Exploring Physics long answer questions

Module 4: Electrons, waves and photons

4.1-3 Electricity
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4.4 Waves
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4.5 Quantum Physics
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Module 6: Particle and Medical Physics

6.4 Particle and nuclear physics
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6.5 Medical Physics
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(b) A physical quantity is also conserved in the photoelectric effect. Describe and explain the
photoelectric effect.

% In your answer you should link the description to the conservation of this quantity.
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In 1905 Einstein presented a theory to explain the photoelectric effect using the concept of
quantisation of radiation proposed by Planck in 1900.

(a) Show, with the aid of a suitably labelled diagram, the arrangement of apparatus that could be
used to demonstrate the photoelectric effect. Describe how you would use the apparatus and
what would be observed.

/ In your answer you should make clear how your observations provide evidence
for the photoelectric effect.
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(b) Describe how the photoelectric effect can be explained in terms of the physics of quantum
behaviour.
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(b) Electromagnetic waves sometimes behave like particles, called photons. Name and describe
briefly one piece of evidence which supports this particle-like behaviour.

In your answer you should name the experiment and make clear how the observations are
explained using a photon model of electromagnetic radiation.
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(f) The isotope of carbon-14 is very useful in determining the age of a relic (e.g. ancient wooden
axe) using a technique known as carbon-dating.
Describe carbon-dating and explain one of its major limitations.
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6 (a) Inexperiments carried out to determine the nature of atoms, alpha particles were fired at thin
metal foils. Describe how the alpha-particle scattering experiments provide evidence for the

existence, charge and size of the nucleus.

/ In your answer, you should make clear how your conclusions link with your observations.
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(b) Describe the nature and range of the three forces acting on the protons and neutrons in the
nucleus.
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(b) Explain the role of fuel rods, control rods and a moderator in a nuclear reactor.

%) In your answer you should make clear how chain reactions are controlled in the reactor.
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(@)

Describe the use of image intensifiers and contrast media when X-rays are used to produce
images of internal body structures.

In your answer, you should make clear how the appearance of the image is linked to the
techniques used.
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(b) Describe how ultrasound scanning is used to obtain diagnostic information about internal
structures of a body. In your description include the differences between an A-scan and a
B-scan.
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(c) The main components of a gamma camera are the collimator, scintillator, photomultiplier
tubes and the computer. Describe the function of each of these components.

/ In your answer, you must make clear how one of these components governs the sharpness of
the image.
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(e) Positron emission tomography (PET) can be used to locate an area of increased activity
within the brain. Describe the principles of PET.

% In your answer you should make clear how the position of increased activity is located.
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(d) Describe the operation of a computerised axial tomography (CAT) scanner. State one of the
advantages of a CAT scan image over a conventional X-ray image.
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(c) Describe the principles of positron emission tomography (PET).
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9 (a) Describe the principles of ultrasound scanning.

/ In your answer, you should make clear how the steps in the process are sequenced.
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(c) Name and describe the function of the main components of a gamma camera.

% In your answer you should make clear how a good quality image can be achieved with these
components.
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(b) Many hospitals are equipped with computerised axial tomography (CAT) scanners.

Describe how the components of a CAT scanner are used to produce a three-dimensional
image of a patient.
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8 (a) A patientis having an X-ray scan. The X-rays interact with the atoms in the patient. Name and
describe the three methods by which X-rays interact with matter.

/ In your answer, you should make clear why the transmitted intensity of the X-rays decreases.
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(b) A student designs a circuit for a night light using the filament lamp of part (a) and a light-
dependent resistor (LDR). The circuit is shown in Fig. 1.2.
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Fig.1.2
This LDR has a resistance of about 12 in daylight and 1000 in the dark.

Show that the circuit will cause the lamp to be off in the day and on at night as long as the
light from the lamp does not shine on the LDR.

/ In your answer you should explain clearly with or without calculation how the circuit functions
to cause the lamp to be off in daylight and on in the dark.
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Fig. 3.1 shows the cell of internal resistance 0.90 Q2 connected to the battery charger.
Assume that the e.m.f. of the cell is 1.5V.

battery

charger | § § i
YT O.Q:OQ





image3.png
(b) Explain how you would determine experimentally the e.m.f. E and internal resistance r of the
charged cell. Include a circuit diagram with meters and a variable load resistor.

%) In your answer you should state how the data collected is used to determine the values of
Eandr.
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(c) Fig. 3.1 shows a d.c. supply labelled 6.0V connected to a circuit containing an ammeter,
a voltmeter, a fixed 3.0 resistor and a 0 to 15 variable resistor. You are to carry out an
experiment to show that the internal resistance r of the d.c. supply is constant for a range of
currents and to find the value of r.
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(i) Describe how you would carry out the experiment. Explain how you would determine the
value of the internal resistance of the d.c. supply and show that it is constant.
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(a) Adiffraction grating is used to determine the wavelengths emitted by a light source.

Fig. 4.1 shows light being diffracted through an angle 6 at a tiny length of a grating.
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Fig. 4.1

Light of a given wavelength is observed only at particular angles through the grating. Use
the ideas of wave superposition and interference to explain why light of that wavelength is
observed only at certain angles.

You may find it useful to use Fig. 4.1 to illustrate your answer.

/ In your answer you should state clearly the conditions for the beam of coherent light at
angle 6 to produce a bright spectral line.





