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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,
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c=3.00x108 ms™!
o = 47 x 107 Hm™!
€, =8.85x 10712 Fm-!

e=1.60x10"1°C

h=6.63x10"34Js

u=1.66x10"2" kg
m, =9.11x 10731 kg
m, = 1.67 x 1077 kg

R =8.31 JK"'mol™
N, = 6.02 x 1023mol"
G =6.67x10""" Nm2kg—2

g=9.81ms™



Formulae

uniformly accelerated motion,

refractive index,

capacitors in series,
capacitors in parallel,
capacitor discharge,

pressure of an ideal gas,

radioactive decay,

critical density of matter in the Universe,

relativity factor,
current,
nuclear radius,

sound intensity level,
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Answer all the questions.

1  Explain the difference between the following terms.

(a) refraction and diffraction

.............................................................................................................................................. [2]
(b) heatand temperature
.............................................................................................................................................. [3]
(c) electromotive force and potential difference
.............................................................................................................................................. [2]
(d) energy and power
.............................................................................................................................................. [2]
(e) magnetic flux density and magnetic flux
.............................................................................................................................................. [2]

[Total: 11]
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(@) (i)

(ii)
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A spring A is stretched by a force F. It undergoes an elastic extension x.

Deduce, in terms of Fand x,

1 the spring constant k of the spring

SPriNG CONSIANT = ... [1]1
2 the work done in extending the spring.
LYo T4 (e (o] o 1= T [1]1

Another spring B of spring constant 2k is joined in series with spring A and the combined
springs are pulled by the same force F as shown in Fig. 2.1.

A B
k 2k F
Fig. 2.1

Deduce, in terms of k and F, the extension of each spring and the work done on each
spring. Put the expressions you obtain in the table of Fig. 2.2.

spring sbring force extension work done
constant
A k F
B 2k F

[3]
Fig. 2.2
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(b) Now consider an electrical situation where two resistors X and Y are connected in series.
Resistor X has resistance R and resistor Y has resistance 2R and they carry a current I as
shown in Fig. 2.3.

X Y
T | I | >
R 2R i
Fig. 2.3

Deduce, in terms of I and R, the potential difference across each resistor and the electrical
work done per second on each resistor. Put the expressions you obtain in the table of
Fig.2.4.

potential work done

resistor | resistance current !
difference per second

[3]
Fig. 2.4

(¢) The trends shown in Fig. 2.4 should be opposite to the trends shown in Fig. 2.2. Explain why

this is and state how a different definition of spring constant would make the two situations
directly comparable.

[Total: 11]
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Nuclear and conventional power stations use high-pressure steam to cause the rotation of a
turbine that is connected to an electricity generator as shown in Fig. 3.1.

turbine
generator /r:F steam inlet
\\\\ L////
-—= — steam outlet
Fig. 3.1

The laws of thermodynamics show that the turbine of such a system, with a high input temperature
T, and a low output temperature T , has a maximum theoretical efficiency 7. given by

Mooy =1— —.
max TH

(@) (i) Explain how the form of this equation indicates that temperatures cannot be in Celsius
and must be in kelvin.

(ii) Calculate the maximum theoretical efficiency of a steam turbine with an inlet temperature
of 850K and an outlet temperature of 340K.

maximum theoretical efficienCy = ........c.evveiiiiiiiiiiiieeeeeeee, % [1]

(iii) Explain what conditions are required for input and output temperatures in order to obtain
highest values of turbine efficiency.

Input temperature MUSEDE .........euiiiiiiii e e e e
Output temperature MUSE DE ...ooooiiiiee e [1]1

(iv) Explain the basic problems that will arise with each of these conditions.
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(b) Combined heat and power systems (C.H.P.) are being introduced as a way of making more
efficient use of energy resources. One system uses a small power station with electrical output
of 20MW. Consider the steam turbine in (a) with its input temperature at 850K and its output
temperature at 340K. In practice its efficiency is 42%. The efficiency of the generator can be
assumed to be 100%.

(i) Calculate the input power at 850K.

INPUE POWET = i MW [2]

(ii) Calculate the power wasted as heat at the low temperature of 340K.

power wasted = ... MW [1]
(ili) This wasted power heats cooling water from its original temperature of 290K to the output

temperature of 340K. Calculate the mass of cooling water per second that needs to be
used. The specific heat capacity of water is 4200Jkg~' K.

MASS PEr SECONA = ...ocvevieeeieeierecieeeieete e kgs™![3]
(iv) Ina C.H.P. system the heated cooling water at 340 K is used to warm buildings. Suggest

two practical problems with such a system. One of these problems should be associated
with the choice of temperature of the heated cooling water.

[Total: 18]
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A capacitor of capacitance 80 x 10~ F is connected in a circuit together with a battery of

e.m.f. 20V and a resistor of resistance 50k, as shown in Fig. 4.1.

>,
vy)

e 80x 10%F
50kQ

Fig. 4.1
(a) The capacitor is charged by moving the switch to terminal A. Calculate

(i) the charge @, stored on the capacitor

charge Q)= ..oocooerrennineeee

(ii) the energy stored in the capacitor.

ENEIGY = vvieeeeeeeeeieeie et

(b) The switch is then moved to B at time t=0.

(i) Show that the time constant of the capacitor — resistor circuit is 4000s.

]

(ii) State the equation relating the charge on the capacitor, Q, at time t, with Q,, C and R
where C is the capacitance of the capacitor and R is the resistance of the resistor. Use

the equation to find the corresponding equation for In Q.

© OCR 2009
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11
(iii) Complete the table. Hence plot a graph of In Q against time on the grid.

t/s t/CR In Q, InQ
0
1000
4000
6000

InQ

[5]
(iv) 1 Deduce the gradient of the graph.
gradient = ... [1]
2 Express the gradient in algebraic terms, using information from (b)(ii).
1]
(v) Determine the time taken for the charge on the capacitor to fall to 0.0010 Q.
timetaken = ... s [3]
THIS QUESTION CONTINUES ON PAGE 12
Turn over
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(c) (i) State the expression for the energy E stored by the capacitor in terms of Q and C.

]

(ii) Without drawing another graph, deduce how the gradient of the graph of In E against {, is
related to the gradient of the In Q against t graph you have drawn.

[2]

[Total: 20]
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