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1.

Tutorial 1

Waves & Radiation Revision

Definitions
Frequency , Number of waves per second

Wavelength , The distance from the peak of one wave to the peak of the next
Amplitude , The distance from peak to the middle of the wave

Velocity , The distance travelled per second

Refraction , The change in speed (and direction) of light as it passes from one

medium to another

Diffraction ,The bending of waves around an object (eg radio waves round a hill)
Interference, When two waves combine (can make result stronger or weaker)

. For each of the following waves, calculate:

a) 4.44x10° m
) 5.8x10"* Hz
) 28 mm

) 7.5x10° Hz
)

(

(b
(c
(d
(e) 288 m

Copy the diagram shown into your jotter carefully.

The diagram shows a ray of light passing
from air into perspex.
Mark on this diagram:
A normal line
Arrows indicating the direction of travel
The angle of incidence
The angle of refraction

Radiation Shielding Material Approx Thickness
Alpha Paper Normal sheet of paper
Beta Aluminium About 3mm

Gamma Lead About 3cm

5. Goes through 3 half lives, so new activity=1000MBq

6. Has gone through two half lives, so original activity = 32,000MBq



Tutorial 2
Interference 1

X Y
1. Use Pythagoras to find each individual length (eg AW
and BW), then find difference.
Path Diff’s- W=1.89m , X=Om , Y=0.88m , Z=1.89m | W Z
1 1
A B

2. Constructive Interference is where two wave crests meet at the same point. They
combine to increase the amplitude of the wave
Destructive interference occurs when a crest meets a trough. The interference
causes the amplitude of the wave to decrease.

3. For 2 marks
(i)Since sources are coherent
(i1) Interference occurs
(iii) As they change position the path difference changes
(iv) passing points of constructive(loud) and destructive(quiet)
interference

4. A=0.39m

5. 0.50=2A
A=0.25 m
f=1360 Hz



1.

4.

Tutorial 3
Interference 2

Lasers exhibit interference when passes through a diffraction grating. For each of
the following, use the data given to determine the gap separation ‘d’ in metres.
(@) 2.0x10° m

(b) 2.3x10° m

(c) 5.3x10° m

(d) 3.0x10® m

. A laser is passed through a diffraction grating which is 2 metres from a white

screen. The diffraction grating used is marked as having 450 lines / mm.
If the wavelength of the laser is 633nm, calculate:

(@) 6 =35°
(b) 1.4 m
. For 2 marks (i)move the metal plate
(i1) noting positions of maximum (or min) reading on the probe
(iii) Measure the distance the plate moved and work out the
distance between two adjacent maxima (or minima)
(iv) The distance between two maxima is equal to
half a wavelength
Microwave
Transmitter _ Metal
Microwave Plate
I: Probe
ruler

I —

A ray box is set up to shine a beam of white light through a diffraction grating
which has 240 lines / mm. This apparatus produces a white central maximum with
a spectrum on each side. If we assume visible light ranges from 400nm to 700nm
calculate:

(a) eblue =9.7°

(b) Breq = 5.5°

(c) (dist cent to red - dist cent to blue) = 0.341- 0.193 = 0.148 m

Red
Blue
White
Ray box Diffraction
grating Blue
Red




Tutorial 4
Simple Refraction

1. For each of the diagrams below, measure and note the angles of incidence and
refraction and use these to calculate the refractive index of the material.

sin 6,
n=

sin 0,
_ sin22°
sin10°




Tutorial 5
Complex Refraction

Material Refractive Index 0. Material Refractive Index 0.
Air 1.00 90.0° Ruby 1.76 34.6°
Water 1.33 48.8° Diamond 2.42 24.4°
Pure Glass 1.50 42.8° Flint Glass 1.61 38.4°

1. Calculate the critical angle
for each of the materials in
the table above.

See table above

2. Light is shone into a ruby
prism horizontally in the
arrangement shown.

Redraw the diagram (large)
and show the path taken by
the light through the prism
until it exits. Mark the sizes
of all angles of incidence,
refraction and reflection.

3. Draw a circle in your jotter
which is 4cm in diameter
(use compasses!). This will
represent a circular prism of
pure glass.

Two parallel rays of light pass
into it, with one ray passing
straight through the centre and
the other ray entering 1.5cm
above it.

Show on your diagram the path
of both rays of light as they pass
through and out of the block.




Tutorial 6
Irradiance

1. Calculate the irradiance in Wm for each of the following situations:
(@) 633 Wm’'
(b) 313 Wm'’
(c) 444 Wm''

2. A PV solar panel converts 20% of the light energy falling on it into electrical energy.
If the solar panel measures 1.6m by 0.8m, and is placed in sunlight with an
irradiance of 800Wm2, calculate:

(@) 1024 W

b) 205W

)17.1 A

)

4.4x10° J

3. Asatellite in earth orbit (1.496x10"" m from the sun)
measures the irradiance as 1470Wm™. Calculate the
irradiance at each of the following positions:

(a) Mercury | = 9813 Wm"

(b) Mars | = 628 Wm'"

(c) Neptune | = 1.61 Wm'"

(d) The Voyager 1 space probe |=0.132 Wm'

4. A small point source of light is used in the experiment shown in the diagram below.
With the sensor exactly 30cm from the source, the reading is 400Wm™. Another
light source is placed 20cm behind the first source (50cm from the sensor).
Assuming the sensor picks up the light from both sources, calculate the total
irradiance detected at the sensor when the second source is activated.

Total Reading = 400 + (30?/50%)x400 = 400 + 144 = 544 Wm'"

Source B Source A Light

Q Q Sensor

< »d
< Ll |

20cm 30cm

v



Tutorial 7

Photoelectric Effect

Metal fo(hz) Ewv(J) Metal fo(hz) Ew(J)
Aluminium 9.85x10™ 6.53x10™" Lead 9.98x10™ 6.62x10"
Calcium 7.00x10™ 4.64x10™" Sodium 5.50x10™ 3.65x10™"
Gold 1.23x10" 8.16x10™" Zinc 1.04x10™ 6.88x10°"

Plank’s Constant = h = 6.63x103*Js

1.

Calculate the threshold frequency for each of the above metals.
See table at tope of page

2. Calculate the energy of a photon of:
(a) Red light of wavelength 680nm =2.93x10"J
(b) Green light of wavelength 510 nm =3.90x10™"? J
(c) Infrared radiation with a wavelength of 360um = 5.53x102% J
(d) Ultraviolet radiation of wavelength 50nm = 3.98x10™'® J
(e) Gamma radiation of wavelength 1x10?m =1.99x10" J
3. State and explain whether or not photoelectric emission of electrons would occur
in each of the following situations:
(a) No emission - photon has insufficient energy
(b) No emission - plate is positively charged
(c) No emission - photon has insufficient energy
4. If a negatively charged aluminium plate were irradiated with UV radiation with a
wavelength of 250nm, photoelectric emission will occur. Calculate the maximum
kinetic energy of an electron emitted from the plate.
Hence calculate the maximum velocity at which the electron could be emitted.
fono=1.20x10" Hz
Epho= 7.96x10™" J
Eetec = Epho - Ew = 1.43x10™"7 J
Velec - 5.59x10° ms”’
5. Explain why photoelectric emission suggests that light can act like a particle.

Since a distinct number of electrons are released (one for each photon)
photoelectric effect suggests that light is made up of discreet particles which have
an energy proportional to their frequency.




Tutorial 8
Emission & Absorption

The data below shows an energy level diagram for neutral hydrogen. Figures from this
diagram should be used in the following question

W; = -1.30x107" J

W, = -2.43x10"° J

W, = -5.44x107"° J

Wo = -21.8x10"° J

1.

From the information above, there are six possible frequencies of radiation which
could be emitted from an excited hydrogen atom.

Calculate these frequencies and hence their wavelengths.

For each of the six, suggest the colour of light or type of radiation emitted

Wi-W; .. E=1.13x10"J .. f=1.70x10" Hz ... A =1760nm - Infrared
W3- Wy ..E=4.14x10""J .. f=6.24x10" Hz ... A = 480nm - Blue
W3- Wo ... E=2.05x10"J .. f=3.09x10"" Hz ... A =97.0nm - UV
Wy- Wy .. E=3.01x10""J .. f=4.54x10""Hz ... A =661nm - Red
W2-Wo ... E=1.94x10"J ... f=2.92x10" Hz ... A =103nm - UV
Wi-Wo .. E=1.64x10"8J ... f=2.47x10" Hz ... A=122nm - UV

2. When white light is shone through hydrogen gas and then examined, some dark
lines appear in the spectrum. Explain with reference to the above energy diagram
why the dark lines are present.
White light would contain all visible frequencies. As photons with an energy
corresponding to the energy difference between two energy levels in the atom pass
through the gas, they can be absorbed by atoms causing an electron to move to a
higher energy level. Since these specific frequencies of photon are absorbed, small
black lines appear in the otherwise continuous spectrum. This is called an
absorption spectrum.

3. Explain how viewing the light from a distant star, through either a diffraction

grating or a prism, allows scientists to determine the main elements present in the
star.

Diffraction gratings and prisms split up light into different wavelengths such that
the details of the spectrum can be analysed. The light given off by stars will
exhibit an absorption spectrum corresponding to the main elements in the corona
of the star. Comparing this with known elements, scientists can determine the
main chemical elements present.



Tutorial 9
Lasers & Semiconductors

. Laser is an acronym, but what do the letters stand for?
Light Amplification by Stimulated Emission of Radiation

. Explain the difference between spontaneous and stimulated emission of a photon.
Spontaneous - Electron drops an energy level releasing a photon with random
direction and phase. Emission occurs at a random and unpredictable time
Stimulated - Electron is stimulated to drop an energy level by another photon with
the same energy passing by. Released photon is same frequency, in phase and has
same direction as the stimulating photon.

. Semiconductors can be either P-type or N-type. Explain the meanings of these
terms in terms of charge carriers.

P-type - Doped semiconductor with excess free positive charge carriers

N-type - Doped semiconductor with excess free negative charge carriers

. Explain why a P-N junction diode in a reverse bias arrangement does not allow a
current to flow through it.

The potential difference across the P-N junction is such that charge carriers are
drawn away from the junction of the P and N-type materials. This causes a
widening of the depletion layer such and as a result charge carriers cannot move
across the p-n junction, and so the diode cannot conduct.

I drain
. Draw the electrical symbol for a MOSFET and
label the three terminals.

gate
source

. Draw an electrical circuit showing a photodiode in photovoltaic mode connected to
an electric motor.

A ®




Tutorial 10
Radioactive Decay Series, Fission & Fusion

For this tutorial you will need to refer to a periodic table. A simplified table is supplied
at the back of this tutorial booklet. When naming elements, always give the name or
symbol, atomic nhumber and mass number.

—

210 4 206
. ‘glPo— He+ ) Pb

Lead-206
SU— e+ Np Neptunium-235

U+ Set+sHe—>%Pu  Plutonium-241

Nuclear fission is where a large nucleus splits into two smaller nuclei. In doing this
some mass is ‘lost’ and is converted to energy. The large nucleus splits when
struck by a neutron. In splitting, the reaction also emits a number of neutrons,
which can go on to strike other large nuclei causing them to split. This process
continues and is called a chain reaction. It will not stop until all large nuclei have
been split or if the neutrons are otherwise absorbed.

Use the information about the atomic mass of the following isotopes for Q5&6

Particle Mass(kg) Particle Mass(kg)
Uranium-235 3.9014x10% Deuterium 3.3432x10%
Kryptonium-92 1.5255x10™? Tritium 5.0066x10%
Barium-141 2.3392x10% Helium-4 6.6450x10*’
neutron 1.6750x10%/

5.

92

235 1 92 141 1
U+,n—; Kr+Ba+3,n

Induced Fission Reaction - lost mass = 3.2x10%® kg

Energy produced per reaction = 2.88x10™"" J

'H+'H—> He+,n

Fusion reaction
Mass lost per reaction = 2.98x10% kg
Energy produced per reaction = 2.682x10™'2 J



Tutorial 11
Dosimetry & Shielding

The following tables provide the radiation weighting factors for different types of
radiation for use in the following tutorial.

Radiation Weighting Factor
Alpha 20
Beta 1
Gamma 1
Fast Neutrons 10

. Give a working definition for each of the following terms:

Becquerel - The number of decays in a source per second

Absorbed Dose - The energy of the radiation absorbed per unit mass

Dose Equivalent- A Measure of the biological risk of radiation exposure

Half Life - The time taken for the activity of a source to half

Half value thickness - The thickness of shielding material required to reduce the
strength of radiation received by half

. A scientist is investigating radiation and uses different types of radiation to
irradiate a number of different biological samples. For each of the following
calculate the absorbed dose, and hence the dose equivalent for each.

(@) D=1.55 pGy ... H=1.55Sv

(b) D=3 mGy .. H=60 mSv

(c) D=0.25Gy .. H=2.5Sv

. A human being of mass 75kg works in a reactor room 6 days per year, for 3 hours
each time, receiving 37uJ of fast neutron radiation for each 3 hour period.
Calculate:

(@) D=493 nGy .. H=4.93 pSv Hrate=1.64 pSvh™

(b) D=2.96 pGy ... H=29.6 pSv Hyate=29.6 pSv per year or 3.38 nSvh™

. A highly radioactive source emitting gamma radiation is to be encased in steel for
safety. A detector in the adjacent room currently detects 4000 counts per minute.
How much steel would be required to reduce this to 500 counts per minute. The
half value thickness of steel is 3.3cm.

Required Thickness = 9.9cm

. 2 marks

(i)Set up source and detector - do not move these throughout experiment

(i1) Take unshielded count rate

(iii) Add shielding, take new count. Repeat with various thicknesses.

(iv)Draw graph and use to determine HVT. (or add shielding until count rate halves)
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