Higher Physics Homework Tutorials

Radiation & Matter
Version 2.0




1.

Tutorial 1
Waves & Radiation Revision

Give a good quality definition for each of the following words, relating to
electromagnetic waves such as light:

Frequency , Wavelength , Amplitude , Velocity ,
Refraction , Diffraction , Interference

. For each of the following waves, calculate:

(a) The distance travelled by a light wave in 14.8 seconds.

(b) The frequency of light in air if its wavelength is 520nm.

(c) The wavelength of a 12000Hz sound wave in air.

(d) The frequency of a microwave with a wavelength of 4 cm.

(e) The distance travelled per minute by a water wave of frequency 0.8Hz and
wavelength 6m

. 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

Construct a table showing the three types of nuclear radiation and the approximate
thickness and material of the shielding required to block it

5. A sample of plutonium has a half life of 36days. If its current
activity is 8000MBq, calculate its activity 108 days from now.

6. The same sample of plutonium from Q5 was actually prepared 72
days ago. What was its original activity?



1.

Tutorial 2
Interference 1

The diagram shows a 1m grid and the position of two
coherent sources of sound (A & B). For each other

position (W, X, Y, & Z), calculate the path difference.
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. Describe what is meant by the terms constructive interference and destructive
interference. Include in your description the effect on the waves in question.
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i 3. Two audio speakers are producing coherent sound waves. Explain
OO | why a person walking in front of the speakers will hear changes in the
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constant amplitude.

volume of sound even though the speakers are producing sounds of

4. Pupils curious about the effect in Q3 replicate this experiment in the Lab. They
detect a position of minimum volume where the path difference is 0.58m. They
determine that this is the second minimum. Determine the wavelength of the

5.

sound, and hence its frequency.

Two speakers producing coherent sound are positioned 1.8m apart. A pupil is
standing immediately in front of one of the speakers, 3m away from it. The position
he is standing at represents the second maximum. Calculate the wavelength and

therefore the frequency of the sound.



1.

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.
(a) 500 lines / mm

(b) 44000 lines / m

(c) 1900 lines / cm

(d) 8500 lines / inch  (1inch = 0.0254 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:

(a) the angle between the central and second maximum.

(b) the distance between the central and second maxima on the screen.

. The apparatus in the diagram below can be used to measure the wavelength of

microwaves. Describe in detail the procedures and calculations involved in
calculating this wavelength.

Microwave
Transmitter Metal
Microwave Plate
j Probe
ruler

] =

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) the angle between the central maximum and the blue edge of the spectrum

(b) the angle between the central maximum and the red edge of the spectrum

(c) the width of the spectrum (blue to red) on a screen 2m away.

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.




Tutorial 5

Complex Refraction

Material Refractive Index Material Refractive Index
Air 1.00 Ruby 1.76
Water 1.33 Diamond 2.42
Pure Glass 1.50 Flint Glass 1.61

1.

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

2. Light is shone into a ruby prism horizontally in the 600

arrangement shown. Redraw the diagram (large)
and show the path taken by the light through the g
prism until it exits. Mark the sizes of all angles of

incidence, refraction and reflection.

60° 60°

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.

You may measure angles on your diagram, but must show calculations for each
reflection or refraction which takes place.
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Tutorial 6
Irradiance

Calculate the irradiance in Wm™ for each of the following situations:
(@) 19kW of light falling on a 30m? area.

(b) 25W of light falling on a 20cm by 40cm area.

(c) 8kJ of light energy falling on a 0.5m by 0.6m area in 1 minute.

. 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 800Wm, calculate:

(a) The power of the light falling on the solar panel.

(b) The electrical power produced by the panel.

(¢c) The current produced by the panel if it runs at 12V.

(d) The energy produced by the panel in 6 hours.

3. A satellite 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 (5.79x10"°m from the sun)

(b) Mars (2.280x10"'m from the sun)
(c) Neptune (4.500x10"’m from the sun)

(d) The Voyager 1 space probe launched 1977, currently
1.58x10"3m from the sun

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.

Source B Source A Light

Q Q Sensor
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Tutorial 7
Photoelectric Effect

Metal Work Function(J) Metal Work Function(J)
Aluminium 6.53x10™" Lead 6.62x10™"
Calcium 4.64x107" Sodium 3.65x10"
Gold 8.16x10™" Zinc 6.88x10™"

Plank’s Constant = h = 6.63x103%Js

1. Calculate the threshold frequency for each of the above metals.

2. Calculate the energy of a photon of:

a) Red light of wavelength 680nm

Green light of wavelength 510 nm

Infrared radiation with a wavelength of 360um
Ultraviolet radiation of wavelength 50nm

3. State and explain whether or not photoelectric emission of electrons would occur in
each of the following situations:
(a) Red light from Q2(a) incident on a negatively charged sodium plate
(b) UV radiation from Q2(d) incident on positively charged zinc plate
(c) Green light from Q2(b) incident on negatively charged Calcium plate

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.

5. Explain why photoelectric emission suggests that light can act like a particle.




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, = -2.43x107"° J
W, = -5.44x10"° 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

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.

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.



Tutorial 9
Lasers & Semiconductors

. Laser is an acronym, but what do the letters stand for?

. Explain the difference between spontaneous and stimulated emission of a photon.

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

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

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

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



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.

1. An atom of polonium-210 emits an alpha particle. Which element remains?

2. An atom of uranium-235 emits a beta particle, what element remains?

3. Detectives find a suspicious material at a crime scene which has almost entirely
decayed into Neptunium 237. They are detecting small levels of alpha and beta
radiation from the material.

Assuming the material decayed into Neptunium-237 by a single alpha decay and a
single beta decay, what was the original material?

4. Describe the process of nuclear fission explaining why energy is generated during
the reaction. Explain why this reaction develops into a chain reaction.

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. The equation below represents a nuclear reaction.

(a) What type of nuclear reaction is this? 235 | 9 141 |
(b) Calculate the mass lost and hence the 9 U+On—>36 Kr+ 56Ba +30 n
energy created in this reaction

6. The equation below represents a nuclear reaction.
(a) What type of nuclear reaction is this? 2 3 4 1
(b) Calculate the mass lost and hence the energy created 1H+1H_)2He+0n
in this reaction



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 , Absorbed Dose, Dose Equivalent, Half Life, Half value thickness

. 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.

(a) 850uJ of Gamma radiation absorbed by a 0.55g bacterial sample

(b) 6mJ of alpha radiation absorbed by a 2kg elephant heart

(c) 25uJ of fast neutrons absorbed by a 0.1g spleen

. 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:

(a) his dose equivalent rate over a single 3 hour shift.

(b) his effective dose equivalent rate over the whole year.

. 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.

. Describe in detail and experiment to measure the half value thickness of lead for
gamma radiation. Include all the equipment required, measurements taken and
calculations performed.
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