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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,

¢=3.00x108 ms™"
Mo =47 x107 Hm™
€ =8.85x107"2 Fm™1

e=1.60x10"1°C

h=6.63x10"34Js

u=1.66 x 10727 kg
m, = 9.11 x 10731 kg
m, = 1.67 x 10727 kg

R =18.31 JK™1mol-1
N, = 6.02 x 1023 mol~1
G=6.67x10"1"" Nm2kg—2

g=9.81 ms2
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Formulae

uniformly accelerated motion,

refractive index,

capacitors in series,
capacitors in parallel,

capacitor discharge,

pressure of an ideal gas,

radioactive decay,

1
§ = ut+3at?
v2 = u2+2as

1
sinC

1/C = 1/C1+1/Cz+. ..

C=C,+C,+...
X = x,6~/CR
pP= Jgivnz<02>
X=x e M
}tt% = 0.693
3H02

critical density of matter in the Universe, p, = B G

relativity factor,

current,

nuclear radius,

sound intensity level,

2
=+ {1 ——g—z}
I = nAve
r=rA"

I
IL =10Ilg| =
g(@)
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Answer all questions.
1 (a) Name an instrument used to measure

(i) electric current,

............................................................................................................................ [1]
(ii) potential difference.

............................................................................................................................ [1]

(b) The electric charge AQ passing a point in a circuit is given by the equation
AQ=IAL

State what is represented by the other symbols I and At.
L ettt e e en e e e e e e s e r et e sne et e e e et setanenteene et raesenne e
AL ettt ettt ettt et et e st e et eenneeeeeeere et eseeeee e et oe oo 2]

() A 1.2kW water heater is switched on for 1500s. During this time, a charge of
7.5x10%C passes. Calculate

(i) the electric current,

current = ... A [2]

(ii) the p.d. across the heater,
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(iii) the electrical energy transformed by the heater,

ENEIGY = tvvrvrecrrersnrenrncenranenees J [2]

(iv) the cost of using the heater given that the cost of 1kWh is 6.4 p.

COSE= coririnricniiiiinrseae p [2]
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(a) Define electrical resistance.

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

-------------------------------------------------------------------------------------------------------------------------

(b) With the aid of a sketch graph, describe how the resistance R of a negative

temperature coefficient (NTC) thermistor changes with temperature 6.

R

(¢) Fig. 2.1 shows the I/V characteristic of a tungsten filament lamp.

I/A
2.0 —

1-0 /

0 2 4 6 8 10 12 WV

Fig. 2.1

-----------------------------------------------------

-----------------------------------------------------

(i) State how, and explain why, the resistance of the filament lamp changes as the

potential difference V across it increases.

----------------------------------------------------------------------------------------------------------------------------
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7
(i) A5.0Q resistor and the tungsten filament lamp are connected in series to a d.c.
power supply of e.m.f. 24 V. The current drawn from the power supply is 2.0A.

1. Calculate the total power delivered by the supply.

2. Use Fig. 2.1 to determine the resistance of the filament lamp when the
current in it is 2.0A.

reSiStanCe = ..ovvvviieeiciveeninreniians Q [2]

3. Calculate the total resistance of the series combination of the filament lamp
and the resistor.

resistance = ......cocoiiiiiiieriiiinnnnen, Q ]

4. Calculate the internal resistance of the supply.

internal resistance = ..........cocviiiniciiens Q [2]
2822/1 Janot [Turn over
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(a) Define electrical resisﬁvity.

(b) Fig. 3.1 illustrates a metallic resistor constructed by depositing a thin layer of metal on
a plastic strip. This particular resistor has resistance 5.0, length 1.2x102m and

width 2.0x103m.

metal of
cross-sectional
area A
——————plastic
2.0x10°m /
It
! copper contact wire
| |
[ 1
1.2x102m
Fig. 3.1

(i) The resistivity of the metal is 4.3x108Qm. Calculate the cross-sectional area A
of the resistor.

(i) What is the thickness t of the resistor?
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4 (a) Kirchhoff’s first law is based on the conservation of an electrical quantity. State the law
and the quantity conserved.

(b) Fig. 4.1 shows a potential divider circuit. The battery has negligible internal resistance
and the voltmeter has very high resistance.

1200Q
6.0V
—= I
400Q

Fig. 4.1

(i) Show that the voltmeter reading is 1.5 V.

[2]
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(ii) An electric device rated at 1.5V, 0.1 A is connected between the terminals X and Y.
The device has constant resistance. The voltmeter reading drops to a very low
value and the device fails to operate, even though the device itself is not faulty.

1. Calculate the total resistance of the device and the 400 Q resistor in parallel.

resistance = ......ccooeveiiiiiiiiniiin, Q [3]

2. Calculate the p.d across the device when it is connected between X and Y.

P = e V 2]

3. Why does the device fail to operate?
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5 (a) Figs. 5.1 and 5.2 illustrates the magnetic field patterns caused by current-carrying
conductors in a plane at right angles to the conductors.

Fig. 5.1 Fig. 5.2

What shapes of conductor would produce these field patterns above?
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(b) Fig. 5.3 illustrates a part of a simple electric motor. A square loop of wire ABCD is
placed in the uniform magnetic field of a permanent magnet.

A D

0.30A
Fig. 5.3

AB is perpendicular to the magnetic field lines and BC is parallel to them. The current
in the loop is 0.30 A and the magnetic flux density is 1.2x102T.

(i) State the magnitude of the force, if any, experienced by the side BC.

(ii) 1. The length of the side AB is 1.5cm. Calculate the magnitude of the force
experienced by AB.

2. Name the rule that may be used to find the direction of the force experienced
by AB.
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14

In 1927, the American physicist Clinton Davisson showed that electrons were diffracted by
solid materials.

(a) State what may be interpreted about the nature of electrons from such an experimént.

(b) (i) State the de Broglie equation, giving the meanings of the symbols used.

(i) Electrons in outer space can travel at very high speeds. One particular electron
has kinetic energy 0.01 MeV.

1. Show that the kinetic energy of the electron is 1.6 x 10~15J.

[2]

2. Calculate the speed of this 0.01 MeV electron.

SPEed = .ovvvenirre e e, ms~! [3]
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3. Hence determine the de Broglie wavelength 4 of this electron.

A= i m [2]

(c) State and explain whether a 0.01 MeV proton would have a shorter, equal or a longer
- wavelength than that calculated in (b)(ji)3.

----------------------------------------------------------------------------------------------------------------------------------------
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7 (a) In an experiment, an electrically insulated zinc plate is negatively charged. When
exposed to a weak ultra-violet source, the plate starts to lose its negative charge.

Explain this phenomenon in terms of the photoelectric effect. Suggest how increasing
the intensity of the ultra-violet source would affect the experiment.

(You will be awarded marks for the quality of written communication in your answer to
this question.)

........................................................................................................................................
........................................................................................................................................
........................................................................................................................................
........................................................................................................................................
........................................................................................................................................
........................................................................................................................................
........................................................................................................................................
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(b) A 1.0mW laser produces red light of wavelength 6.3 x 107" m.

(i) Calculate

1. the frequency of the radiation,

frequency = ...coooviciiiniiinninnne unit .....cceeee. [3]

2. the energy of a photon of red light.

ENEIJY = civvvvrrnrniniiiincasiennnss J [2]
(ii) Caiculate the number of photons emitted per second by the laser.

UMDY = .uviiiiieieeeererene e s [2]

(iii) State how, and explain why, the number of photons emitted per second would
change if the 1.0mW laser produced blue light.
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8 Describe the main features of electromagnetic waves. Name three principal radiations and
give their approximate wavelengths.

(You will be awarded marks for quality of written communication in your answer to this
question.)

------------------------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------------------------
................................................................................................................................................
------------------------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------------------------
................................................................................................................................................
.................................................................................................................................................
................................................................................................................................................
------------------------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------------------------
................................................................................................................................................

------------------------------------------------------------------------------------------------------------------------------------------------

Quality of written communication [4]
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