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Answer all the questions.
1 (a) Define electric field strength at a point in space.
.............................................................................................................................................. 1]

(b) lonic solids consist of a regular arrangement of positive and negative ions. Fig. 1.1 shows
two neighbouring ions in a particular ionic solid. The ions A and B may be considered as
two point charges of equal magnitude, 1.6 x 10™*° C, and opposite sign, with a separation of
2.0 x 10" m. The ion A is positive.

- 20x10™m
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Fig. 1.1

(1) On Fig. 1.1, draw electric field lines to represent the field in the region around the
two charges. [3]

(if) Calculate the magnitude 'of the electric field strength at the mid point between the
charges.

electric field strength =.........cccccoeeiiiiiiiiiienn, [3]

(iii) State and explain a factor that might affect the tensile strength of an ionic material.

[Total: 8]




3

2 Fig.2.1 shows two capacitors, A of capacitance 2uF, and B of capacitance 4uF, connected in
parallel. Fig. 2.2 shows them connected in series. A two-way switch S can connect the capacitors

either to a d.c. supply, of e.m.f. 6 V, or to a voltmeter.

A

-

Fig. 2.1 Fig. 2.2

Calculate the total capacitance of the capacitors

(a)

(1) when connected as in Fig. 2.1

CaAPACITANCE = .....ovviiiiieeeeeee e

(ii) when connected as in Fig. 2.2

capacitance =

(b) The switch in‘the circuit shown in Fig. 2.1 is then connected to the battery. Calculate

(1) the potential difference across capacitor A
potential difference =............cccccci.

the total charge stored on the capacitors.

(ii)

Charge = ..o .uC [2]
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(c) The switch in the circuit shown in Fig.2.2 is then connected to the battery. Calculate the
total energy stored in the two capacitors.

ENEIOY = ooveeeeeeieeeeeeeeeeeereeeeeeeeeeereereeeerreerees .J[2]

(d) The switch S in the circuit of Fig. 2.1 is moved to connect the charged capacitors to the
voltmeter. The voltmeter has an internal resistance of 12 MQ.

(1) Explain why the capacitors will discharge, although very slowly.

(ii) Calculate the time t taken for the voltmeter reading to fall tora quarter of its initial reading.

[Total: 12]

3 (a) Describe briefly one scattering experiment to investigate the size of the nucleus of the atom.
Include a description of the properties of the incident radiation which makes it suitable for

this experiment.

pdl your answer, you should make clear how evidence for the size of the nucleus follows
from your description.




(b)

5

Complete the table below for the three types of ionising radiation.

radiation nature range in air penetration ability
o 0.2 mm of paper
electron
Y several km

[3]

[Turn over




(c)

6

Describe briefly, with the aid of a sketch, an absorption experiment to distinguish between the
three radiations listed above.

[Total: 14]
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4 Fig. 4.1 shows a square flat coil of insulated wire placed in a region of a uniform magnetic field of
flux density B. The direction of the field is vertically out of the paper. The coil of side x has N
turns.

ity region of uniform
magnetic fiald

Fig.4.1

(@) (i) Define the term magnetic flux.

(ii) Show that the magnetic flux linkage of the coil in Fig. 4.1 is NBx®.

[2]

(b) The coil of side x = 0.020 m is placed at position Y in Fig. 4.2 The ends of the 1250 turn coil
are connected to a voltmeter. The coil moves sideways steadily through the region of
magnetic field of flux density 0.032 T at a speed of 0.10 m s™ until it reaches position Z. The
motion takes 1.0 s.
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Fig. 4.2

(1) Show that the voltmeter reading as the coil enters thefield region, after t = 0.20s, is 80
mV. Explain your reasoning fully.

[3]
(i) On Fig. 4.3, draw a graph of the.voltmeter reading against time for the motion of the coil
from Y to Z. Label'the y- axis.with a suitable scale. [4]
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[Total: 10]




5 (a) State the Cosmological Principle.

(b) Describe the important properties of the cosmic microwave background radiation and how
the standard model of the Universe explains these properties. Explain their significance as
evidence for the past evolution of the Universe.

ZIn your answer, you should make clear how your explanation links with the evidence.

(c) Explain why our understanding of the very earliest moments of the Universe is unreliable.

[Total: 9]
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10

6 (a) The future of the Universe may be open, closed or flat. Explain the meaning of the terms in

italics, using a graph to illustrate your answer.

‘size measure’
of Universe

age of Universe

(b) The mean density of the Universe, py, isthought to be approximately 1 x 102° kg m=.

Calculate a value for the Hubble constant Hy.

[Total: 6]
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7 The quality of ultrasound images in increasing at a phenomenal pace, thanks to advances in
computerised imaging techniques. The computer technology is sophisticated enough to monitor
and display tiny ultrasound signals from a patient.

The ratio of reflected intensity to incident intensity for ultrasound reflected at a boundary is related
to the acoustic impedance Z; of the medium on one side of the boundary and the acoustic
impedance Z, of the medium on the other side of the boundary by the following equation.

reflected intensity = (Z, — Z,)?
incident intensity  (Z, + Zy)?

State two factors that determine the value of the acoustic impedance.

An ultrasound investigation was used to identify a small volume of substance in a patient. It
is suspected that this substance is either blood or muscle.

During the ultrasound investigation, an ultrasound pulse.of frequency of 3.5 x 10° Hz passed
through soft tissue and then into the small volume of.unidentified substance. A pulse of
ultrasound reflected from the front surface of the volume was detected 26.5 pus later. The
ratio of the reflected intensity to the incident intensity,:forthe ultrasound pulse reflected at
this boundary was found to be 4.42 x 10, Fig. 7.1 shows data for the acoustic impedances
of various materials found in a human_body.

medium acoustic impedance Z/ kg m* s™
air 4.29 x 10°
blood 1.59 x 10°
water 1.50 x 10°
brain tissue 1.58 x 10°
soft tissue 1.63 x 10°
bone 7.78 x 10°
muscle 1.70 x 10°

Fig. 7.1

(1) Use appropriate data from Fig. 7.1 to identify the unknown medium. You must show
your reasoning.

MEdIUM = ..o [4]

[Turn over
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(ii) Calculate the depth at which the ultrasound pulse was reflected if the speed of
ultrasound in soft tissue is 1.54 km s™.

(iii) Calculate the wavelength of the ultrasound in the soft tissue.

wavelength = ... m [2]

[Total: 10]
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8 An average person in the UK will have at least 30 X-ray photographs taken in their lifetime.

In order to take an X-ray photograph, the X-ray beam is passed through an aluminium filter to
safely remove low energy X-ray photons before reaching the patient.

(@) Suggest why it is necessary to remove these low energy X-rays.

(b) The average linear attenuation coefficient for X-rays that penetrate the aluminium is 250 m™.
The intensity of an X-ray beam after travelling through 2.5 cm of aluminium is 347 W m™.

Show that the intensity incident on the aluminium is about 2 x 10°W m™.

[3]
(c) The X-ray beam at thefilter has a circular cross-section of diameter 0.20 cm. Calculate the

power of the X-ray beam from the aluminium filter. Assume that the beam penetrates the
aluminium filter as'a parallel beam.

[Turn over
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(d) Inan X-ray tube, the efficiency of conversion of the kinetic energy of the electrons into X-
rays is 0.15%.

(1) Calculate the power required in the electron beam in order to produce X-rays of
power 18 W.

(ii) Calculate the velocity of the electrons if the rate of arrival of electrons is 7.5 x 10'" s™.
Relativistic effects may be ignored.

VEIOCIEY =i .ms*[2]

(iii) Calculate the p.d.‘across.the X-ray tube required to give the electrons the velocity
calculated in.(ii).

[Total: 13]
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9 Discuss briefly the advantages and disadvantages of scanning using MRI techniques.

[Total: 6]
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10 Fig. 10.1 shows the variation with nucleon number (mass number) of the binding energy per
nucleon for various nuclides.
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(@) (i) State the number of leons i ucleus of 3‘7‘ Rb.
(ii)  State the numb ns in‘the nucleus of 132 Cs. ..o
(iii) State the nu neutrons in the nucleus of 23°U. ..o

(b) Use Fig. 10.1 to_calculate the energy released when a 325 U nucleus undergoes fission,

producing nuclei of 37 Rb and 1¢*Cs.

ENEIGY = oovveieeieeeeeeeeeeeeeeeeeee e e e e e e eeeeees MeV [4]
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(c) Discuss two advantages and two disadvantages of producing electrical power by nuclear
fission.

[Total: 12]
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