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10 Liquid crystal displays (LCDs) are made from two parallel glass plates, 10 um apart,
with liquid crystal molecules between them. The glass is coated with a conducting
material.

Glass plate
S
o
D) .
10£m T 15V
T
Glass plate Molecules

The molecules are positive at one end and negative at the other. They are normally
aligned parallel with the glass plates as shown.

The switch S is closed and 1.5V is applied across the glass plates.

(a) Calculate the electric field strength between the plates.

Electric field strength = .. .. ...

(b) Explain what happens to the liquid crystal molecules.

(Total for Question 10 = 5 marks)
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11 The diagram represents a proton.

(a) Draw lines to represent its electric field.

(b) Calculate the electrostatic force on the electron in a hydrogen atom.

Average distance between proton and electron = 5.4 x 10 m

Force =

(Total for Question 11 = 6 marks)
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*14 A student has been asked to talk to her class about electric fields. As part of her
presentation she hangs a table tennis ball, covered in a carbon coating, between two
parallel plates connected to a high potential difference.

Very long thread

suspended from
/ ceiling

To high potential
difference

She pulls the ball across so that it touches one of the plates and then releases it.

The ball then continues to bounce between the two plates.

She sketches a graph of velocity v of the ball with time t from the time the ball leaves a
plate until it returns.

/

\
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Explain the shape of the velocity-time graph for the ball from when it leaves one plate
until it returns to the same plate. Ignore the weight of the ball.

(Total for Question 14 = 4 marks)
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16 (a) Sketch the electric field surrounding the gold nucleus drawn below.

(b) The spreadsheet shown approximately models the behaviour of an alpha particle as it
approaches a gold nucleus.

The proton number of gold is 79.
mass of alpha particle = 6.64 x 107%'kg

A B C D E
- Distance Magnitude L \elocity at end of Displacement of
of force | Time interval o S
from gold time interval alpha particle in time
on alpha /s 1 .
nucleus / m . /ms interval / m
particle / N
2 8.60E-14 | 4.92E+00 1.00E-21 1.53E+07 1.56E-14
3 7.04E-14 | 7.34E+00 1.00E-21 1.42E+07 1.47E-14
4 5.57E-14 1.17E+01 1.00E-21 1.24E+07 1.33E-14
5 4.24E-14 | 2.02E+01 1.00E-21 9.34E+06 1.09E-14
6 3.15E-14 | 3.66E+01 1.00E-21 3.83E+06 6.58E-15
7 2.49E-14 5.84E+01 1.00E-21 —4.97E+06 —5.69E-16
8 2.55E-14 | 5.59E+01 1.00E-21 —1.34E+07 —9.18E-15
9 3.47E-14 | 3.02E+01 1.00E-21 —1.79E+07 —1.57E-14
10 5.03E-14 1.43E+01 1.00E-21 —2.01E+07 —1.90E-14

(1) Show how cell B3 is calculated.
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SECTION B
Answer ALL questions in the spaces provided.

11 (a) Explain what is meant by a uniform electric field.

(Total for Question 11 = 5 marks)
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SECTION B
Answer ALL questions in the spaces provided.

11 The positively charged particles in the solar wind are accelerating away from the Sun.
Some scientists have therefore concluded that the Sun is positively charged.

(a) Explain this conclusion.

(b) The circle below represents the Sun.

Complete the diagram to show the electric field produced by a positively-charged
Sun.

(Total for Question 11 = 4 marks)
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14 Two identical table tennis balls, M and N, are attached to non-conducting threads and
suspended from a point P. The balls are each given the same positive charge and they
hang as shown in the diagram. The mass of each ball is 2.7 g.

18.0 cm

I% 20.6 cm H

(a) Draw a free-body force diagram for ball M, label your diagram with the names of
the forces.
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(b) (i) Show that the tension in one of the threads is about 3 x 102 N.

(c) State and explain what would have happened if the charge given to ball M was
greater than the charge given to ball N.

(Total for Question 14 = 12 marks)
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15 The charge on an electron was originally measured in an experiment called the Millikan
Oil Drop experiment.

In a simplified version of this experiment, an oil drop with a small electric charge is
placed between two horizontal, parallel plates with a large potential difference (p.d.)
across them. The p.d. is adjusted until the oil drop is stationary.

For a particular experiment, a p.d. of 5100 V was required to hold a drop of
mass 1.20 x 10-'* kg stationary.

+5100 V

2.00 cm O— oil drop

ov

(a) Add to the diagram to show the electric field lines between the plates.

(b) State whether the charge on the oil drop is positive or negative.

(c) Complete the free-body force diagram to show the forces acting on the oil drop. You
should ignore upthrust.

14
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17 A teacher uses an electron beam tube to demonstrate the behaviour of electrons in an
electric field. The diagram shows the path of an electron in a uniform electric field
between two parallel conducting plates.

curved path
of electrons
5.0 cm
electric
field line N

(a) Mark on the diagram the direction of the electric field.

(b) The conducting plates are 5.0 cm apart and have a potential difference of 160 V
across them.
Calculate the force on the electron due to the electric field.

(c) Explain why the path of the electron is curved between the plates and straight when it
has left the plates.
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Acceleration of free fall
Boltzmann constant
Coulomb’s law constant

Electron charge

Electron mass
Electronvolt

Gravitational constant
Gravitational field strength
Permittivity of free space
Planck constant

Proton mass

Speed of light in a vacuum
Stefan-Boltzmann constant
Unified atomic mass unit

Unit 1

Mechanics

Kinematic equations of motion

Forces

Work and energy

Materials
Stokes’ law
Hooke’s law
Density
Pressure

Young modulus

Elastic strain energy
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List of data, formulae and relationships

g=9.81ms>
k=1.38x 102 JK!
k= 1/4re,

=8.99 x 10° N m? C2

e=-1.60x 10" C

m, =9.11 x 10" kg

levV=160x10"J

G =6.67x10" Nm?kg=
g=9.81 N kg

g, =885x 10" Fm
h=6.63x103Js

m, =167 x 10?7 kg
c=3.00x%x10ms!
6=567x%x10°W m2K*
u=1.66 x 102" kg

v=u+at

s = ut + Yat?
vZ = Uu? + 2as
>F =ma
g=F/m

W =mg

AW = FAs

E = Yomv?
AE,,, = mgAh
F = 6nyrv

F = kAx
p=m/V
p=F/A

E = o/¢ where

Stress ¢ = F/A
Strain ¢ = Ax/x

E, = %FAX

(close to Earth’s surface)

(close to Earth’s surface)
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Unit 2
Waves
Wave speed

Refractive index

Electricity
Potential difference
Resistance

Electrical power, energy and
efficiency

Resistivity

Current

Resistors in series

Resistors in parallel

Quantum physics
Photon model

Einstein’s photoelectric
equation
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v =/

M, =sinifsinr = v /v,

V=W/Q
R=V/I
P=VI
P=IR
P =V4R
W = Vit

useful energy output
total energy input

% efficiency = x 100

useful power output
total power input

% efficiency = x 100
R =pl/A

| = AQ/At
| = nqvA

R=R, +R,+R,

2

11,11
R Rl RZ RS
E =nhf

hf = p+ Yamv2
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Unit 4
Mechanics
Momentum p=mv
Kinetic energy of a
non-relativistic particle E, = p%2m
Motion in a circle v =aor
T=2n/w
F=ma=mvr
a=vir
a = rw?
Fields
Coulomb’s law F =kQ,Q,/r* where k = 1/4ne,
Electric field E=FQ
E = kQ/r?
E=V/
Capacitance C=Q/NV
Energy stored in capacitor W = 1%QV
Capacitor discharge Q=Qe"°
In a magnetic field F=BIllsing
F=Bqvsiné
r=p/BQ
Faraday’s and Lenz’s Laws e =—d(Np)/dt

Particle physics
Mass-energy AE = c2Am
de Broglie wavelength A =nhlp
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