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Data

speed of light in free space,
permeability of free space,
permittivity of free space,
elementary charge,

the Planck constant,
unified atomic mass constant,
rest mass of electron,

rest mass of proton,

molar gas constant,

the Avogadro constant,
gravitational constant,

acceleration of free fall,

2

c=3.00x108 ms!
My =4wx107 Hm™
€ =8.85x10"12 Fm™!

e=1.60x10"19C

h=86.63x10"34Js

u=1.66x10"27 kg
m,=9.11x103"kg
m, = 1.67 x 1072 kg

R =8.31 JK-' mol™!
N, = 6.02 x 1023 mol "

G =6.67 x10~"" Nm?Z kg2

g=981ms?
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Formulae

uniformly accelerated motion,

refractive index,

capacitors in series,
capacitors in paraliet,
capacitor discharge,
pressure of an ideal gas,

radioactive decay,

critical density of matter in the Universe,

relativity factor,
current,
nuclear radius,

sound intensity level,

1
s=ut+zat?

v2 = y24+2as

1
ne ——
sinC
1 1 1
— =+ — +.
c~c¢ g,
C= C1 + C2 +
x = x,0~VCR
p= %-'%"n<02>
X = xeM
f, = 0.693
> A
_3H?
Po= 8uG
V2
=V (1- ‘C‘g‘)
I = nAve
r=r, A3

I
=10lg (1_0)
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Answer all the questions.
1 The following terms are often confused by physics students. State what is meant by each of
the following terms so that the differences between them are clear.
(a) speed and velocity
...................................................................................................................................... 2]
(b) elastic and plastic
...................................................................................................................................... (2}
(c) temperature and heat
...................................................................................................................................... [21
(d) fission and fusion
...................................................................................................................................... (2]
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(e) kinetic energy and momentum. This should not be answered just in terms of the equations

E =%mv? and p=mv

k -

..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................

..........................................................................................................................................

[Total: 12]
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6
2 The charge stored in the capacitor X of capacitance 5uF in the circuit given in Fig. 2.1 is
30pC.
{ren{
Y J | 25 F
|
Z, 10pF |
|| -
[
X | |5pF
1
Fig. 2.1
(a) (i) Complete the table for this circuit.
capacitor capacitance/pF charge/uC p.d./V energy/ pJ
X 5 30
Y 25
z 10

2826/01 Jan06
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(if) Using data from the table find

1 the e.m.f. of the battery

BUTLE. = oo e eeeeeseeeeeeeeeeeesen e vV [1]

2 the total charge suppiied from the battery

Charge = ..o e uC [1]

3 the total circuit capacitance

capacitance = .........ccccoccceeeennnenecnnnn uF {11

4 the total energy stored in all the capacitors.

ONEIGY = .oovceeeeeneere e e e enen s pd [1]

(b) (i) What law or principle of physics was used to determine (a){ii)1?

(¢) The battery is removed and replaced by a resistor of resistance 200 k2. The capacitors
now discharge through this resistor. Calculate

(i) the time constant of the circuit

time constant = ..., s [2]

(ii) the fraction of the total charge remaining on the capacitors after a time equal to
four time constants.

fraction remaining = .........cieeviincvnirc e [2]

[Total: 19]
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Efficiency is a word frequently met in physics and in everyday life. It does, however, often have
different meanings. The following are all different uses of the word.

(@)

X An electric motor has an efficiency of 82%.

Y TThe efficiency of the insulation of houses should be improved to help reduce giobal
warming.

Z A dictionary definition of efficiency, when appfied to a person, is capability or
competence.

How is efficiency defined in physics, as used in example X?

..........................................................................................................................................

(b} Explain the use of the word efficiency in example Y. In your answer, state how the

{c}

efficiency can be improved and why the improvement could bring about a reduction in
global warming.

..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................

..........................................................................................................................................

The efficiency & of a steam turbine in a power station is given by the equation

¢ = work done by turbine
~ heat supplied to turbine in the same time ~

It can be shown that the maximum theoretical efficiency ¢, of the turbine is reiated to
the high temperature 7, of the steam entering the turbine and the low temperature T of
the water cooling the turbine. The equation relating these quantities, with all temperatures

in kelvin, is

T Te
H

(i) Calculate the actual efficiency of a turbine being supplied with heat at a rate of
120 MW and producing an output power of 42 MW.

efficiency = .o, 2}
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(iii)

(iv)

(v)
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The turbine in (i) is supplied with steam at a temperature of 750K and is cooled by
water at 290 K. What is its maximum theoretical efficiency?

maximum theoretical efficiency = ......ccccevveeveiei e, 21

In order to increase the maximum theoretical efficiency, the temperatures T, and
T need to be altered. Which way, raised or lowered, does each need to be changed?

Tyneedstobe ...
Toneedstobe ... (1]
Describe a problem which would arise in practice if

1 T, was changed in the way you suggest

...........................................................................................................................

2 T, was changed in the way you suggest.

...........................................................................................................................

What value would 7, need to have in order to get a theoretical efficiency of 1
(100%)?

T T e e [1]

[Total: 13]
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4 The following is adapted from an article about superconducting devices written by Archie M.

Campbell for “Physics World”. Read the following paragraphs and answer the questions
which follow.

(a)

(b)

(©

The electrical resistance of a material suddenly vanishes when it becomes
superconducting. This remarkable transition takes place at a critical temperature,
which is within a few degrees of absolute zero for most superconducting
materials. Certain materials have critical temperatures which are appreciably
above absolute zero. Yitrium barium copper oxide (YBCQO) has a critical
temperature of 92K and below this temperature it is superconducting. Such
materials are extremely useful for electrical devices. For example, the very
high currents that can be passed through superconducting materials can be
used to generate large magnetic fields, such as those used in magnetic
separation of charged particles or in making powerful electric motors.

A problem is that heat will enter into such a cold device. The rate at which
work needs to be done to remaove the heat leaking into the device increases as
the operating temperature is lowered. At 77 K heat leaking in at the rate of {1 W

requires 30 W of power to be supplied to the cooling mechanism to maintain a

constant temperature. At 4.2K the power supplied needs to increase to 300 W
for each watt leaking in.

State the resistance of a superconducting material below the critical temperature.

Calculate the power required by the cooling mechanism at 4.2 K if heat is leaking into a
superconducting device at a rate of 20 W.

Suggest why a superconducting device using YBCO will be run at a temperature of, say,
77 K when its critical temperature is 92 K.

..........................................................................................................................................

..........................................................................................................................................
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(d) A large electromagnet is made out of superconducting wire of square cross-section
having area 1.0mm?Z. It is a circular coil containing 3200 turns of average radius 0.30m.
A cut-away diagram is shown in Fig. 4.1. The wire, when superconducting, has current
density through it of 2.0 x 10P amperes per square metre (A m—2) of crogs-section.

Fig. 4.1

{) Show that the current in the wire is 200 A.

[2]

(if) The magnetic flux density B caused by such a coil can be estimated using the
equation

_ U IN
B= 2r

where / is the current, N the number of turns, r the average radius of the coil and
U, is a constant equal to 1.26 x 10T m A,
Calculate the resulting magnetic flux density.

magnstic flux density = ..........ccceveee. T [2]
(e) Isotopes of an element can be separated by first ionising them and then firing them into
a magnetic field. For example, if singly ionised atoms of U-235 and U-238 are fired into

a magnetic field they are deflected into circular paths of different radii.

(i) State the equation for the force F acting on a charge Q maving with velocity v at
right angles to a magnetic field of flux density B.

This question continues on the next page.
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(i) Calculate the radius of the circular path of a singly-charged U-235* ion when it
is fired with a velocity of 8.3 x 10°ms™! at right angles into the magnetic field
caused by the superconducting coit in (d)(ii). Assume that the charge on this ion is
+1.60 x 10718C,

radius of path = ....ovevererceer e m [4]

(iii} A beam containing singly ionised U-235* and U-238* ions, all travelling at the same
speed, enters a region of uniform magnetic field. Sketch the paths of these ions in
the region of the magnetic field in Fig. 4.2. Label the diagram clearly. No calculation

is required.
region of magnetic field
down into the paper
-—
path of U-235* and
U-238* ions

Fig. 4.2

(31

[Total: 16]

END OF QUESTION PAPER

OCH has made evary effort to trace the copyright holder of items used in this question paper, but if wa have inadvetterily overooked any, we apologise.
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