright orange
1100 pale yellowish orange
1300 yellowish white
> 1400 white (yellowish if seen from a distance)

http://en.wikipedia.org/wiki/Thermal_radiation

*  About 500 C, things starts to glow and from color of the glow one can 
estimate the temperature. (pyrometer)

* Not very specific technique for identifying chemicals.  
(TES:  Thermal emission spectroscopy)



What about UV:

Who sees it?

Guess: λ (wavelength)  is small.



Interaction of light with materials:
1.  Reflection  (diffuse, specular))
2.  Refraction
3.  Transmission
4.  Dispersion
5.  Absorption
6.  Diffraction
7.  Interference
8.  Scattering
9.  Photoelectric effect
10.  Annihilation
11.  fluorescence, etc…

What will happen depends on:

Nature of material 

Nature of photon (energy, intensity)

Smoothness of surface  (discuss size vs λ)
Why radar is made of wires?

Angle of incidence, etc...
Normal rays : mostly transmitted
Inclined rays: mostly reflected
Total internal reflection
Brewster angle (polarization)



Refraction and dispersion:

Index of refraction n   = 
C

V

V is smaller in dense medium:  C = f λ (in vacuum)  

Q:  Is there a change in f  (frequency)  why not?

n = c/v  = c /(fλ)

n ~ 1/ λ ( means blue light will disperse more)



Solar spectrum:Fraunhofer  lines (1817)

Table 1.1: Identification of Fraunhofer  lines. Most lines are of solar 
origin, but a few are due to absorption in the earth's atmosphere.

Fraunhofer Line Element Wavelength (Å)
A - (band) O2 7594 - 7621
B - (band) O2 6867 - 6884
C H 6563
a - (band) O2 6276 - 6287
D - 1, 2 Na 5896 & 5890
E Fe 5270
b - 1, 2 Mg 5184 & 5173
c Fe 4958
F H 4861
d Fe 4668
e Fe 4384
f H 4340
G Fe & Ca 4308
g Ca 4227
h H 4102
H Ca 3968
K Ca 3934

hesperia.gsfc.nasa.gov/.../online/node1.html



Solar spectrum:

hesperia.gsfc.nasa.gov/.../online/node1.html

nm



Aurora in Ionosphere ( 100km-1000 km)
Spectral lines due to hydrogen, oxygen, 
nitrogen. 
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