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Topics 9/10/11/12/13
144 Be able to use the equations ΔE = m c Δθ and ΔE = L Δm
145 CORE PRACTICAL 12: Calibrate a thermistor in a potential divider
circuit as a thermostat.
146 CORE PRACTICAL 13: Determine the specific latent heat of a phase
change.
147 understand the concept of internal energy as the random
distribution of potential and kinetic energy amongst molecules
148 understand the concept of absolute zero and how the average
kinetic energy of molecules is related to the absolute
temperature
149 be able to derive and use the equation pV = 1/3 N m <c2>using the
kinetic theory model
150 be able to use the equation pV = NkT for an ideal gas
151 CORE PRACTICAL 14: Investigate the relationship between
pressure and volume of a gas at fixed temperature.
152 be able to derive and use the equation ½ m <c2> = 3/2 k T
153 understand what is meant by a black body radiator and be able to
interpret radiation curves for such a radiator
154 be able to use the Stefan-Boltzmann law equation L = AT4 for black
body radiators
155 be able to use Wien’s law equation λmaxT = 2.90 x 10-3 m K for black
body radiators.
156 be able to use the equation, intensity I = L / 4 d2 where L is
luminosity and d is distance from the source
157 understand how astronomical distances can be determined using
trigonometric parallax

158 understand how astronomical distances can be determined using
measurements of intensity received from standard candles (objects
of known luminosity)
159 be able to sketch and interpret a simple Hertzsprung-Russell diagram
that relates stellar luminosity to surface temperature
160 understand how to relate the Hertzsprung-Russell diagram to the life
cycle of stars
161 understand how the movement of a source of waves relative to an
observer/detector gives rise to a shift in frequency (Doppler effect)
162 be able to use the equations for redshift  /   f / f  v/c for a
source of electromagnetic radiation moving relative to an observer
and v = H0d for objects at cosmological distances
163 understand the controversy over the age and ultimate fate of the
universe associated with the value of the Hubble constant and the
possible existence of dark matter.
164 understand the concept of nuclear binding energy and be able to use
the equation ΔE = c2 Δm in calculations of nuclear mass (including
mass deficit) and energy
165 use the atomic mass unit (u) to express small masses and convert
between this and SI units
166 understand the processes of nuclear fusion and fission with
reference to the binding energy per nucleon curve
167 understand the mechanism of nuclear fusion and the need for very
high densities of matter and very high temperatures to bring about
and maintain nuclear fusion
168 understand that there is background radiation and how to take
appropriate account of it in calculations

168 understand the relationships between the nature, penetration,
ionising ability and range in different materials of nuclear radiations
(alpha, beta and gamma)
169 understand the relationships between the nature, penetration,
ionising ability and range in different materials of nuclear radiations
(alpha, beta and gamma)
170 be able to write and interpret nuclear equations given the relevant
particle symbols
171 CORE PRACTICAL 15: Investigate the absorption of gamma radiation
by lead.
172 understand the spontaneous and random nature of nuclear decay
173 be able to determine the half-lives of radioactive isotopes graphically
and be able to use the equations for radioactive decay:
activity A  dN / dt = N,   ln2 / t 1/2, N = N0 e-λt and A = A0 e-λt and
derive and use the corresponding log equations.
174 understand that a gravitational field (force field) is defined as a
region where a mass experiences a force
175 understand that gravitational field strength is defined as g = F / m and
be able to use this equation
176 be able to use the equation F  G m1 m2 / r2 (Newton’s law of
universal gravitation)
177 be able to derive and use the equation g  G m / r2 for the
gravitational field due to a point mass
178 be able to use the equation vgrav = -GM/r for a radial gravitational
field
179 be able to compare electric fields with gravitational fields
180 be able to apply Newton’s laws of motion and universal gravitation to
orbital motion.

181 understand that the condition for simple harmonic motion is F =  kx, and
hence understand how to identify situations in which simple harmonic
motion will occur
182 be able to use the equations a =  2 x, x = Acos  t, v =  A  sin  t,
a =  A 2 cos  t, and T = 1/f = 2 /  and  = 2  f as applied to a
simple harmonic oscillator
183 be able to use equations for a simple harmonic oscillator
T  2 √m/k , and a simple pendulum T  2 √l/g
184 be able to draw and interpret a displacement–time graph for an object
oscillating and know that the gradient at a point gives the velocity at that
point
185 be able to draw and interpret a velocity–time graph for an oscillating
object and know that the gradient at a point gives the acceleration at that
point
186 understand what is meant by resonance
187 CORE PRACTICAL 16: Determine the value of an unknown mass using
the resonant frequencies of the oscillation of known masses.
188 understand how to apply conservation of energy to damped and
undamped oscillating systems
189 understand the distinction between free and forced oscillations
190 understand how the amplitude of a forced oscillation changes at and
around the natural frequency of a system and know, qualitatively, how
damping affects resonance
191 understand how damping and the plastic deformation of ductile materials
reduce the amplitude of oscillation.

Topic 9: Specific Heat
Specific Heat Capacity: The amount of thermal energy needed to raise the temperature of 1 kg of the substance by 1°C
ΔE = change in thermal energy (joules, J)
m = mass (kilogram, kg)
c = specific heat capacity
(joules per kilogram degree Celsius, J / kg °C)
Δθ = change in temperature (degree Celsius, °C)

ΔE = m x c x Δθ

Specific Latent Heat: The amount of thermal energy needed (or released) when 1 kg of substance changes state
(e.g. liquid to gas - vaporisation) without a change in temperature.
E = thermal energy for a change of state (joules, J)
m = mass (kilogram, kg)
L = specific latent heat (joules per kilogram, J/kg)

ΔE = L x Δm
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Topic 9: Core Practical 12
Calibrate a thermistor in a potential divider circuit as a thermostat (Should really say ‘ Calibrate a thermistor and
then use it in a potential divider circuit’.)
Using a potential divider.
Initially devised to counter the
As the temperature increases, the
problems experienced with valves
resistance of the thermistor
getting hot and increasing resistance
decreases and the potential
in a circuit, an ntc thermistor is a
difference across the thermistor
resistor whose resistance decreases
decreases whilst the potential
with increasing temperature.
difference across R1 increases.
All thermistors have their own
unique calibration curves (try
straightening the lines by plotting
the log of the value obtained).
The aim of the investigation is to insert the calibrated
thermistor into a potential divider circuit which should then be
able to give a 3.0V output at 40°C from a 6V supply.
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Topic 9: Core Practical 13
Determine the specific latent heat of a phase change
Specific Latent Heat: The amount of thermal energy needed (or released) when 1 kg of substance changes state (e.g.
liquid to gas - vaporisation) without a change in temperature.
ΔE = thermal energy for a change of state (joules, J)
m = mass (kilogram, kg)
L = specific latent heat (joules per kilogram, J/kg)

ΔE = L x Δm
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Topic 9: Core Practical 13 data
Determine the specific latent heat of a phase change. Method and example data
Determine the mass of a dry, empty beaker. Add 100cm3 of water and find the mass.
Measure the temperature of the water. Add approx. 20g of melting ice (0°C), stir until
the ice melts.
Record the lowest temperature achieved.
Measure the mass of the beaker, water and melted ice
Initial temperature of water = θ1 = 23 °C
Final temperature of water = θ2 = 7 °C
ΔƟw = 23 - 7 = 14 °C
ΔƟi = 7 - 0 = 7 °C
Mass of beaker = m0 = 100.3 g
Mass of beaker plus water = m1 = 202.4 g
Mass of water = mw = 102.1 g
Mass of beaker plus water and ice = 224.7 g
Mass of ice = mi = 22.3 g
(SHC. Specific heat capacity of water c = 4.2 J g–1 °C–1)
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102.1 x 4.2 x 23 = 22.3 x 4.2 x 7 + L x 22.3
L = 6205 / 22.3 = 278 Jg-1
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Topic 9: Absolute zero
The internal energy of a substance is the random distribution of potential and kinetic energies amongst the
molecules in a material.
The average kinetic energy of these molecules is related to the temperature and directly proportional to the
absolute temperature (in Kelvin)
Absolute zero, where particles have no energy, can be found by extrapolation of experimental data:
Temperature vs. Pressure

Temperature vs. Volume

Be able to convert from Kelvin to Celsius and back
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Topic 9: Kinetic theory model
Momentum = mass x velocity
Force = change in momentum / time
Speed = distance / time
Time = distance / speed
Pressure = Force / Area

P = pressure
V = volume
N = number of particles
K = Boltzmann constant
T = Kelvin temperature

For an ideal gas:

pV=NkT

We make a number of assumptions:
 All collisions are elastic
 Particles move randomly
 There is no attraction between particles
 Collision times are small (compared to time of flight)
 Particles act as solid spheres
 The volume of particles is small compared to the volume of
the gas
 The (average) kinetic energy of the particles is proportional to
the absolute temperature (in Kelvin)
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Topic 9: Deriving equation
Consider a volume of gas V enclosed by a cube of sides L.
The box contains N molecules of gas, each of mass m, travelling at velocity u1, u2, u3 etc
A molecule moving in the x-direction towards face A will experience a change in momentum.
Change in momentum = 2 m u1
Time of flight = 2L/ u1
{1/t = u1/2L}
Pressure = Force / Area

Force on face A = rate of change of momentum = 2m u1 u1 / 2L = m u12 / L
Area of face A = L2

Pressure = (m u12 / L) / (L2) = [m / L3 ] u12

Or for N molecules: [m / L3] (u12 + u22 + u32 ……uN2)

At any one time, approximately 1/3 of the molecules will be going in each direction:
Pressure p = 1/3 [m / L3] (u12 + u22 + u32 ……uN2)
Pressure p = 1/3 [m / L3] Nc2
Pressure p V = 1/3 m N <c2>

Rewrite (u12 + u22 + u32 ……uN2) as Nc2
L3 = volume (V)
<c2> is the mean square velocity of the molecules

Also
So

pV=NkT
3 k T = m <c2>

p V = 1/3 N m <c2>
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(k = Boltzman constant)
(K.E. = ½ m <c2>)

K.E. = 3/2 kT
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Topic 9: Core practical 14
Investigate the relationship between pressure and volume of a gas at fixed temperature
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Topic 9: Black body radiation
All objects above absolute zero radiate energy at specific
frequencies and the graph on the right shows how the
frequency might vary with temperature. It’s only sometimes
that these frequencies fall within the visible spectrum.

Wien’s law:
The peak wavelength of a black body radiator can be
found from
λmax T = 2.90 x 10−3 m K
λmax = wavelength with the highest intensity
T = Temperature (Kelvin)

Stefan-Boltzmann law:
L = σ A T4
L
A
σ
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(5.67 x 10-8 Wm-2 K-4)
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Topic 10: Luminosity
𝐈=

𝐋
𝟒𝛑𝐝𝟐
Trigonometric parallax:
r = 1 Astronomical Unit

I = Intensity
L = Luminosity (watts)
d = distance to a star
A standard candle is an astronomical object
(a star or galaxy) whose luminosity is already
known. Distance can be calculated by
comparing the known luminosity to the
observed brightness.

When d = 1 pc, θ = 1 arc second (1/3600)°
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Topic 10: Hertzsprung-Russell
The Hertzsprung-Russell Diagram is a plot of a
star’s luminosity against its temperature.
The Main Sequence stars are a diagonal from top
left to bottom right with the hottest stars to the
top left.
L = σ T4 x surface area, (for a sphere)
Stefan-Boltzmann law:
L = 4πr2 σ T4 (for black body radiators)
L = luminosity (watts)
σ = Stefan- Boltzmann constant
= 5.67 x 10-8 watts m-2 k-4
T = temperature (Kelvin)
r = radius of the star
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Topic 10: Red Shift
∆λ
∆𝒇
𝒗
𝒛= λ ≈ ≈𝒄
f

Recessional velocity (km s-1 )

z = value of red shift (positive = moving away)
∆λ = change in wavelength
v = velocity of the object
c = speed of light
v = Ho d (for objects at cosmological distances)
v = recessional velocity of the galaxy
Ho = Hubble’s Constant (km s-1 Mpc-1)
d = distance of galaxy to Earth
The movement of a
source towards an
observer gives rise to a
shift in frequency. The
wavelength is shorter
(frequency higher).
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Topic 10: The Fate of the Universe
Einstein (initially) believed the universe was in a static state.

Hubble found that galaxies appear to be moving away from each
other, leading to the Big Bang theory which suggests that the universe
began as very small and very dense and has been expanding ever
since.
The density of the universe is important and the three ‘fates’ depend
on whether the density/critical density is greater than, equal to or less
than 1.
There is now some evidence that the rate of expansion is accelerating
and ‘Dark Matter’ is the catch-all term used
to account for the missing mass / energy
needed.
For the Open Universe, expansion
accelerates, even without Dark Matter
which just makes the acceleration faster,
ultimately resulting in a big freeze (?)
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Closed universe – Gravity eventually stops the
expansion
Flat universe – average density = critical
density. In the absence of Dark Energy, the
universe expands forever at a decelerating rate
Open universe – expansion accelerates
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Topic 11: Mass deficit
The mass difference (mass defect) of a nucleus is the difference between the sum of the masses of the
separate nucleons compared with the mass of the nucleons when combined in a nucleus. This mass loss
also represents a loss of energy (∆E = c2 ∆m)
Masses of particles can be given in amu,
atomic mass units (U) rather than in kg.
They can also be given in equivalent units
Calculated from ∆E = c2 ∆m
U = 1.661 x 10-27 kg
Use kg to convert values to Joules, then
divide by the charge on the electron to
convert to electronvolts:
U = 931.3 MeV Wrong unit since this is a unit of energy
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Topic 11: Fission & Fusion
Slow
‘thermal’
neutron

Boron Control rods:
Capture neutrons, controlling the
chain reaction:
Graphite moderators:
Slow down the fast neutrons so
that they can be absorbed by more
U-235 triggering a chain reaction.

2

1H

4
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Two or
more, fast
moving,
neutrons.
ENERGY
Absorbed

2H

e

3

Unstable
nucleus

The temperatures and pressures required are difficult to achieve on
earth and it can be very difficult to contain the reaction.
High temperature and pressure are required to overcome the
electrostatic repulsion of like-charged protons and to give the particles
sufficient kinetic energy to collide and fuse. This kinetic energy would
be insufficient to overcome electrostatic repulsion at low temperatures
and the chances of successful collisions increase with pressure.
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Topic 11: Background radiation
Background radiation can be measured using a Geiger, or other
radiation, counter. Readings of background radiation (background
count) should be deducted from any experimental result.
The most common is alpha given off by radon gas and there is a
growing percentage that relates to medical use. In the past more
radiation from space penetrated our developing atmosphere.
Alpha, with its large mass and 2+ charge is highly ionising.
Beta has a much smaller mass and a 1- charge and therefore is
less ionising. Beta particles are quantised and come with a range
of energies.
Gamma, whilst highly penetrating, has a low ionising ability.

Nuclear decay is
spontaneous and
random.
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Topic 11: Equations
α decay:
mass (nucleon) number falls by 4 and the atomic (proton) number falls by 2
232

228

Th

->

90

88

4

Ra

+

α
2

β- decay: neutron -> proton + electron
(mass (nucleon) number stays the same but the atomic (proton) number goes up)
131

53

131

I

->

0

Xe

54

+

-1

e-

β+ decay: proton -> neutron + positron
(mass (nucleon) number stays the same but the atomic (proton) number goes down)
22

Na

->

11

22

Ne

+

0

β+

+1

10

γ decay: No change to nucleon (mass) number or atomic (proton) number
238

Pu

->

94

4

α

+

234

U

+

92

2

0

γ

0

Neutron emission: mass (nucleon) number falls but no change to the atomic (proton) number.
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Topic 11: Core practical 15
Investigate the absorption of gamma radiation by lead
Measure and record the background radiation
Set the Geiger counter up a fixed distance away
from the source and record the count for 2
minutes.

Do not handle the source, handle with tongs

Measure the thickness of the lead in a number
of places and calculate an average

Do not stand in front of the source
Replace the source in lead lined safe after use

Place one thin sheet of lead between the source
and detector and measure the count for 2
minutes

Repeat for increasing number of sheets of lead
Measure the background again and subtract the
average background reading from the results
Plot a graph of lead thickness vs. count rate
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Topic 11: Radioactive isotopes
A = dN / dt = −λ N
λ = ln2 / t½
N = N0 e−λt
A = A0 e−λt

ln2 = 0.693
lnN = lnN0 - λ t
lnA = lnA0 - λt

N = number of undecayed nuclei
N0 = initial number of undecayed nuclei
t = time (sec)
λ = decay constant (sec-1)
A = Activity (Bq)
Dice can be
used to
simulate
radioactive
decay

You may be asked to
discuss the applications
of radioactive materials,
including ethical and
environmental issues
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Topic 12: Gravitational Fields
Gravitational field = A region where a mass experiences a force
The gravitational force between two masses is given by F =

𝐺𝑚1 𝑚2
𝑟2

(Newton’s law of universal gravitation)

Gravitational and electric fields are both radial.
They both obey the inverse square law.

or

Gravitational fields are always attractive whereas
electric fields can be attractive or repulsive.
𝐹

Gravitational Field strength is given by 𝑔 = 𝑚
Putting this together with Newton’s law of universal gravitation gives us 𝑔 =
Gravitational potential for a radial field is given by 𝑉𝑔𝑟𝑎𝑣 =

𝐺𝑚
𝑟2

for a point mass.

−𝐺𝑚
𝑟

For an object in orbit, the gravitational attraction provides the centripetal force, so equate F =

174 175 176 177 178 179 180

video

video

video

www

www

www

photo

photo

photo

𝐺𝑚1 𝑚2
𝑟2

with F =

𝑚𝑣 2
𝑟

.

page:

24
24

Topic 13: Simple Harmonic Motion
Simple harmonic motion is a special type of periodic motion where the restoring force is directly proportional to
the displacement and acts in the opposite direction. 𝐹 = −𝑘𝑥
We compare simple harmonic motion to circular motion.
One full oscillation is equivalent to one full rotation = 2𝜋 radians.
The following equations from circular motion still apply:
1
2𝜋
𝑇 = 𝑓 , 𝑇 = 𝜔 , 𝜔 = 2𝜋𝑓.
Where
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T = Time period (seconds)
f = angular frequency (𝑠 −1 )= number of oscillations per second
𝜔 = angular speed (rads/s)

𝑇 = 2𝜋

𝑚
𝑘

for a mass on a spring

𝑇 = 2𝜋

𝑙
𝑔

for a pendulum
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Topic 13: Graphs and formulae for SHM
Displacement time graph
𝑥 = 𝐴 cos 𝜔𝑡

Find gradient
Velocity time graph
v = −𝐴ω sin 𝜔𝑡

Find gradient
Acceleration time graph
a = −𝐴ω2 cos 𝜔𝑡
a = −𝜔2 𝑥
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Topic 13: Forcing, damping & Energy
If a system oscillates freely it will oscillate at its resonant (natural) frequency. Resonance occurs when the
driving frequency equals the natural frequency.
It is possible to force the system to oscillate at a different frequency.
Damping causes the amplitude to
drop off exponentially.
Damping affects amplitude not
resonant frequency

The total energy of an undamped
simple harmonic system remains
constant so K.E. + GPE
In a damped system, the kinetic energy is
converted into heat – due to work done
against friction. So the amplitude decreases.
Plastic deformation of ductile materials is
another way energy can be transferred.

The peak shows the resonant frequency
the frequency at which the system naturally oscillates best.
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Topic 13: Core Practical 16
Determine the value of an unknown mass using the resonant frequencies of the oscillation of known masses

For a series of known masses on the same spring, measure the time period.
Measure the time for ten oscillations and then divide by ten. This reduces percentage uncertainty of time
period.
By comparing 𝑇 = 2𝜋

𝑚
𝑘

to y = mx + c, we can see that plotting T against 𝑚 we will get a straight line.

To work out the value of an unknown mass, measure the time period and then use the line on the graph to find
𝑚. Square this to find m.
|
|
|

T (s)
|

|

|

|
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