HKAL Test bank (Essay) : Part 5 Atomics Physics

Chapter 19 Extra-nuclear Physics

19.1
Cathode Ray (Thermionic Emission)

19.1.1
Thermionic Emission

(a)
Operation Principle

Thermionic emission occurs when a metal is heated to a temperature that the loosely held electrons in the metal acquire kinetic energy high enough to escape from the metal against the inward attractive force.

or
(Thermionic emission is the emission of electrons from a heated metal surface at very high temperature.)
(b)
Energy of the Emitted Electrons

Electrons emitted in thermionic emission have the lowest maximum kinetic energy (less than 1 eV) as they are just able to escape from the metal.
19.1.2
Production of Cathode Ray Tube

(a)
The advantage of Using Thermionic Emission

(i)
Thermionic emission can be achieved easily by heating a metal directly or indirectly using electrical means.

(ii)
Photoemission of electrons from illuminated surface highly depends on its state of polish and the cleaniness of the surface.


(iii)
There exists a threshold frequency for photoelectric emission.

(b)
Operation
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(i)
The loosely bound electrons in the metal cathode are given sufficient K.E. by the heating so that they are able to escape from the attraction of the +ve ions in the metal lattice - and the surface.
(ii)
Electrons are attracted by the +ve potential anode and a current flows around circuit.

(iii)
Electrons suffer collisions with gas molecules inside diode and the variation of current I is not proportional to V, all electrons given off by the cathode not being collected by anode until saturation reached (S).
19.2.
CRT and CRO

19.2.1
Operation
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(a)
Electron beam produced by heated cathode C.
(b)
Electrons attracted by +ve potential anodes A1/A2 (focusing).
(c)
Beam deflected in Y-direction by voltage across plates from external signal and in X-direction by time-base f variable. 
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(d)
Beam on hitting screen produces fluorescent spot and trace of input signal e.g. 
[image: image5.wmf] observed.
Alternative Description

(a)
Heater H & cathode C, grid G, anodes A1 & A2, deflecting plates X, deflecting plates Y, tube & screen, potentiometer.
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(b)
Structure

(i)
The filament (heater H) is heated by passing a current from a low voltage supply. The cathode C is indirectly heated by radiation from the hot filament, electrons are emitted from the cathode surface. (Thermionic emission)

(ii)
The grid potential is more negative to the cathode so that less energetic electrons are repelled. The grid potential can be adjusted to control the number of electrons passing and hence the intensity of the beam (i.e. the brightness of the spot).

(iii)
The focusing anode A1 and the accelerating anode A2 together form an electron lens system so as to focus and accelerate the beam.

(iv)
The potential of anode A1 is adjustable and in turn controls the sharpness.

(v)
The graphite coating provides a return path for the electrons reaching the screen back to the cathode.

(vi)
The anode A2, one of the X-plates and one of the Y-plates are also earthed so that they together with the graphite coating form a field-free region between A2 and the screen. (i.e. shield the beam from external electric fields)

(vii)
As a result the electron beam leaving anode A2 is not deflected if no external p.d. is applied to the deflecting plates.

(viii)
This avoids the disturbance by nearby earthed objects (such as an observer’s hand) outside the CRT.

(c)
Time base

(i)
Time base circuit is an electronic circuit which generates a saw-toothed voltage applied to the X-plates internally.
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The time base circuit repeatedly moves the spot from left to right across the screen at a steady speed (i.e. sweep) and then brings it back nearly instantaneously to the left side (i.e. flyback). Thus it allows a waveform to be displayed on the screen.

(d)
A capacitor for blocking the unwanted d.c. component.
19.2.2
Advantages and Disadvantages of using CRO to Measure Voltage

(a)
Advantages :


(i)
Nearly infinite internal resistance.

(ii)
Quicker response than pointer.


(iii)
Not easily damaged by overloading.

(b)
Disadvantages :


(i)
No direct reading/need calibration.

(ii)
It is bulky.


(iii)
It needs electric supply to operate.

19.3
Photoelectricity

19.3.1
Photoelectric Effect

19.3.1.1
Operation
For photoelectric effect, electrons are emitted from metal surfaces when electromagnetic radiation of high enough frequency falls on them.

or 
(Phototelectric effect involves the emission of electrons from metal surfaces when electromagnetic radiation of high enough frequency falls on them.)
19.3.1.2
Characteristics

(a)
Photoemission occurs almost instantaneously when the metal surface is exposed to radiation (i.e. nearly no time delay.)

(b)
For a given metal there is a certain minimum frequency vo of radiation (called threshold frequency or cut-off frequency) below which no photoemission occurs regardless of the intensity of radiation.

(c)
The maximum K.E. of photoelectrons increases with the frequency of radiation, but is independent of the intensity of radiation.

19.3.1.3
Energy of the Emitted Electrons

The maximum kinetic energy of the photoelectric emission electrons is of the order of eV depending on the difference between the energy of the incident photon and the work function.

19.3.1.4
Comparison with Thermionic Emission

(a)
Thermionic emission is the emission of electrons from a heated metal surface at very high temperature.
(b)
Photoelectric emission is the emission of electrons from a metal surface exposed to electromagnetic radiation such as visible light, ultra violet light, X-rays etc.

(c)
Thermionic emission can be achieved easily by heating a metal directly or indirectly using electrical means.

(d)
Photoemission of electrons from illuminated surface highly depends on its state of polish and the cleaniness of the surface.

(e)
There exists a threshold frequency for photoelectric emission.

19.3.1.5
The Inadequacy of the Wave Theory of Light

(a)
The maximum kinetic energy of the photoelectrons emitted does not increase with the intensity of the incident radiation.

(b)
As the range of emission speeds (or kinetic energy) from zero to a maximum is due to electrons having a range of possible kinetic energies inside the metal.

(c)
Those with the highest kinetic energy are emitted with maximum speeds. According to the wave theory, we would expect a certain number of photoelectrons to be ejected with greater speeds when the radiation intensity increases.

(d)
No time lag between the time when the metal surface being irradiated and the start of emission of photoelectrons is observed, even when the radiation is weak. According to the wave theory, radiation energy is spread over the wavefront and since the amount incident on any one electron would be extremely small, some time would elapse before an electron gathered enough energy to escape.

(e)
There exists a characteristic cutoff frequency vo for a particular surface. For frequencies less than this, the photoelectric effect disappears, no matter how intense the illumination. According toe the wave theory, the photoelectric effect should occur for any frequency of light, provided only that the light is intense enough.

Alternative Description

(a)
Light incident on alkali metal at A and ejected photo-electrons travel to gauze cylinder G and current observed in electrometer E.  Potential H varied until electrons stopped and current drops to zero.
(b)
Use light of different frequencies (. Then eVs = ½mvmax2 = Elight - W0, where W0 is the work required to move a free electron out of the surface. Form experiment, energy of light photon (or particle) Elight = h(. Thus maximum K.E. of emitted electrons does not depend upon the intensity of the light (expected from wave theory) but the frequency (expected from photon/particle theory).

19.3.2
Frequency of Radiation

Light may be considered to consists of the intermittent emission of integral multiples of particles, called photons, possessing a quanta of energy, E = hf, where f is the frequency of the radiation and h the Planck constant.
19.3.3
Einstein’s photoelectric Equation

19.3.3.1
Meaning of the Terms

Einstein’s photoelectric equation is 
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: work function of metal, the work required to remove an electron from the metal surface.
Alternative Description

hv is the energy of an incident photon of frequency v and h is the Planck constant,
ψ is the work function of the metal which is the minimum amount of energy to ‘free’ an electron from metal surface.
19.3.3.2
Explanation of the Photoelectric Effect by Einstein’s Equation

(a)
Einstein proposed that when a photon collides with an electron, the incident photon can either be scattered with no reduction in energy (if hv < ψ) or it gives up the whole of its energy to only one electron on the metal surface (if hv ≧ ψ).


The photon cannot deliver its energy to more than one electron.

Photoemission results fro ma one-to-one interaction between an electron and an incident photon, so there is no time delay before emission starts.

(b)
If the frequency v of the incident photon is less than the threshold frequency vo, i.e. hv < ψ where ψ = hvo, none of the photons can supply enough energy to free an electron from the metal surface.

According to photon theory, increasing the light intensity merely 
increases the number of photons (passing unit area) but does not 
increase the energy of each individual photon.

(c)
Einstein reasoned that part of the energy imparted by a photon is used to remove the electron from metal surface by overcoming the attractive force between the electron and the remaining positive ion (i.e. the work function ψ) and the rest appears as the K.E. of the emitted electron.

As many of the emitted electrons are involved in collisions on their way out of the surface and therefore emerge with a range of K.E. from zero up to a maximum. Hence Kmax = hv – ψ and Kmax increases with v.
19.3.3.3
Stopping Voltage – Frequency Graph
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(a)
Monochromatic light (f varied using spectrometer) incident on metal X.  Emitted photo-electrons collected by C and
current measured by electrometer E.
(b)
Stopping potential Vs is adjusted so as to just stop collection of emitted photo-electrons, Vs increases linearly with frequency f, since by assuming energy quanta hf we have 

, ( being the minimum amount of energy needed to liberate a free electron

from surface (work function) - varies with metal.
19.3.3.4
Current – Voltage Graph
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(a)
Figure above illustrates the basic features of the laboratory apparatus for investigating photoelectricity. It contains a vacuum photoelectric cell P with a photosensitive metal C of large area and a collector of electrons D.

(b)
I – V Graph
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(i)
Photoelectrons emerge with different speeds (or K.E.).


(ii)
When V is positive, current is constant 
because all photoelectrons can reach electrode D.
(iii)
Current falls when V is negative because the less energetic photoelectrons cannot overcome the potential barrier.
(iv)
When V reaches the stopping potential (V = -Vs) even the most energetic photoelectrons are repelled back so no current flows.
(c)
Dependence of the Graph on the Frequency
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(i)
Increasing light intensity,


As frequency is constant
( same maximum K.E. ( Vs remains unchanged


As intensity is increased
( no. of photons increases







( no. of photoelectrons ejected increases ( current increases

(ii)
Increasing light frequency,


As frequency is increased( energy of each photon increase





( maximum K.E. of photoelectrons increases







( magnitude of Vs increases


As intensity is constant and energy of each photon increases


( no. of photons decreases ( no. of photoelectrons ejected decreases


( current decreases

19.3.4
Application of Photoelectric

(A)
Reproduction of Sound from Film Soundtracks
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(a)
Light is focused on the ‘soundtrack’ of a moving film.
(b)
The ‘soundtrack’ varies the intensity of light falling on a photocell.
(c)
The photocell creates a varying current, thus produces a voltage which is amplified for driving a loudspeaker.
19.3.5
Wave-Particle Duality of Electron
The wave-like behaviour of an electron is considered to be associated with the probability of finding the electron at a particular location, at a particular time. Probability ( intensity of wave.
19.3.6
Wave-Like Properties of Electrons
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(a)
A beam of electrons strikes a thin film of graphite just beyond the anode.

(b)
A diffraction pattern, consisting of concentric rings, is observed on the fluorescent screen
showing the wave-like behaviour of electrons.

19.4
Electrons Inside Atoms

(a)
On collision some of the K.E. of the electron will be ‘absorbed’ by atom, exciting the atoms to a higher internal (quanta) energy level and the electron will continue with a reduced K.E.
(b)
Thus K.E. is not conserved and collision is non-elastic.
19.4.1
Comparison with Satellite Revolves Round the Earth

Similarities :
The relatively massive body (earth/proton) remains practically at rest at the center.



Having negative potential energy (closed system).




Forces directed to centre obey inverse square law.

Difference :
Gravitational attraction versus electrostatic attraction.




Continuous range of orbital radii versus discrete orbital radii.

Orbit of the satellite is definite versus orbit of the electron is the probability of its distribution.
19.4.2
Franck and Hertz Experiment

19.4.2.1
Operation
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(a)
At low voltages V1 electrons repelled by -V2 do not reach anode.
(b)
As V1 increases K.E. of electrons increase and more electrons are collected by A, increasing current I.
(c)
Collisions with xenon atoms are elastic.

(d)
At VC some electrons have sufficient kinetic energy to excite the atoms to their first higher internal energy level, electrons lose energy and current decreases (velocity reduced, less no. of electrons reaching A per sec.)
(d)
On further increasing V1 electrons (which have lost energy on collisions), 
now have sufficient energy to reach A and current increases.

(e)
Importance of experiment is the demonstration of internal discrete (quanta) energy for atoms.
19.4.2.2
Conservation of Energy in Franck-Hertz Experiment


[image: image18.wmf]4.9 V

0

C

B

V

5

10

15

D

in volts

current


(a)
The voltage +V is varied between the cathode and anode of a vacuum tube containing Hg vapor. A small retarding potential exists between an intermediate grid to prevent electrons reaching anode.

(b)
From O ( B electrons accelerate and current increases.
(c)
At B, C, D inelastic collision take place with Hg atoms raising their internal energy to a quantised value.

(d)
Current I drops due to a loss of K.E. of electrons.

19.4.2.3
Atom with Energy Levels

Frank-Hertz experiment (or hydrogen emission spectrum) – energy of an atom can only be raised by specific amounts as inelastic collisions occur at certain
 accelerating potentials for the colliding electrons. As the atom can only be excited to an energy level with a fixed gap, the energy levels in an atom are therefore quantized/discrete.
19.4.3
Hydrogen Spectrum

19.4.3.1
Gas Discharge Tube

(A)
Light Production Mechanism
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(i)
Explain discrete energy levels.

(ii)
Excitation by electrical discharge (energy transfer on collisions of ions).

(iii)
Emission on decay to ground state, frequency given by e.g. h( = E1 - E0.
(iv)
Time taken before emission or probability of emission depends upon atom/energy level but also number of photons of energy h( = E1 - E0 available (to stimulate emission ) - very few in discharge.
(v)
The spontaneous emissions from the atoms occur randomly and the individual waves emitted are not in phase.
Alternative Description

(i)
In a gas discharge tube a high voltage (~ 1,000 V) is applied across electrodes in a tube containing a low pressure gas.

(ii)
Due to the large electric field breakdown of gas takes places with free electrons accelerating and and on collisions with gas atoms raising these to high internal energy states. 
(iii)
When these revert to the (normal) ground state, photons of energy, e.g. h(40 = E4 - E0, where E4 is the energy of excited state and E0 the ground state.
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(iv)
There are lines of discrete frequencies (n0 radiated in emitted spectra; with lines closer at low ( end of the spectrum. Intensities of lines depend upon transition probabilities.

(B)
Characteristics of the Light Emitted

(i)
Light exhibits a wide spectrum of single frequency lines or bands, characteristic of gas.
(ii)
Light is incoherent.

(iii)
Intensity of light is weak.
(C)
Hydrogen Discharge Tube

(i)
The electron in a hydrogen atom is only permitted to have certain energy values corresponding to certain energy levels of the hydrogen atom.
(ii)
When the electron of an excited atom falls back down to its original energy level the ‘surplus’ energy E = E2 – E1 is emitted as a photon of a specific frequency f (= E / h).

(iii)
Within the atom, there is a range of permitted energy levels that an electron can move to and hence photons of a range of discrete energies (wavelengths) would be emitted.
19.4.3.2
Energy Levels

(a)
The energy levels of a hydrogen atom, in eV, are given by En = - 13.6 / n2, where n = 1, 2, 3,…
(b)
Ground state is the lowest energy level of an atom (An atom is most stable, i.e. in its ground state, when it has minimum energy)

If an atom is in its ground state and absorbs an amount of energy eV which just removes an electron completely from the atom, then V is said to be the ionization potential of the atom.
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(c)
(i)
Bombard the atom by accelerated electrons of high enough energy, in the order
of eV.

Irradiate the atom by electromagnetic radiation of energy hv which matches with the energy difference between two energy levels.

(ii)
An excited hydrogen atom is unstable due to the extra energy gained with respect to the ground state.

This energy is eventually radiated in the form of electromagnetic radiation
(photon) when the excited atom returns to the ground state directly (or through
an intermediate energy level). Thus a number of frequencies of electromagnetic radiation may be produced, which give rise to the emission line spectrum of hydrogen.
19.4.4
Absorption Spectrum

(A)
Principle

(i)
The absorption spectrum of an element is the same as its emission spectrum except that the latter consists of bright lines on a dark background and the former of dark lines on a bright background.
(ii)
A line absorption spectrum is produced when white light passes through a cooler gas or vapour.
(iii)
The atoms of the cooler gas absorb light of the wavelengths which they can emit, and then re-radiate the same wavelengths almost immediately but in all direction.

(iv)
Consequently, the parts of the spectrum corresponding to those wavelengths appear dark by comparison with other wavelengths not absorbed.
(B)
Absorption Spectrum of Iodine
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(i)
Vaporize some iodine crystals in a test tube by warming. View a straight filament lamp through iodine vapour with a diffraction grating, The grating should be set with its lines parallel to the filament of the lamp.

(ii)
A continuous spectrum consisting of some dark lines is observed. The light from the lamp is a continuous spectrum consisting of photons of a range of energies.


(iii)
When the light is incident on an iodine molecule, it can only absorb energy from a photon whose energy is just enough for exciting it to a higher energy state.

(iv)
When the excited molecule returns to ground state, it re-emits light of the same wavelength of the photon but equally in all directions.


(v)
So the intensity of the radiation in the direction of the incident photon is reduced. 


(vi)
However, photons of other wavelengths will pass straight through.

(vii)
Thus a dark line, whose wavelength is that of the absorbed photon, is seen on the background of a continuous spectrum.
(C)
Absorption Spectrum of the Sun


(i)
The sun emits a continuous spectrum of photons.

(ii)
Vaporized elements in the (relatively cooler) outer part of the sun’s atmosphere absorb those photons whose energy is just sufficient to excite them to a higher energy level.

(iii)
The sun’s spectrum is now darker at wavelengths characteristic of the elements in the sun;s atmosphere.

(iv)
Elements can then be identified by studying the wavelengths of those dark lines.
(D)
Absorption Spectrum and Resonance
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(i)
Atoms have certain characteristic excitation energy levels and can absorb electromagnetic wave radiation energy at particular frequency (e.g. h(31), i.e. resonant frequencies.

(ii)
Energy lost by re-radiation of e.m. wave and atom returns to ground state.
(iii)
Since radiated in any direction a dark absorption line is observed in diffraction grating spectrum.


Alternative Description

(i)
Fraunhofer absorption lines in the sun’s electromagnetic wave spectrum. Resonant frequencies determined by the characteristic energy levels of the constituents of the sun’s atmosphere.

(ii)
Width of absorption lines due to

(1)
Doppler shift due to temperature/molecule movement,


(2)
broadening of energy levels due to neighbour atomic interactions.
19.5
The Laser

19.5.1
Definition of Laser

Laser is an intense, monochromatic beam of light.
19.5.2
Population Inversion

(a)
Normally, most atoms are in the lower state.

Population inversion is a situation where the majority of atoms are excited to a higher state.
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(b)
This state must be a metastable state – a state in which the electrons remain longer than usual so that the transition to the lower state occurs by stimulated emission rather than spontaneously.
(c)
Some of the excited atoms drop down fairly soon after being excited and therefore emit photons. If one of the emitted photon strikes another atom in the excited state, it 
stimulates this atom to emit photon of the same frequency and in phase with it.

As the process continues, the number of photons multiplies and make up the coherent laser beam.
19.5.3
Production of Laser
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(a)
Laser light is emitted when a photon from a spontaneous emission between two energy levels induces stimulated emission of more photons.

(b)
Laser light is monochromatic because all the photons have the same energy (E2 – E1) and hence the same frequency [(E2 – E1)/h].

(c)
Laser light is also coherent because all the photons/waves are in phase, therefore it is intense.
19.5.4
Characteristics of the Emitted Light

(a)
Light is monchromatic (of a single discrete frequency).
(b)
Light is coherent across the laser beam (could be broadened).

(c)
Intensity of light is greater - concentrated in a narrow beam.
19.5.5
Differences Between Laser and Light from Light Bulb

(a)
Laser is a very narrow (intense) beam of monochromatic, coherent light and is polarized.
(b)
Ordinary light source, on the other hand, emits light of different wavelengths, in all directions (so the intensity decrease rapidly with distance) and is incoherent and unpolarised.
19.5.6
Applications of Laser

(a)
High power ruby laser - used to re-attach retina to eye.

(i)
blood-clot formed quickly by intense heat.

(ii)
localised due to small diameter of beam - therefore no damage to surrounding eye.
(b)
Laser diodes used for telephone communications (with optical fibres).

(i)
coherent across beam - able to modulate and
(ii)
because of high frequency (f ~ 1015 Hz) can accommodate a large umber of audio channels (20 - 20 kHz).

(iii)
not affected by usual interference from radio waves/mains.
(c)
Cutting


(i)
More precise as laser beams can be made fine and narrow.


(ii)
Fast as laser beams can be made very intense.
19.6
X-rays

19.6.1
Production of X-rays

(a)
In an X-ray tube, energetic electrons bombard the metal target and may eject an electron from the innermost shell (K-shell) of an atom.

(b)
The atom so excited is unstable and an electron from, say, the L-shell may move into the vacancy.

(c)
The excess energy E is emitted as electromagnetic radiation of very short wavelength 
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 as E is very large for transitions of electrons between inner shells of metal atoms.

Alternative Description

In an x-ray tube the electrons, emitted from a heated filament are accelerated to much greater kinetic energies by a voltage ~ 100 000 V, in a vacuum, and X-rays are emitted when they impinge upon a metal anode.
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19.6.2
Properties of X-rays

(A)
X-ray spectrum has a continuous spectrum with a minimum wavelength.

(i)
Some bombarding electrons lose energy as they decelerates when hitting the metal target and emit the energy in the form of radiation.

(ii)
Since most of the electrons usually have more than one encounter with the metal atoms before losing all their energy, several X-ray photons with different energy are emitted, which contribute to the continuous spectrum.

(iii)
The minimum wavelength of the continuous spectrum corresponds to the bombarding electrons losing energy in a single encounter which is bounded by the maximum kinetic energy of the electrons.

Alternative Description

(i)
Electrons are arranged in shells around nucleus, with K-shell nearest (lowest energy).
(ii)
This is due to, e.g. the expulsion of an electron form the K-shell begin followed by a transition of an electron from, say, the L-shell to the K-shell, this being accompanied by the radiation of a K photon (see diagram).
(iii)
The energy changes ~ 100 - 1000 times greater than those for a discharge tube emission and so the wavelength ~ 1 nm.
(iv)
The continuous part of the emitted electromagnetic wave spectrum is produced by the deceleration of the electrons inside the metal anode and is continuous since the radiated energy loss per atomic collision varies (and also heat produced).


(v)
There is a (min (or (max) since if V is electron accelerating potential, h(max = eV.

19.6.3
Possible Hazard of X-rays

(a)
In a colour TV the accelerating (E.H.T.) potential is very high and so that electron hitting the end of the TV tube have high K.E.
(b)
This results in the production of X-rays
and over a long period of time (accumulative effect) may produce serious genetic effects.
19.6.4
X-ray Spectrum

19.6.4.1
Graph

A typical X-ray spectrum is shown below :
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(a)
The continuous spectrum is produced as a result of the energy loss by the electrons when they are slowed down on encountering the target and X-ray photons are emitted.

(b)

Different electrons lose different amounts of energy and so a continuous spectrum covering a range of wavelengths is obtained.
(c)

High energy electrons hitting the target knock out inner-shell electrons from the atoms, creating inner-shell vacancies.
(d)

The subsequent fall of an electron from a higher energy level into one of these vacancies causes the emission of X-ray photons of discrete wavelengths.

(e)
The existence of a definite minimum wavelength is due to an electron having all its kinetic energy (maximum value 
[image: image33.wmf]2
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= eV determined by the voltage across the tube) converted into just one X-ray photon.
(f)

This photon thus has the maximum energy possible, hence the maximum frequency as E = h f, and so the minimum wavelength as λ= c / f.
Chapter 20 Radioactivity And Nucleus

20.1
Radioactivity

20.1.1
Changes due to Radioactivity

(a)


,



,




.
(b)
Example

Uranium 238 decays to Uranium 234 as follows: 

,

(’s
mass is 4 (a.m.u.) and charge is +2 e.

(’s
mass is negligible and charge is –e.

All reaction steps must show agreement in regard to conservation of mass and charge.
20.1.2
Properties of β Radiations

(A)
Production

(i)
For radioactivity, β-particles or high speed electrons are emitted spontaneously from nuclides of relatively high proportion of neutrons (unstable with respect to its daughter nuclide).

(ii)
Electrons emitted from radioactive nuclides have the highest maximum kinetic energy (ranging from 0.025 to 3.2 MeV) depending on the characteristics of the nuclides.
(B)
Conservation of Energy
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(i)
In (-decay, 

. But e- can have a large range of K.E.’s.

(ii)
Since all electrons result from same internal process - total energy should be constant

(iii)
Hence postulation of another ‘mass-less’ particle - the neutrino to carry rest of energy.

20.1.3
The Determination of the Type of Radiation Emitted
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The Geiger tube has to have a very thin mica window (or a spark counter could be used - better).
(a)
(-particles.  With source and Geiger tube almost touching the introduction of a sheet of paper will stop all (-particle with a resulting slight drop in count rate.
(b)
(-particles.  The insertion of increasing thickness of Al sheets will reduce the count rate, stopping for a thickness greater or ~ 5 mm - when all (’s will have been absorbed.
(c)
(-rays.  These are very penetrating and a Pb sheet of thickness ~ 2.5 cm will be needed to reduce the count rate to ~ zero.
Alternative Description





[image: image36.wmf]Scalar

G.M. 

Counter

A

vertically held 

absorber

radioactive 

source in 

stand

S


N.B. G.M. counter tube has to have thin end window of mica to allow passage of (-particles. Absorber A is inserted and the drop in count rate (counts measured over e.g. 1 min.) indicates degree of absorption.
(i)
(-radiation(particles)are absorbed by air – sources needs to be near G.M. counter.

Then count-rate can be “stopped” by just a single sheet of paper.
(ii)
(-radiation (particles) is more penetrating – should not change count-rate as source is moved away (in line) with G.M. counter.

Count-rate should be greatly reduced by increasing the thickness of absorber Al
from 1(5mm.
(iii)
(-radiation is the most penetrating with count-rate only affected by increasing the thickness of absorber Pb to 25 mm.
Since (-radiation has the characteristics of an electro-magnetic wave moving the source away (a distance r) from G.M. counter, with no absorber, should produce a relation (count-rate) ( 1/r2.
Alternative Description

(i)
The background count rate is recorded when no radioactive source is present.

(ii)
Arrange the GM tube (connected to a scaler or ratemeter) a few centimetres from the radioactive source.

(iii)

Record the reading of the ratemeter. Place a magnet between the source and the GM-tube such that the magnetic field is vertically downward (or upward).

(iv)

This time the reading of the ratemeter would drop but it does not fall to the
 background value. This indicates that γ rays, which is not deflected by a magnetic field, is present.

(v)

Move the GM-tube along an arc to either side. The reading decreases to a value near the background count rate when the GM-tube is moved clockwise.

(vi)

There is reading (above the background count rate) when the GM-tube is moved anticlockwise showing that alpha particles are present.
20.1.4
Hazards of Radioactivity

	Radioactive substance
	Half-life
	Radiation emitted

	Radon-222

Iodine-131
	3.8 days

8 days
	α
γ


(a)
Radon gas is usually present in the environment of concrete buildings.

(b)
When radon is inhaled into the lung of a human body, the high ionising power α-particles would affect the cells of the lung.

(c)
Make sure good ventilation by opening the windows so as to lower the concentration of radon gas in the air inside the building.
20.2
Detectors

20.2.1
Diffusion Cloud Chamber

20.2.1.1
Setup
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(a)
The upper compartment in the chamber contains air at room temperature at the top and at about -78
[image: image38.wmf]C
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 at the bottom due to the layer of ‘dry ice’ in the lower compartment.

(b)
The felt ring at the top of the chamber is soaked with alcohol, which vaporizes in the warm upper region, diffuses downwards and is cooled. Thus a layer of saturated alcohol vapour is formed.

20.2.1.2
Constraints of Detection

(a)
The ions produced along the track of, say, an α-particle attract the molecules of the saturated vapour, condensation of these molecules produces liquid droplets which constitute the visible track.

(b)
Range of radiations (or penetrating power) is shown by the length of the track. Relative ionizing power of radiations is indicated by the thickness of the track.


20.2.1.3
Observed Tracks of an α-source
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(a)
Let
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 = velocity of α-particle before collision, 
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(b)
By conservation of momentum, mα
[image: image44.wmf]u

r

 + 0 = mα
[image: image45.wmf]1

v

r

 + mHe
[image: image46.wmf]2

v

r


.

(c)
As the track is right-angled, 
(mαu)2 = (mαv1)2 + (mHev2)2,






u2 = v12 + (
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(1)

(d)
As the collision is elastic, K.E. is conserved
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u2 = v12 + 
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(2)

(e)
Comparing (1) and (2), mα = mHe.
20.3
The Nucleus

20.3.1
Definition of atomic number, mass number and isotopes
(a)
Atomic number is a number allotted to an element in the Periodic Table, and it equals to the number of protons in an atom of that element.

(b)

Mass number of an atom is the number of nucleons in the nucleus.

(c)

Isotopes are atoms that have the same number of protons (atomic number) but different number of neutrons (therefore different mass number).
20.3.2
Distinguish of Isotopes

You are given some isotopes of a certain element. The isotopes are ionized so that they carry the same charge Q, and enter a speed selector as shown. Only those isotopes with a definite speed can pass straight through the mutually perpendicular uniform electric and magnetic fields in the speed selector. The whole set-up is in a vacuum environment.
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(a)
When entering the magnetic field, all ions describe circular arcs and strike the photographic plate P. For particles of mass M, the radius r of the path is given by




Q v B1 = 
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(b)

If B1 is constant, r is directly proportional to M (assuming Q is the same for all ions).

(c)
When ions with different masses are present each set produces a definite line and from their positions the (relative) masses can be found.

20.3.3
Rutherford Model of Atom

20.3.3.1
α-particle scattering by atoms
(A)
Description
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(i)
(-particle lose their K.E. on approaching the +ve charged nucleus, being repelled by an electrostatic force.
(ii)
At P, distance of closest approach K.E. lost = P.E. due to (-particle location in electric field of nucleus.
(iii)
(-particle is then ‘reflected’ away from nucleus and finally acquires the same K.E. as it had initially. Collision is elastic.
Alternative Description

(i)
Most of the mass of an atom and all the positive charges are concentrated in a tiny nucleus at the centre of the atom.

(ii)
Outside the nucleus, most of the space in an atom is ‘empty’, in which the negatively-charged electrons (of negligible mass) are orbiting around the nucleus.
(B)
Implication

(i)
Rutherford scattering – the majority of the α-particles were scattered through small angles and some particles were scattered through very large angles.

(ii)
It meant that some α-particles had come into the repulsive field of a highly concentrated positive charge at the centre of the atom.
Alternative Description

(i)
In α-particle scattering experiment, most of the α-particles pass through the thin gold foil with no or small deflection, since most of an atom is ‘empty’ and the very light orbiting electrons outside the nucleus have negligible effect on the energetic and massive α-particles.

(ii)
Some α-particles (about 1/8000) were scattered by angles greater than 90∘and very few even rebounded back along original paths.

(iii)
Only for a few α-particles which come very close to the tiny nucleus experience a strong electrostatic repulsive force (Coulomb force) and hence suffer large angle deflection.


(C)
Conservation Law

(i)
Since there is no external force acting on the system, the linear momentum of the system is conserved.

(ii)
Since the collision is elastic and a gold nucleus is much more massive than an alpha particle, the kinetic energy of the alpha particle becomes the electric potential energy of the system and then changes back to its kinetic energy when it rebounds.
(D)
Failure of the Model

Rutherford’s model could not explain the existence of the characteristic atomic line spectra from atoms of a particular element.
20.3.3.2
Estimating Nuclei Size
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(a)
Need to use (-source since (-particles carry a positive charge +2e (electron charge).

(b)
On passage through thin films they are deflected (B) or repelled (A) by the positive charge of nucleus N.
(c)
At P, distance of nearest approach K.E. of (’s, ½mv2 = 2Ze2/4((0r (P.E.) hence an estimate of r which is upper limit to size of nucleus.
20.3.3.3
Gravitational Analogue Simulation
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Balls are allowed to roll down a ramp chute on to a model ‘hill’ where they experience deflection, as shown above.

(A)
Profile (AB) of the ‘hill’.
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(i)
As an (-particle approaches near a nucleus it experiences a force of repulsion (( 

) between its charge and the charge of the nucleus (both are +ve), work is done against this force and the (-particle gains P.E.
P.E. = 

, i.e. 

.

(ii)
Ball gains P.E. on moving up slope of hill P.E. = mgh.  If P.E. ( 1/r then h ( 1/r.
(B)
Expected results.
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(i)
If the balls are released from a definite height on the ramp they can be considered to simulate (-particles of constant energy. On varying the location of the ramp, p is varied and it will be observed that the smaller p the larger the deflection (.

(ii)
This also happens for the scattered (-particles, with many more scattered for small angles since the probability of scattering ( p2 (i.e. area of cross-section).
(C)
Simulation of the Scattering of α-particles of Various Energies

Keeping the shute in the same position balls are released at different height levels to simulate (-particles of different energy, the higher the level the greater the K.E. It should be observed that the greater the K.E. the smaller the deflection (.
(D)
Estimated Upper Limit of the Size of a Nucleus
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(i)
A head-on collision of an (-particle with a nucleus can be simulated by allowing ball to slide down shute towards ‘hill’ centre.  The ball will travel up the ‘hill’ to point P and then fall back. At P the original K.E. = P.E. at location P.

(ii)
In (-particle scattering ‘b’ the nearest distance of approach can be estimated giving an upper limit to the size of a nucleus.
(E)
Practical Inadequacies

(i)
Additional energy losses due to spinning and rolling (surface friction). Also due to vertical component of velocity.

(ii)
The centre of gravity of the ball is some distance above surface and not the same distance from the centre of the hill as contact point on the hill. i.e. finite size of ball effects.
20.4
Background Radiation

Cosmic rays, radioactive minerals, radon in the atmosphere, potassium-40 in the body, X-rays from television screens, etc.
20.5
Rate of Decay

20.5.1
Activity

Dangerousness and Precautions of a Sealed Radioactive Source
(a)
Factors affecting dangerousness of a radioactive source are :

(i)
the activity strength (disintegrations per sec.).



(ii)
(-ray emitter has more penetrating power.




(iii)
the greater the half-life, the longer it will be dangerous.
(b)
Precautions are :

(i)
screening off of source by lead shielding (absorber).

(ii)
monitor total radiation dose using photo-badge or clip-on electrometer - check if reasonable.
20.5.2
Exponential Decay

(a)
Disintegrations follow the statistical law of chance as to which particular nucleus at a particular time will disintegrate.

(b)
At any time the rate of disintegrations is proportional to the remaining number of nuclei which have not yet undergone disintegration (N).
(c)
Hence 


,     ( constant





,
i.e.   

.
Alternative Description

(a)
In radioactive elements the nuclei disintegrate randomly with the emission of a combination of (1) (-particles (He nucleus consisting of 2 protons and 2 neutrons), (2) (-particles (electrons) and (3) (-rays (photons).

(b)
The rate of disintegration at any time is proportional to the number of nuclei N which have not disintegrated.
(c)
The decay of radioactivity is given by 

, N0 being number of nuclei at time t = 0.
Alternative Description

(a)
We cannot tell which particular atoms are going to decay in unit time, just as we cannot tell which particular dice turn up a certain value in each throw.

(b)
We cannot tell when a particular atom is going to decay, only the probability of decay in unit time (λ) is known, just as we cannot tell in which throw a particular dice turn up a certain value, only the probability of this is known.

(c)
The number of atoms disintegrate per second, 
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where k is a constant characteristic of the atom concerned called the decay constant,
which is the probability of decay per unit time.
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20.5.3
Half life


[image: image65.wmf]
(a)
Polythene bottle contains equal volumes of (1) amyl acetate (organic reagent) and (2) acidified uranyl nitrate solution (s > d).


(b)
The protactinium-234 is extracted almost completely by the amyl acetate (as well as some uranium-238). The protactinium-234 decays to uranium-234, emitting (-particles (half-life 72 s) and these are detected by a G-M tube.
[Note decay of uranium-238 ( thorium-234 produces (-particles but these would be easily absorbed by bottle wall/air (and activity low since half-life 4.5 ( 109 year !)]
(c)
Bottle is well shaken and placed near G-M tube, as in diagram, (this being connected to scaler/ratemeter) and counts taken : - start - 10 s - stop - (read count) - 10 s - start - 10 s - stop etc., until count falls below background count (for 10 s).
N.B.
The latter, background count, should be subtracted from all taken readings
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(d)
The half-life t½ is the time for the number of disintegrating nuclei to fall to half its initial value.

[i.e. 

, constant]
(f)
Also, since 

 it is the time for rate of disintegration to drop to half. t1/2 may be found 
from graph, since at any time t the average rate is given by (

).
20.5.4
Medical Uses

(A)
Treatment of body cancer
(i)
Need to use a (-source since radiation is more penetrating on passage into body and is able to destroy the cancer cells in preference to the healthy cells.

(ii)
Effect needs to be localised by collimation through lead slits/holes.
(B)
Investigation of the Thyroid Gland

(i)
Iodine-131 is used for investigating the absorption of iodine by the thyroid gland
	Radioactive substance
	Half-life
	Radiation emitted

	Radon-222

Iodine-131
	3.8 days

8 days
	α
γ


(ii)
Iodine-131 is chemically the same as the normal isotope and is therefore absorbed in the same way by the thyroid gland.

(iii)
The γ radiation emitted is of high penetrating power so that iodine-131 can be traced by detecting the γ radiation with an external device.

(iv)
The low ionising power of γ radiation is practically not harmful to body cells even if iodine-131 is inside the body.

(v)
The half-life of 8 days is long enough for diagnosis and the amount of radioactive iodine-131 would decrease to minute quantity after some time.

20.5.5
Industrial Uses

(A)
Checking paper thickness
(i)
Would need to use a (-source
since an (-source particles are too easily absorbed, while (-rays are too penetrating.

(ii)
For a particular paper thickness monitored count-rate should be a certain value.
(B)
Checking oil leaks in underground pipelines

(i)
A β-source should be used since there is significant increase in activity when the source is outside the pipeline where leakage occurs. (or the penetrating power is too strong when a γ-source is employed.)
(ii)
A source of suitable half-life, say a few days, should be used so as to minimize the pollution of the environment.
20.5.6
Archaelogical Use (Carbon-14 dating)
(i)
Carbon-14 exists due to formation by bombardment of nitrogen-14 in atmosphere by neutrons ejected from nuclei by cosmic rays (i.e. 

) and this forms radioactive carbon dioxide.
(ii)
Subsequently taken in by plants/tree – during lifetime remains constant amount (giving constant radioactivity).

(iii)
After death no fresh CO2 taken in.

(iv)
Carbon-14 starts to decay with a ½-life of 5.7 ( 103 years.
(v)
By measuring residual radio-activity the age of carbon containing material (e.g. wood, linen, charcoal) can be estimated.
20.6
Nuclear Energy

20.6.1
Binding Energy

The energy required to just take all the nucleons of a nucleus apart so that they are completely separated is called the binding energy.
20.6.2
Nuclear Fission

20.6.2.1
Binding Energy per Nucleon against Nucleon Number Graph
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The binding energies per nucleon of the heavy nuclei are smaller than those in the middle part of the graph. Therefore when the heavy nuclei are split into two daughter nuclei of smaller mass numbers and with larger binding energies per nucleon (i.e. more stable), a large amount of energy would be released.
Alternative Description
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(a)
The greater the binding energy per nucleon, the greater the average energy needed to break the nucleus per nucleon and hence the more stable the nucleus is.

(b)
As 
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 nucleus has a larger binding energy per nucleon than 
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 nucleus, thus 
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 nucleus is more stable.

(c)
If a nucleus of mass number 200 undergoes fission, two nuclei of greater binding energy per 
nucleon are formed and energy is released in the fission process.

(d)
But for a nucleus of mass number 20, enormous amount of energy is required to break it into two nuclei of smaller mass number and lower binding energy per nucleon.
(e)
Hence, a nucleus of mass number 200 readily undergoes fission but not for a nucleus of mass number 20.

20.6.2.2
Differences with Radioactive Decay

(a)
Radioactive decay is a spontaneous process while nuclear fission is not.

(b)
Radioactive decay of a particular kind of atoms only has one definite way to decay while nuclear fission can have various modes and may give different products.

(c)
Radioactive decay involves a characteristic half-life while nuclear fission can be initiated whenever it is desirable.

(d)
Radioactive decay is not affected by any change in the environment while nuclear fission can be controlled by physical means such as the number of neutrons for initiating fission.

20.6.3
Nuclear Reactor (fission)

20.6.3.1
Neutron Bombardment of 
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(b)
Neutrons penetrate the 

 nuclei and cause fission, 
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 + 3

.
(c)
There is an apparent loss of mass resulting a release of energy, according to relation (E = (mc2.
20.6.3.2
Chain Reaction
(a)
The fission of a uranium-235 nucleus produces two or more neutrons which cause further fission of uranium-235 nuclei and the reaction multiplies and goes on as a chain reaction.

(b)
Natural uranium consists of very little uranium-235 (U-235 : U-238 = 1 : 140) by weight which is not enough for sustaining a chain reaction.

(c)
This is because only uranium-235 nuclei undergo fission by capturing a slow neutron while uranium-238 nuclei capture neutrons without fission.
20.6.3.3
Controlled Fission

(a)
If more than one neutron per fission produce further fissions, chain reaction occurs and overheat of the reactor would cause disastrous consequence.

(b)
If less than one neutron per fission produces further fission, the reactor would shut down gradually.


20.6.3.4
Basic Structure of a Nuclear Power Plant


[image: image73.wmf]
20.6.3.5
Control Rods

(a)
Control rods are used for controlling the reaction rate by absorbing the neutrons produced in fission such that chain reaction is steady and controlled so that on average only one neutron from each fission produces another fission.

(b)
To stabilise reaction rate control rods of neutron absorbing rods of boron coated steel are used i.e. on average only one neutron (slightly more) produced at each fission.
(c)
Boron steel rods for absorbing neutrons are inserted into the reaction core for controlling the number of neutrons.
20.6.3.6
Moderator

(a)
Moderator is used for very quickly slowing down the fast neutrons produced in fission so that they can cause fission of uranium-235 instead of being captured by uranium-238.
(b)
To increase probability of neutron capture, they are slowed down by the moderator - water/graphite.

(c)
A graphite core for slowing down neutrons is adopted since only slow neutrons have a high probability of being captured by 
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 nuclei and starting fission.

20.6.3.7
Coolant

(a)
Heat produced (K.E. of products) conducted away by coolant - e.g. water.

(b)
Steam is produced by heat exchange with circulating coolant - drives turbine to produce electrical power.
20.6.3.8
Advantages of Nuclear Energy

(a)
There is virtually unlimited supply of fuel. (e.g. hydrogen in the form of water in oceans.)

(b)
The waste products are generally not strongly radioactive, waste disposal is not a problem.

20.6.3.9
Precautions against Hazards of Nuclear Energy

(a)
slowing down reactor by further insertion of control rods to prevent ‘run-away’.
(b)
concrete shield to give protection from neutrons and (-rays.
(c)
water heated to steam indirectly through heat exchange system (less chance of radio-active leakage).
(d)
all system remotely controlled - no direct handling of controls by personnel.
20.6.4
Nuclear Fusion

20.6.4.1
Fusion at Sun

(a)
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(b)
There is a difference in actual mass between a nucleus and the individual constituent protons and neutrons.
(c)
This mass defect (m has an energy equivalent (E = (mc2) which is called the Binding Energy (energy released if nucleus splits into constituents.)
20.6.4.2
Hinder of the Use of Fusion

(a)
As fusion requires two nuclei, positive in charge, come very closely, thus it will not take place unless the nuclei acquire large thermal energy, say at temperature over 107 K.

(b)
No physical container can withstand such extremely high temperature.
Alternative Description

(a)
At present only fission possible. In fusion large temperatures (108 - 109 K) required to bring fusing nuclei together against their electrostatic repulsion forces - two difficulties :

(i)
achieving high density/temperature for sufficient time.

(ii)
preventing hot plasma from touching container.

Extra Essays

19.6.5
X-ray Crystallogy (Determination of the Separation of Atomic Planes in a Crystal)
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Interference takes place between mono-chromatic X-rays reflected from atoms spaced throughout crystal and in some directions of reflection maxima are detected – enables the separation of planes to be determined, since 2d sin ( = n(.
Chadwick Experiment


[image: image79.wmf]beryllium

paraffin

-

wax

ionisation

chamber

amplifier

proton

A

a

C

B

X

D

E







(a)
Aim : Proof neutrons are neutral particles, similar in mass to protons.
(b)
A very penetrating radiation X (unaffected by magnetic fields and so not charged particles) was observed when beryllium was bombarded by (-particles. This radiation was found to be capable of producing protons from paraffin-wax – a measure of their energy/velocity was obtained by inserting thin sheets of mica until no current registered by the ionisation chamber.  

(c)
Experiment was repeated with nitrogen in place of the paraffin-wax (hydrogen nuclei). Chadwick from a consideration of the conservations of linear momentum/ energy to the proton

collisions (assumed elastic) calculated the rest mass of a neutron ~ that of a proton.







PAGE  
33/32

Essay_notes_Atomics19_20


_1110138610.bin

_1120305595.bin

_1120308240.bin

_1120365569.bin

_1120365982.bin

_1121265185.bin

_1121264579.bin

_1120365709.bin

_1120308282.bin

_1120364966.bin

_1120365227.bin

_1120308295.bin

_1120364851.bin

_1120308253.bin

_1120305651.bin

_1120307221.bin

_1120307234.bin

_1120305666.bin

_1120306728.bin

_1120305631.bin

_1120301573.bin

_1120303935.bin

_1120305471.bin

_1120305478.bin

_1120304149.bin

_1120304185.bin

_1120303944.bin

_1120301597.bin

_1120303264.bin

_1120303294.bin

_1120301613.bin

_1120301619.bin

_1120301586.bin

_1120299363.bin

_1120300800.bin

_1120300831.bin

_1120301565.bin

_1120300844.bin

_1120300810.bin

_1120299477.bin

_1120300782.bin

_1120299453.bin

_1110228938.bin

_1117859279.unknown

_1118207190.unknown

_1117966168.unknown

_1110229157.bin

_1117601675.unknown

_1110228909.bin

_1110139281.bin

_1107245977.unknown

_1107246606.unknown

_1107291619.unknown

_1109922156.bin

_1109923488.bin

_1109922518.bin

_1109920424.bin

_1109920843.bin

_1107629541.unknown

_1107629581.unknown

_1107246700.unknown

_1107246811.unknown

_1107246310.unknown

_1107246524.unknown

_1107246297.unknown

_1107246016.unknown

_1107246233.unknown

_881345389.unknown

_881516902.unknown

_1104866649.unknown

_1107030580.unknown

_1107030928.unknown

_1107245921.unknown

_1107030593.unknown

_1107030551.unknown

_881516991.unknown

_881517056.unknown

_881406334.unknown

_881423626.unknown

_881427956.unknown

_881423776.unknown

_881406361.unknown

_881423571.unknown

_881406372.unknown

_881406351.unknown

_881406269.unknown

_881406298.unknown

_881406208.unknown

_881323096.unknown

_881324430.unknown

_881324533.unknown

_881345105.unknown

_881323868.unknown

_881255419.unknown

_881256054.unknown

_881256140.unknown

_881129644.unknown

_881224294.unknown

