Preparing for Examination – Year 12
You will need to know the:

· The results of the Rutherford α scattering experiment and the conclusions arrived.

Read Page 607 (Walding). The positive charge is concentrated in the massive centre of the atom with electrons revolving in orbits around it like planets around the sun (see Figure 27.14).
· The limitations of the Bohr model of the atom. 

Limitation

This atomic model had a serious flaw in that, according to the electromagnetic

equations of Maxwell, any electron revolving in circular fashion around a nucleus is under

centripetal acceleration and should continuously radiate electromagnetic energy. This would

allow the electron to continuously lose energy and cause it to spiral in toward the nucleus. (Walding, p. 659).
(1) Mixture – it was a composite of classical and quantum physics

(2) Relative intensities of the spectral line – these could not be explained

(3) Hyperfine spectral lines – certain spectral lines are found to consist of more than one very fine and close lines. Bohr’s theory could not explain this

(4) Zeeman effect – the splitting of spectral line in a magnetic field could not be explained.
 
*
How to interpret the results of an output current (mA) versus voltage (v) graph for a Franck- Hertz experiment.
Read page 661 (Walding). 
Franck and Hertz explained these results in terms of quantum absorption. At voltages

below 4.9 V, the electrons interact elastically with the mercury atoms. At 4.9 V, the electrons

transfer most of their energy to the mercury atoms because the first excitation energy for

mercury is 4.86 eV. They now do not have enough energy to reach the collecting plate and

the current falls into a trough. If the voltage is increased again, the electrons gain enough

energy to reach the plate again. At 9.8 V, the electrons can make two inelastic collisions

with the mercury atoms and so the current falls again into a trough. If the spectrum of the

mercury is examined, an ultraviolet line can be found at 253 nm, which corresponds to the

emission from the atoms of photons of energy 4.9 eV as they return to their ground state. It

is this wavelength that is produced in a fluorescent light tube and converted to white light by the phosphor coating on the inside of the glass tube itself (Walding, Rapkins, & Rossiter, 2004)
My note: it is about the electrons of mercury atoms being bombarded by electrons. Read below.
Supplement apart from the textbook: In 1914, James Franck and Gustav Hertz performed an experiment which demonstrated the existence of excited states in mercury atoms, helping to confirm the quantum theory which predicted that electrons occupied only discrete, quantized energy states. 
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Sketch of Franck-Hertz Apparatus
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Source: 
http://hyperphysics.phy-astr.gsu.edu/hbase/frhz.html
Electrons are accelerated in the Franck-Hertz apparatus and the collected current rises with accelerated voltage. As the Franck-Hertz data shows, when the accelerating voltage reaches 4.9 volts, the current sharply drops, indicating the sharp onset of a new phenomenon which takes enough energy away from the electrons that they cannot reach the collector. This drop is attributed to inelastic collisions between the accelerated electrons and atomic electrons in the mercury atoms. The sudden onset suggests that the mercury electrons cannot accept energy until it reaches the threshold for elevating them to an excited state. This 4.9 volt excited state corresponds to a strong line in the ultraviolet emission spectrum of mercury at 254 nm (a 4.9eV photon). Drops in the collected current occur at multiples of 4.9 volts since an accelerated electron which has 4.9 eV of energy removed in a collision can be re-accelerated to produce other such collisions at multiples of 4.9 volts. This experiment was strong confirmation of the idea of quantized atomic energy levels. (The Franck-Hertz Experiment)
· How to calculate the wavelength of an emitted photon when an electron in an atom returns from higher energy level to a lower energy level.

Read page 661 of textbook (Walding).
· How to change energy in eV to joules and vice versa
Read page 660 of textbook.

· When given an energy level diagram with the levels given in negative values (eV or joules), how to express the levels in positive values of eV or joules, be ground state 0 eV or joules.
Add positive ground state energy to both to bring the ground state energy level to 0 eV and others to positive.
· What happens when an electron or photon makes an elastic collision with an atom in its “ground state”?
In general, when an electron or photon hits an atom, two possible scenarios can occur. If the relative velocity between the two colliding bodies is so high that the electron of the atom being hit moves to a high shell (orbit), then the collision is inelastic.
Since the question concerns with elastic collision, there will be no energy loss for both of the hitting electron or photon and the atom being hit. That means no energy exchange.
· How to calculate the energy of the scattered electron and energy of the photon(s) released when an electron makes an inelastic collision with an atom in its ground state.

An electron hits an atom. Remember that the electron may have the energy that can pump the electron of the atom to a higher shall or can have not enough.

i) if the energy of the hitting electron is higher than the required then part of the energy is used to pump up the electron of the atom being heated. The remaining part of the energy will remain in the hitting electron. 
Then the atom after the hit is excited. It is because that its electron has moved to a higher shall after receiving some energy from the hitting electron. However, this excited state (remember that ground state means not excited) is not stable. The atom will release the energy when its excited electron gives off a photon (light) and moves back to the ground state.

Depending on the type of atom is being hit, different lights will be given off.

ii) If the energy of hitting electron is not enough to excite the atom being hit, then there will only be elastic collision.
*
How to repeat the above when a photon hits an atom in ground state. (Remember a photon can lose all its energy) energy or none.
For “energy or none” read page 656 of textbook, the last paragraph. For the photoelectric apparatus in Figure 29.2, a single photon ejects a single electron. Remember that the higher the frequency of photon (light) the higher is the energy. That is why photocurrent can only occur when the frequency exceeds the threshold frequency, 
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. A photon will give up either all its energy to an electron or none of it.
However, for Compton Effect (page 657 to 658), a X-ray photon may give up part of the energy and has its frequency changed.
Read page 657 to 658, The Compton Effect and Light Pressure.
Notice hf and hf’ in “Figure 29.4”.

In physics, Compton scattering or the Compton effect is the decrease in energy (increase in wavelength) of an X-ray or gamma ray photon, when it interacts with matter. Inverse Compton scattering also exists, where the photon gains energy (decreasing in wavelength) upon interaction with matter. The amount the wavelength changes by is called the Compton shift.(Wikipedia, 2008).
*
What is meant by excited state?

At ordinary temperature the radii of the various electron shell are fixed and the electrons in them possess a fixed amount of energy. Under these conditions the atom is said to be in its lowest energy state or ground state. If the atom is given some extra energy, for example, when a substance is heated or if the atom is struck by a fast-moving ion in an electric discharge tube, then one or more of the electrons may jump on energy level into a higher one. In this state the atom is said to be excited (Abbott, 1973)
· What is meant by ionization energy?
It is the energy to set free an electron from an atom. Read page 659 of textbook.
If you read Figure 29.6 of page 660 of the textbook, you will be able to find out the ionization energy of hydrogen.
· Formulae for energy level calculations
Read Page 659 of textbook.
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Where 
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 is Rydberg constant, which is 1.097 x 
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The above is for hydrogen.
Since c = f * 
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where c is the velocity of light or photon, f is the frequency, and 
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 is the wavelength.

Remember that the speed of light is a constant.

Hence, 
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as from above

Therefore, 
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Since,

E = h
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therefore,
E = h c
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The above formula is about difference of energies, initial and final excitation states.

So, 

energy of the nth level (for hydrogen) = - h c 
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As well,

energy of the nth level can be, 
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where 
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(page 660 of textbook)
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· You need to know Young’s Double Slit Formula
Read page 325 of textbook. 
Note,





n λ = d sin θ
Reminder: constructive interference to produce a wave of twice the amplitude an anti-node. Destructive interference is about canceling each other, producing a node (Page 313, textbook).
Also,
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Where
n
=

the nth anti-nodal line, n = 0, 1, 2, 3…
λ
=

the wavelength (meter)

d
=
the distance between slits
X
=
the distance from the central maximum (meter)
L
=
the distance from the slits to the screen (meter)

· For the photoelectric, what is “threshold frequency”, “Work function”, “
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”, and “stopping voltage”?

“Threshold frequency” has been discussed above. Read page 656 of textbook, about photoelectric effect.
For the rest of the question, read the same page.
*
Einstein’s photoelectric equation
Read page 656 to 657 of textbook
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Where 
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= cut off voltage necessary to reduce the flowing photocurrent to zero; v is the velocity of the ejected electron velocity

Appendix
What is Coulomb?

1 coulomb is the amount of electric charge transported by a current of 1 ampere in 1 second.
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It can also be expressed in terms of capacitance and voltage, where one coulomb is equal to one farad of capacitance times one volt of electric potential difference:
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What is one eV, electronic volt?

In physics, the electron volt (eV) is a unit of energy. By definition, it is equal to the amount of energy gained by a single unbound electron when it accelerates through an electrostatic potential difference of one volt. In SI units, it is the number which measures the charge of the electron with the unit changed from C to J.

1 eV = 1.602 176 53(14)×10−19 J. [1] 

So an electron volt (electronvolt according to the NIST) is 1 volt ( 1 joule / 1 coulomb ) multiplied by the electron charge ( 1.602 176 53(14)×10−19 coulomb ).

What is one Volt?

The volt is defined as the potential difference across a conductor when a current of one ampere dissipates one watt of power.[3] Hence, it is the base SI representation m2 · kg · s-3 · A-1, which can be equally represented as one joule of energy per coulomb of charge, J/C.
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What is one Amp?

an ampere is one coulomb of charge going past a given point in the duration of one second; that is, in general, charge Q is determined by steady current I flowing per unit time t as:
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