
· All forms of the electromagnetic spectrum travel at the same speed (3.0 x 108 m/s)

· this speed is measured in a vacuum (airless environment) and actually travels slower through matter
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FIGURE 4-1 Electromagnetic
radiation travels in the form of
waves covering a wide range of
wavelengths and frequencies.
Visible light represents only a
small portion of this range, which
is known as the electromagnetic
spectrum.
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· The above diagram incorporates wavelength and frequency
· Wavelength (()  (  distance between corresponding points on adjacent waves

Units  (  m, nm, etc…

· Frequency (v)  (  the # of waves that pass a given point in a specific time (usually per 1 second)

Units  (  Hz (hertz)

· Wavelength and frequency are inversely proportional of each other and therefore, tie together in the following formula:

Formula

c = ( v


speed of light (3.0 x 108 m/s)

Photoelectric Effect

Photoelectric effect  (  the emission of light from a metal when light shines on the metal

· Only works if the light’s frequency is below a certain minimum, regardless of how long the light is shown on the metal

Why only light with frequencies below a certain minimum and not all frequencies?

Max Plank

· He said that hot objects do not emit electromagnetic energy continuously as would be expected if the energy emitted were in the form of waves

· Instead, he suggested that the object emits energy in small, specific amounts called quanta
Quantum  (  minimum quantity of energy that can be lost of gained by an atom


· He developed a 
E  =  h v
· formula:
frequency

Energy


Planks Constant 
(6.626 x 10-34 J/s)
Albert Einstein

· He said that electromagnetic radiation has a dual wave-particle nature

· While light exhibits many wavelike properties, it can also be thought of as a stream of particles, with each   particle carrying a quantum of energy

Photons  (  particle of electromagnetic 

radiation having zero rest mass and carrying a quantum of energy

· He went on to better explain the photoelectric process

· For an e- to be knocked off, it must be struck by a single photon with a frequency below the certain minimum

· Since different metals hold on to e- more tightly than other metals, the minimum frequency is different for all metals

Hydrogen-Atom Line-Emission Spectrum

· Passing a current through a gas (at low pressure) increases the potential energy of some of the gas atoms

Ground State  (  lowest energy state of an atom

Excited State  (  state in which an atom has a higher potential energy than in its ground state

· When an atom returns from an excited state to its ground state (or any other lower energy state) it gives off the energy that it gained in a form of electromagnetic radiation

Ex:

Colored light in neon lights

· When researchers passed an electric current through a vacuum tube filled with hydrogen gas at low pressure, they observed a pinkish glow

· When passing the pink light through a prism, it separated into a series of specific frequencies and wavelengths

· The bands of light were part of hydrogen’s line-emission spectrum
· Electricity, Heat, light, & atomic collisions are all just a few examples of where sufficient energy can be generated to cause an electron to leave the ground state and become excited
[image: image2.jpg]FIGURE 4-5 Excited hydrogen
atoms emit a pinkish glow. When
the visible portion of the emitted
light is passed through a prism, it is
separated into specific wavelengths
that are part of hydrogen’s line-
emission spectrum.
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as illustrated in Figure 4-6. The fact that hydrogen atoms emit only ‘ S Eo
specific frequencies of light indicated that the energy differences between Photon =£2= &1

he atoms’ energy states were fixed. This suggested that the electron of a
1ydrogen atom exists only in very specific energy states.

Additional series of lines were discovered in the ultraviolet and
nfrared regions of hydrogen’s line-emission spectrum. The wavelengths
of some of the spectral series are shown in Figure 4-7. They are known
is the Lyman, Balmer, and Paschen series, after their discoverers. In the
ate nineteenth centurv. a mathematical relatinnehin fhoat ralotad sl

FIGURE 4-6 When an excited
atom with energy £, falls back to
energy £, it releases a photon that
has energy E, - F; = Ephoton = hv.




Later discoveries showed that additional series of lines were present in the infrared and UV regions, as shown below.
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FIGURE 4-7 A series of specific wavelengths of emitted light makes up
hydrogen’s line-emission spectrum. The letters below the lines label hydrogen’s
various energy-level transitions. Niels Bohr’s model of the hydrogen atom
provided an explanation for these transitions.





· When an excited hydrogen atom returns to its ground state (or any other lower energy state), it emits a photon of radiation

· This photon’s energy can be calculated by taking the difference of the energy levels.
Ephoton  =  |E2 – E1|
=
h v

Bohr Model of Hydrogen Atom

· Bohr said that an e- circles the nucleus in orbits

· When an e- is in one of these obits, it has a definite fixed energy

· An e- (and actually the entire Hydrogen atom) is in it lowest energy state when it is in the orbit closest to the nucleus
· The energy of the e- is higher when it is in orbits that are successively further from the nucleus

(Think about potential energy  (  increases with height)
· When an e- is in orbit, its energy is constant and therefore energy cannot be gained or lost.  It must be in a specific orbit, and cannot be between orbits.

· However, it can move to a higher energy orbit by gaining energy equal to the difference between the 2 energy orbits.
· When this happens, the e- is in an excited state

· The e- will eventually fall back to a lower energy state, therefore emitting a photon with an energy equal to the difference between energy levels.

Ephoton  =  |Eexcited  –  Einitial|  =  h v

· Absorption takes place when an e- moves to an excited state

· Emission takes place when an e- falls from an excited state
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FIGURE 4-8 (a) Absorption and Ephoton
(b) emission of a photon by a hydro-
gen atom according to Bohr’s model.
The frequencies of light that can be
absorbed and emitted are restricted
because the electron can only be in
orbits corresponding to the energies
E;, E), E; and so forth. (a) Absorption (b) Emission





Diagram of Bohr Model

[image: image5.jpg]Bohr Model

for Hydrogen Atom
UV = Ultraviolet
IR = Infrared
o=y <t ©
DN arl 0
— | @
o0 o @
(=3 — 00
— <

\__ uv__ /\ Visible A\

B ABEBER
I

(SIS

=]
-

1094

1282

1875

(nm)





