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MOMENTS & STABILITY

13.1 How do forces have a turning effect?

Using skills, knowledge and understanding of how science works:

•  to describe how to find the centre of mass of a thin sheet of a material

•  to calculate the size of a force, or its distance from an axis of rotation, acting on a body that is balanced

•  to analyse the stability of bodies by considering their tendency to topple.

Skills, knowledge and understanding of how science works set in the context of:

•  The turning effect of a force is called the moment.

•  The size of the moment is given by the equation:

moment = force × perpendicular distance from the

line of action of the force to the axis of rotation

•  The centre of mass of a body is that point at which the mass of the body may be thought to be concentrated.

•  If suspended, a body will come to rest with its centre of mass directly below the point of suspension.

•  The centre of mass of a symmetrical body is along the axis of symmetry.

•  If a body is not turning, the total clockwise moment must be exactly balanced by the total anticlockwise moment about any axis.

•  Recognise the factors that affect the stability of a body.

•  If the line of action of the weight of a body lies outside the base of the body there will be a resultant moment and the body will tend to topple.


1. What is meant by:

(a) centre of mass
(b) axis of symmetry

2. Draw diagrams of the following shapes of uniform thickness cards and on each indicate the position of their centres of mass.

(a) circular card

(b) square card

(c) rectangular card

(d) isosceles triangular card
3. Outline an experiment to find the centre of mass of an irregularly shaped piece of card.
4. Draw diagrams to explain why it is important that most of the mass of a double-decker bus should be as low down as possible.

5. What is meant by:

(a) moment of a force

(b) anticlockwise turning effect

6. (a) A person opens a door by pulling a handle with a force of 200N. If the handle is 80cm away from the door hinge what turning effect is applied by the person?

(b) If the person exerts a different turning effect of 120Nm, what is now the force exerted?
7. The diagram below shows a balanced see-saw.
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Complete the table below for each combination of balanced children.
	
	Child weights (N)
	Distances (m)

	
	A
	B
	A
	B

	(a)
	200
	400
	2
	

	(b)
	500
	300
	
	3

	(c)
	
	300
	3
	4

	(d)
	250
	
	4
	2


8. Why must you place your finger below the 50cm point on a metre-ruler in order to balance it on your finger?

CIRCULAR MOTION

13.2 What keeps bodies moving in a circle?

Using skills, knowledge and understanding of how science works:

•  to identify which force(s) provide(s) the centripetal force in a given situation

•  to interpret data on bodies moving in circular paths.

Skills, knowledge and understanding of how science works set in the context of:

•  When a body moves in a circle it continuously accelerates towards the centre of the circle. This acceleration changes the direction of motion of the body, not its speed.

•  The resultant force causing this acceleration is called the centripetal force.

•  The direction of the centripetal force is always towards the centre of the circle.

•  The centripetal force needed to make a body perform circular motion increases as:

–  the mass of the body increases;

–  the speed of the body increases;

–  the radius of the circle decreases.

SATELLITE AND PLANETARY MOTION

13.3 What provides the centripetal force for

planets and satellites?

Using skills, knowledge and understanding of how science works:

•  to interpret data on planets and satellites moving in orbits that approximate to circular paths.

Skills, knowledge and understanding of how science works set in the context of:

•  The Earth, Sun, Moon and all other bodies attract each other with a force called gravity.

•  The bigger the masses of the bodies the bigger the force of gravity between them.

•  As the distance between two bodies increases the force of gravity between them decreases.

•  The orbit of any planet is an ellipse (slightly squashed circle), with the Sun at one focus.

•  Gravitational force provides the centripetal force that allows planets and satellites to maintain their circular orbits.

•  The further away an orbiting body is the longer it takes to make a complete orbit.

•  To stay in orbit at a particular distance, smaller bodies, including planets and satellites, must move at a particular speed around larger bodies.

•  Communications satellites are usually put into a geostationary orbit above the equator.

•  Monitoring satellites are usually put into a low polar orbit.

1. What is meant by ‘centripetal force’?

2. Name the centripetal force or forces in the following situations:

(a) the Moon orbiting the Earth
(b) a stone being whirled in a horizontal circle
(c) a car turning a corner

(d) a stone being whirled in a vertical circle

3. Why must a object moving along a circular path be experiencing a resultant force?
4. What effect does a centripetal force have on the motion of an object?

5. How does the centripetal force acting on an object change if the:

(a) the speed of the object increases
(b) the radius of the object’s circular path decreases

(c) the mass of the object increases
The table below shows some planetary data:

	Name
	Orbit radius (km)
	Orbit period (days)

	Earth
	150 million
	365

	Jupiter
	779 million
	4 333

	Mars
	228 million
	686

	Mercury
	57 million
	88

	Neptune
	4504 million
	60 190

	Saturn
	1429 million
	10 760

	Uranus
	2871 million
	30 685

	Venus
	108 million
	225


6. Which planet:

(a) has the shortest ‘year’

(b) is furthest from the Sun

(c) has an orbital period of about 12 years

(d) is about ⅓ rd the distance from the Sun as Uranus 

7. Explain how the above table supports the statement ‘the further away an orbiting body is the longer it takes to make a complete orbit’
8. The circumference of a circle is given by: 

C = 2πR. 

(a) Use data from the table to calculate the orbital speeds of Mercury and Venus.
(b) Which planet moves the quickest?

(c) Why are your calculations inaccurate?
9. What force causes a satellite to orbit the Earth?

10. Draw a diagram to explain what is meant by an elliptical orbit.
11. What is a satellite?

12. What are the properties of the orbit of a geostationary satellite?
13. Why are some satellites placed into polar orbits?

14. Name a satellite that has an orbital period of about 29 days.

OPTICS

13.4 What do mirrors and lenses do to light?

Using skills, knowledge and understanding of how science works:

•  to construct ray diagrams to show the formation of images by plane, convex and concave mirrors

•  to construct ray diagrams to show the formation of images by diverging lenses and converging lenses

•  to explain the use of a converging lens as a magnifying glass and in a camera

•  to calculate the magnification produced by a lens or mirror using the formula:

magnification = image height / object height

Skills, knowledge and understanding of how science works set in the context of:

•  The normal is a construction-line perpendicular to the reflecting/refracting surface at the point of incidence.

•  The angle of incidence is equal to the angle of reflection.

•  The nature of an image is defined by its size relative to the object, whether it is upright or inverted relative to the object and whether it is real or virtual.

•  The nature of the image produced by a plane mirror.

•  The nature of the image produced by a convex mirror.

•  The nature of the image produced by a concave mirror for an object placed at different distances from the mirror.

•  Refraction at an interface.

•  Refraction by a prism.

•  The nature of the image produced by a diverging lens.

•  The nature of the image produced by a converging lens for an object placed at different distances from the lens.

•  The use of a converging lens in a camera to produce an image of an object on a detecting device (eg film).


1. Draw a diagram showing the angles of incidence and reflection when a ray of light reflects off a plane mirror.

2. Sketch diagrams showing how a beam of three parallel light rays is deviated by reflection or refraction when incident on:

(a) a plane mirror
(b) a diverging lens
(c) a convex mirror
(d) a concave mirror

(e) a converging lens
3. Draw ray diagrams showing how a convex lens is used to form an image when used:

(a) in a camera

(b) as a magnifying glass

4. Explain what is meant by:

(a) an inverted image

(b) a real image

(c) a virtual image

5. Draw ray diagrams showing how a concave mirror can form each of the image types listed in question 4.

6. (a) Give a use of a convex mirror.

(b) State the properties of the image produced by a convex mirror.

7. Draw a diagram showing how a prism refracts light.
8. Complete the table below:

	
	Height of
	Magnification

	
	image
	object
	

	(a)
	8 cm
	2 cm
	

	(b)
	
	3 cm
	5 x

	(c)
	15 cm
	
	3 x

	(d)
	3 cm
	
	0.25 x


9. Which is bigger?
(a) the magnification produced by a magnifying glass of a camera in normal use.

(b) the distance of the object or image with a magnifying glass

(c) the distance of the object or image with a camera in normal use

10. An object of height 2 cm is placed 6 cm away from a converging lens of focal length 4 cm. Draw a full-scale ray diagram and so find out the size and nature of the image produced.

11. Give a use of the set up of question 10.
SOUND

13.5 What is sound? 

Using skills, knowledge and understanding of how science works:

•  to compare the amplitudes and frequencies of sounds from diagrams of oscilloscope traces.

Skills, knowledge and understanding of how science works set in the context of:

•  Sound is caused by mechanical vibrations and travels as a wave.

•  Sounds in the range 20-20 000 Hz can be detected by the human ear.

•  Sound cannot travel through a vacuum.

•  The pitch of a note increases as the frequency increases.

•  The loudness of a note increases as the amplitude of the wave increases.

•  The quality of a note depends upon the waveform.

•  Sound waves can be reflected and refracted.

ULTRASOUND

13.6 What is ultrasound and how can it be used?

Using skills, knowledge and understanding of how science works:

•  to compare the amplitudes and frequencies of ultrasounds from diagrams of oscilloscope traces

•  to determine the distance between interfaces in various media from diagrams of oscilloscope traces.

Skills, knowledge and understanding of how science works set in the context of:

•  Electronic systems can be used to produce ultrasound waves which have a frequency higher than the upper limit of hearing for humans.

•  Ultrasound waves are partially reflected when they meet a boundary between two different media. The time taken for the reflections to reach a detector is a measure of how far away such a boundary is.

•  Ultrasound waves can be used in industry for cleaning and quality control.

•  Ultrasound waves can be used in medicine for pre-natal scanning. 


1. What is a sound wave?

2. Draw a diagram to explain what is meant by the ‘amplitude’ of a wave.

3. Explain, with the aid of a diagram, how an oscilloscope can be used to measure a sound wave’s:

(a) amplitude; (b) frequency

4. (a) The diagram below shows a sound wave might be displayed on an oscilloscope. Copy this diagram and add another trace showing how a wave of twice the frequency but half the amplitude would appear.
(b) If the horizontal scale is 2 milliseconds per square calculate the period and frequency of the sound wave.


5. What is the typical frequency range of hearing of a human?

6. How does a sound change if the wave it is made up of is decreased in amplitude while at the same time being increased in frequency?

7. Why did astronauts on the Moon talk to each other by radio rather than using sound only?

8. Why does the note middle C sound different when played on a violin and piano?

9. What is an ‘echo’?

10. What is ultrasound?

11. Describe how ultrasound is used in pre-natal scanning.

12. Describe an industrial use of ultrasound.

13. Complete the table below showing how the time taken for an ultrasound wave to travel depends on the distance a reflecting surface is from the ultrasound transmitter and receiver. You will need to use the equation:

            wave speed = distance travelled
                                         time taken



	Distance (m) 
from
	Time (s)

taken 
between
	Speed of ultrasound (m/s)

	Source to reflector
	Reflector to detector
	Source and reflector
	Reflector and detector
	

	660
	660
	2
	2
	330

	
	
	3
	3
	330

	165
	165
	
	
	330

	3300
	
	
	5
	330

	4500
	4500
	
	3
	

	4000
	
	2
	5
	


THE MOTOR EFFECT
13.7 How can electricity be used to make things move?

Using skills, knowledge and understanding of how science works:

•  to explain how the motor effect is used in simple devices.
Skills, knowledge and understanding of how science works set in the context of:

•  When a conductor carrying an electric current is placed in a magnetic field, it may experience a force.

•  The size of the force can be increased by:

–  increasing the strength of the magnetic field

–  increasing the size of the current.

•  The conductor will not experience a force if it is parallel to the magnetic field.

•  The direction of the force is reversed if either the direction of the current or the direction of the magnetic field is reversed.

ELECTRICAL GENERATORS

13.8 How do generators work? 

Using skills, knowledge and understanding of how science works:

•  to explain from a diagram how an a.c. generator works, including the purpose of the slip rings and brushes.

Skills, knowledge and understanding of how science works set in the context of:

•  If an electrical conductor .cuts. through magnetic field lines, an electrical potential difference is induced across the ends of the conductor.

•  If a magnet is moved into a coil of wire, an electrical potential difference is induced across the ends of the coil.

•  If the wire is part of a complete circuit, a current is induced in the wire.

•  If the direction of motion, or the polarity of the magnet, is reversed, the direction of the induced potential difference and the induced current is reversed.

•  The generator effect also occurs if the magnetic field is stationary and the coil is moved.

•  The size of the induced potential difference increases when:

–  the speed of the movement increases

–  the strength of the magnetic field increases

–  the number of turns on the coil increases

–  the area of the coil is greater.

TRANSFORMERS

13.9 How do transformers work? 

Using skills, knowledge and understanding of how science works:

•  to determine which type of transformer should be used for a particular application.

Skills, knowledge and understanding of how science works set in the context of:

•  The basic structure of the transformer.

•  An alternating current in the primary coil produces a changing magnetic field in the iron core and hence in the secondary coil. This induces an alternating potential difference across the ends of the secondary coil.

•  The potential difference (p.d.) across the primary and secondary coils of a transformer are related by the equation:

p.d. across primary / p.d. across secondary = number of turns on primary / number of turns on secondary

•  In a step-up transformer the potential difference across the secondary coil is greater than the potential difference across the primary coil.

•  In a step-down transformer the potential difference across the secondary coil is less than the potential difference across the primary coil.

•  The uses of step-up and step-down transformers in the National Grid.

1. Give two uses of the force experienced by a current carrying conductor in a magnetic field.

2. State what factors affect the size the force exerted on a current carrying wire when it is placed between the poles of a ‘U’ shaped magnet.

3. How can the force acting on a conductor in a magnetic field be reversed?

4. The force acting on a conductor depends on the angle between the conductor and the magnetic field. Sketch diagrams showing the maximum and minimum, usually zero, force cases.

5. What is the purpose of the split-ring commutator in a DC electric motor?

6. Describe how a loudspeaker works.

7. (a) What happens inside a conducting wire when it is moved in a magnetic field?

(b) What is this effect called?

8. How can the potential difference produced in a coil when a magnet is moved in and out of it be: 
(a) increased; (b) reversed in direction
9. (a) Sketch a labelled diagram of a simple bicycle dynamo.
(b) Describe how this dynamo produces a voltage.

(c) Is this voltage AC or DC?
10. Below is a diagram of a simple AC generator. Describe how this generator works. Your explanation should include a reference to the slip rings.
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11. Draw a diagram of a transformer and describe how it works.

12. (a) What is the difference between a step-up and step-down transformer?

(b) Give two uses of each type.

13. A transformer changes 230V to 46kV and has a primary coil of 1500 turns. How many turns does its secondary coil have? 

14. A transformer has a primary of 1500 turns and a secondary of 300. Calculate the secondary voltage if the primary is supplied with;

(a) 230V DC; (b) 100V AC ?

15. Why are transformers needed in the National Grid?

STARS & GALAXIES

13.10 What is the life history of stars?

Using skills, knowledge and understanding of how science works:

•  to explain how stars are able to maintain their energy output for millions of years

• to explain why the early Universe contained only hydrogen but now contains a large variety of different elements.

•  Our Sun is one of the many billions of stars in the Milky Way galaxy.

•  The Universe is made up of billions of galaxies.
Skills, knowledge and understanding of how science works set in the context of:

•  Our Sun is one of the many millions of stars in the Milky Way galaxy.

•  The Universe is made up of at least a billion galaxies.

•  Stars form when enough dust and gas from space is pulled together by gravitational attraction. Smaller masses may also form and be attracted by a larger mass to become planets.

•  Gravitational forces balance radiation pressure to make a star stable.

•  A star goes through a life cycle (limited to the life cycle of stars of similar size to the Sun and stars much larger than the Sun).

•  Fusion processes in stars produce all naturally occurring elements. These elements may be distributed throughout the Universe by the explosion of a star (supernova) at the end of its life.


1. List in order of size (starting from the smallest):

the Universe; a galaxy; a star; the Earth.

2. What is the 'Milky Way' apart from a chocolate bar?

3. What is a galaxy?

4. Complete the following sentences:

The Sun is one of many stars in our galaxy which contains many _________ of stars. The _______ _______ is one of at least a billion galaxies in the ____________ .

5. How our Sun and the Solar System thought to have formed?

6. How do stars differ from planets?

7. Name the nearest star to Pluto.

8. Outline the life-history of a star of similar mass to the Sun. 

9. In what ways do the life-cycles of much more massive stars than the Sun differ from that of the Sun?

10. What is: (a) a planetary nebula

(b) a neutron star

(c) a black hole

11. Why is the Sun’s size roughly constant?

12. When the Sun runs out of hydrogen in its core it will expand into a Red Giant. 
(a) Why will this occur?
(b) Why will the Sun expand?

(c) Why will the Sun become redder?

(d) When is this expected to happen?

13. Jupiter contains mainly hydrogen. Why has it not become a star?

14. (a) What is a supernova?

(b) Explain the process that causes a supernova?

(c) Why will the Sun NOT undergo the supernova event?
15. (a) How do stars produce energy?

(b) Name this process.
16. How where each of the following elements probably formed in the Universe?

(a) carbon

(b) uranium
(c) hydrogen
17. Why is the Sun thought to be at least a second-hand star? 
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