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Atoms and Spectral Lines

The Atom

Nucleus
(protons
and

neutrons)

Low energy orbit

/ Protons: + charge
n=3 .
High energy orbit Electrons: — charge

Neutrons: neutral




Atoms

» The type of element depends on the number
of protons in the nucleus.

— Hydrogen = 1 proton
— Helium = 2 protons
— Carbon = 6 protons

o # of electrons usually equals number of
protons

— Atom is electrically neutral

— lon: atom where number of electrons does not
equal number of protons




Electrons

 Electrons can move to
different orbits, but they High energy level
must gain or lose energy
to do so.

 Energy difference
between levels Is unique | ow energy
for each element level

« The emitted or absorbed
photon energies, and
hence wavelengths,
correspond to the
difference between energy
levels.
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Absorption Spectra

 Continuum radiation observed after passing through
a cool gas

 Electron in gas absorbs photon of light to move to a
higher energy level

photon

Photon energy must be equal
to energy difference between
atom’s energy levels
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Relative Intensity

Emission Spectrum
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Figure 3.14 Copyright © The McGraw-Hill Companies, Inc.



Emission Spectra

» Observe a hot, thin gas

 Electron gives off a photon of light to move

to a lower energy level

photon Photon energy must Ipe equal
to energy difference in atom
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Power supply
(electricity heats
hydrogen in tube)

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Hydrogen emission
spectrum

552 Note light at only

some wavelengths.
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Hydrogen atoms in tube

Atom emits at wavelength set by the
orbit its electron happens to be in.
Thus, if electron jumps from orbit 32,
the atom emits red light. If the electron
jumps from 52, it emits violet, efc.
No orbit jump corresponds to yellow
or green light so those colors do not
appear in the hydrogen spectrum.

Figure 3.13 Copyright © The McGraw-Hill Companies, Inc.

Emission Lines
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The relatively cool, thin, outer atmosphere of a star will
produce a

continuum spectrum
absorption spectrum
emission spectrum

blackbody spectrum

O 0w >
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The relatively cool, thin, outer atmosphere of a star will
produce a

A. continuum spectrum

C. emission spectrum
D. blackbody spectrum
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lonization

 Electron absorbs enough energy from
photon to leave the atom

photon ‘
O

1.2

Q
1 -
0.8

08 1

Transmittance

04 -

0.2 1

D I I I I I ! I
89 G4 99 104 109 114 119 124
Wavelength (nm)



13

Recombination

e Electron recombines with the atom and the
atom emits energy in the form of a photon
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Review of Spectra

Blackbody

|
|

Cloud of gas » — :
Absorption line spectrum
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Continuous spectrum

Emission line spectrum
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Doppler Shift

» The wavelength of light is affected by the
motion of the object.

1 Wave motion
E )

True wavelength/ "y, N\ True wavelength
e o ____.-"I

e

Observer Observer

Source
at rest
Observer behind sees Observer in front sees
longer-than-normal 1 shorter-than-normal
wavelength wavelength

Bt
Moving source

Applet 1
Applet 2
Applet 3



http://www.uwsp.edu/physastr/kmenning/flash/AF_1708.swf
http://www.falstad.com/ripple/index.html
http://bcs.whfreeman.com/dtu7e/pages/bcs-main.asp?v=chapter&s=04000&n=00080&i=04080.02&o=|00500|00510|00590|00530|00540|00560|00570|00PRS|00580|00010|00020|00030|00120|00050|00060|00070|00080|00090|00100|00110|00130|01000|02000|03000|04000|05000|06000|07000|08000|09000|10000|11000|12000|13000|14000|15000|16000|17000|18000|19000|99000|&ns=328
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Doppler Shift

A /1 A/ = change in wavelength
4 A = rest wavelength

v = line of sight velocity
/1 C ¢ = speed of light

» The larger the velocity, the greater the
wavelength shift.



: Suppose a spectral line with a normal wavelength of
633.000 nm Is measured at 633.225 nm by a telescope
spectrograph. What is the speed (relative to Earth, along
the line of sight) of the object that emitted the spectral line?

A. 355 km/s
B. 633 km/s
C. 107 km/s
D. 225 km/s
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Suppose a spectral line with a normal wavelength of
633.000 nm Is measured at 633.225 nm by a telescope
spectrograph. What is the speed (relative to Earth, along
the line of sight) of the object that emitted the spectral line?

A. 355 km/s
B. 633 km/s
D. 225 km/s
L (3.0x10° m/s) 0.225 nm
A 633.0 Nm

=1.07x10°> m/s =107 km/s
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* Object moving
toward observer:
wavelength gets

S
* O

norter (blue-shifted)

nject moving away

from observer:
wavelength gets
longer (red-shifted)

A

« NOTE: Side-to-side motion cannot be

measured with the Doppler effect.



Rotation of
objects

| ‘ /\ Spectrum of ice when at rest
I

AL —
The spectra of the ice in Saturn’s rings are different when

observed from points A, B, and C, as compared with the
spectrum collected when the ice particles are at rest.
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Spectrum of Saturn’s Rings

Spectrum of ice when at rest
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T
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The spectrum at the bottom is emitted by an object

( - A
A.|moving toward the | /\ Cest
observer |
B. moving away from ' A
the observer | /\ A
C. at rest with respect y—
to the observer
D. moving sideways to 0% 0% 0% 0%
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