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Scales and Scientific Notation
1. Copy and complete:

There are _________ centimetres in one metre.

There are 1000 ______________ in one metre.

There are ___________ metres in one kilometre.

2. Change these into metres:

(a) 25cm
 
(b) 3cm 
(c) 0.8cm, 
(d) 560cm, 
(e) 300mm, 
(f) 46mm, 

(g) 2mm 

(h) 8540mm  (i) 5km, 
(j) 3.2km, 
(k) 740km

3. Scientific Notation is a way to make it easier to write down really small or really large numbers.

For example, 4000 = 4 x 103    and     0.00007 = 7 x 10-5
1. Change these numbers into Scientific Notation: 
(i) 5000   (ii) 0.00004   (iii) 970000   (iv) 0.076

4. Change these Scientific Notation numbers into normal numbers: 

(i) 2 X 105  (ii) 9 x 10-5  (iii) 6.1 x 10,  (iv) 8.5 x 10-3[image: image9.wmf]
Prefixes :

m (milli) 
     0.001 = 1 x 10-3  

K (Kilo)  
        1 000 = 1 x 103
 (micro)   0.000006 = 1 x 10-6      

M (Mega)
 1 000 000 = 1 x 106
n (nano) 0.000000001 = 1 x 10-9


G (Giga)  1 000 000 000 = 1 x 109
5. Copy and Complete the following table into milli, micro and nano:

	Number
	Milli
	Micro
	Nano

	0.0000050
	0.005 x 10-3
	
	

	0.169
	
	
	

	0.028
	
	28 000 x 10-6
	


6. Convert the following numbers into Kilo, Mega and Giga:

	Number
	Kilo
	Mega
	Giga

	1690
	
	
	

	1888000
	
	1.888 x 106
	

	300000000
	
	
	0.3 x 109


Waves Parameters and Behaviours
It is very important that you layout your answers in a clear and logical way.  Use the method below and you won’t go far wrong...

Example:

Calculate the distance travelled in 10 minutes by a cyclist travelling at 4ms-1
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In the following questions use the method shown above to help structure your thinking and your answer.
7. Calculate the distance travelled in 30minutes by a car travelling at 25ms-1.

8. How long will it take sound to travel 3km in air? (take speed of sound in air to be 340ms-1)

9. At what speed would an Olympic athlete need to be travelling at to smash the 100m sprint record in a time of 9.5s?
10. Copy and complete the following table. You must show all your working as described above for each answer.

	Speed
	Distance
	Time

	10 m/s
	100 m
	

	
	3000 m
	150 s

	1.2 m/s
	
	30 s


11.  A pupil reads about an experiment that can be carried out to measure the speed of sound in air. When the hammer hits the metal block a sound wave is produced. The computer is used to measure the time it takes for the sound wave to travel from one microphone to the other. The computer will display the time taken for the sound to travel this distance or it can be used to calculate the speed of sound directly.
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The pupil carried out the experiment, and the time measured was 0.006 s.

(a)
What other information does the computer need to calculate the speed of sound for her?
(b) 
Find the speed of sound using the pupil's results.
(c) 
The pupil found that the speed was not calculated properly when the experiment was done close to a wall. Suggest a reason for this.


12. You see a flash of lightning, and then hear the thunder 6 seconds later. How far away (roughly!) is the thunderstorm? Take the speed of sound to be 340 m/s.


13. A person at the mouth of a cave shouts, and hears an echo from the back wall of the cave. Using a stopwatch, she times 1 second between shouting and hearing the echo. Calculate how far away the back wall of the cave is. Take the speed of sound to be 340 m/s.


14. Copy the table below and fill in the symbol, unit and definition for each term.


	Wave Term
	Symbol
	Unit
	Definition

	frequency
	
	
	

	wavelength
	
	
	

	speed
	
	
	


15. Using diagrams, describe the difference between TRANSVERSE and LONGITUDINAL waves.  Give an example of each type of wave.

16. Explain what is meant by the following wave parameters: frequency, wavelength, amplitude, period.

17.  From the diagram below determine 
(a) the wavelength     and 
(b) amplitude of this wave:
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18. Calculate the frequency of a wave if 2400 waves pass a point in 1 minute.

19. Calculate the period (time for one wave to pass) of the wave in Q18 above.

20. The questions below refer to this diagram.
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(a)
Calculate the wavelength of the waves shown.


(b)
If the waves took 6 seconds to travel this distance, what is their frequency?


(c)
What is the amplitude of these waves?


(d)
Use the wave equation to calculate the speed of the waves.


21.  A wave of frequency 8 Hz has a wavespeed of 16 m/s.

What is its wavelength?
22. A schoolboy, who is studying waves in school, decides to put some theory into practice. He stands at the edge of a loch, near a harbour, and waits for a large car ferry to pass by on its way out of the loch. The boy has a stop clock and a metre stick for his investigation.


As the car ferry passes by it creates large waves and the boy notices that 20 waves strike the shore in 12 seconds and that the first wave takes 10 seconds to reach the shore. The boy then records the time interval between waves and also the approximate distance between successive wave crests. His results are shown below.




Time for 1st. wave to reach shore from boat.............10 seconds.



Distance between 2 successive wave crests......1·8 metres.



Number of waves striking the shore in 12 seconds.........20


(a)
What was the frequency of the waves produced by the car ferry?


(b)
What was the wavelength of the waves produced by the car ferry?


(c)
Calculate the speed of the waves.

(d) How far was the car ferry from the shore?
23.  A scientist is testing some sonar equipment in a valley.



The equipment operates at 40 kHz, giving a wavelength in air of 0·83 cm, and consists of an ultrasound transmitter / receiver and a sensitive timing device. There are two horns on the transmitter which direct the ultrasound in two opposite directions, as shown above.


The scientist positions the equipment 60 m from the nearby valley wall and transmits a pulse of ultrasound. The time between transmission and detection of each pulse echo is then displayed on the timer.


(a)
Calculate the speed of sound in the valley.

(b)
What time elapsed, after transmission, before the first echo (from the near valley wall) was detected?

(c)
The second echo (from the far away valley wall) was detected at a time of 0·675 seconds after transmission. 

What was the distance between the scientist and the faraway valley wall?


(d)
How wide was the valley?

Reflection

24. (a) What is the law of reflection?

      (b) Illustrate your answer to part (a) with a neat, labelled diagram.

25.  (a) What is an optical fibre?

       (b) Give one example of a use for optical fibres in a telecommunications system.

26.  What is the name given to the angle of incidence at which Total Internal Reflection (TIR) begins to occur?

27.  Give two advantages of optical fibres over electrical cable used to send signals.


28.  Copy the diagram, and complete it to show the path taken by the ray of light.


Include normals and direction.



29.  An optical fibre is used to carry a telephone message to the USA from Scotland. It travels 5000 km. The light signals travel at a speed of 2 x 108 m/s. How long will this take?
30.  A high street bank decides to extend their premises and move into a second building near their main branch. In order to pass information from one building to the other they lay fibre optic cables to link them. The most cost effective way to do this is to lay the cables along existing pathways.


The map below shows the different ways the cable could be laid.











(a)
Along which route should the cable be laid to ensure that data is passed as 
quickly as possible? (Use the letters on the diagram)

(b)
If the speed of light along the cables is 2 x 108m/s, calculate the time delay between sending and receiving the information along this route.

(c)
An engineer surveying the pathways suggests it would be cheaper to lay cables along route A-B-D. What extra time delay in receiving information would this 
involve?

Refraction
31.  Copy and complete this diagram showing the ray of light refracted through the block.  Clearly label the following: incident ray, refracted ray, normal, angle of incidence, angle of refraction.

32.  When light enters a more dense medium what happens to the velocity, wavelength and frequency of the light?
33.  (a) Four pupils were asked to find out as much as they could about the refraction   of light and the use of lenses.

Jane shone rays of light through different perspex shapes. 

Copy and complete the diagrams below to show her results.



(b)
Robert shone a ray of light through a rectangular glass block. He sketched the 

path of the ray through the block and measured three angles. The diagram below   shows the measurements he made.



(i)
What is the line drawn at right angles to the surface of the glass block



called?


(ii)
What size is the angle of incidence?


(iii)
What size is the angle of refraction?

Electromagnetic Waves
34.  Stars and galaxies emit radiation at many different frequencies in the electromagnetic spectrum. By collecting these signals astronomers can learn a lot about our universe.

	Gamma

rays
	
	UV
	
	IR
	
	TV waves
	


       (a) Copy and complete the diagram of the electromagnetic spectrum shown below.

       (b) Which waves have the longest wavelength?

   (c) It takes radio waves from the galaxy Andromeda 2(2 million years to reach us.

         How far away is Andromeda in kilometres? (one year = 365 days)

       (d) Name a detector for each type of electromagnetic radiation in the spectrum.

35.  Virgin Radio broadcasts on a frequency of 1215 kHz. 
(a) What is the wavelength of these radio waves?

(b) Name two quantities that can be different for different radio signals.

36. The table below gives information about the main radio and television waves:

	Frequency Range
	Frequency
	Wavelength Spread
	Waveband
	Range
	Main Uses

	30 Hz - 3 kHz
	ELF
	>100 000 m
	---
	---
	Links to submarines

	3 kHz - 30 kHz
	VLF
	100 000 – 
10 000 m
	---
	>1500 km
	long range navy & army use

	30 kHz - 300 kHz
	LF
	10 000 – 
1000 m
	long wave
	>1500 km
	long range navy & army use

	300 kHz - 3 MHz
	MF
	1000 – 100 m
	medium wave
	<1500 km
	sound broadcasts

	3 MHz - 30 MHz
	HF
	100 – 10 m
	short wave
	world wide
	sound broadcasts

	30 MHz - 300 MHz
	VHF
	10 – 1 m
	ultra short
	Just beyond horizon
	High quality sound

	300 MHz - 3000 MHz
	UHF
	1 - 0.1 m
	---
	horizon
	television or mobile link



(a)   What are ELF radio waves used for?


(b)
Northsound Radio uses a frequency of 96.9 MHz. Which waveband does Northsound use?



(c)   Calculate the wavelength of Northsound Radio waves.


37.  Copy the table and complete the first row to show seven bands in the electromagnetic spectrum in order of increasing frequency from left to right.

	Name of

wave band
	Radio
	
	I.R.
	
	U.V.
	
	

	Possible

Detector
	
	Diode

probe
	
	
	
	
	

	Useful

Application
	
	
	
	
	
	
	Sterilising

plastic syringes.


For each type of wave, name a device which can absorb some of the waves to detect or measure them. Enter this information in the second row
For each band name an application and complete the third row in the table.

38.  Give one industrial and one non-industrial use of lasers.

39.    (a) Why are electromagnetic waves not used for scans of unborn babies? 
        (b) What is used instead?

40.  (a) What is the main long term danger of overexposure to ultraviolet radiation? 

 (b)   How could the risk of this danger be minimised?
41.    Calculate how long it takes for a signal sent from a remote control to arrive at the   sensor on a TV which is 3m away.
42.  Explain which signal is most likely to diffract in hilly regions. Read the passage below and use it to answer the questions that follow.
The sun is a star 150 x106 km from Earth which produces enormous amounts of energy in the form of electromagnetic waves. We can detect the visible light from the sun with our eyes but we cannot detect the invisible ultraviolet light which also reaches Earth. Exposure to the ultraviolet light from the sun can produce a change in the colouring of the skin which we call a sun tan.
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There are three types of ultraviolet radiation. We are constantly exposed to UVA and we need this for healthy growth and to make vitamin D in our bodies. UVA light has wavelengths in the range 315 to 400 nm. UVB light has wavelengths in the range 

280 to 315 nm. Most of the UVB light from the sun is removed by the layer of ozone in the atmosphere around the Earth. Scientists have found that there is a hole in the ozone layer which is allowing more UVB to reach us on the surface of the earth. UVB can cause a skin cancer called melanoma. The third type of UV light, with wavelengths in the range 200 to 280 nm, is called UVC .

People who are going to be exposed to the sun for any length of time should protect their skin with sun tan cream. An extract from the back of a bottle of sun tan cream is given below.
	Bronzage cream protects the skin from sun burn, premature skin ageing and long term damage to the internal structure of the skin by filtering out the harmful UVA/UVB rays from sunlight.

Bronzage is water resistant even after a swim of 30 minutes.


(a)
Calculate how long it takes for ultraviolet light to travel from the sun to Earth.

(b)
Construct a table giving the wavelengths of UVA, UVB and UVC light.

  (c)
Calculate the frequency of the shortest wavelength UVC light.

  (d)
What type of UV light has a frequency of 7·5 x 1014 Hz?

  (e)
What range of wavelengths does Bronzage sun tan cream block?

Diffraction

43. A house in a hilly region can't get a good reception on the television, but radio   reception is perfect. Explain why this is.
44.  Copy and complete the following sentences using the words in the box:
Larger    wavelength    spreading     sharp
A gap similar to the __________  causes a lot of spreading with no _______ shadow e.g. sound through a doorway.

A gap much ________ than the wavelength causes little  __________ and a sharp shadow e.g. light through a doorway.

45.  Copy and complete the following sentences using the words in the box:

radio      short     television     hills
Diffraction affects radio and ________signals. Long wave_________ signals are much less affected by buildings, _____ , tunnels etc. than those of _______ wave or vhf radio, or television.

46.  Two signals are transmitted with a frequency of 300Mhz and 3Ghz respectively.

 Which frequency would diffract the least and give an explanation for your answer.

Nuclear Radiation
47. A medical physicist carries out a shielding experiment to find out what kind of radiation is being emitted by unknown sources X and Y.


He sets up the following apparatus and record the results shown below.


	Source
	Initial 

count
	Paper shield 

count
	Aluminium 

shield count
	Thick Lead shield count

	X
	4 200
	4 200
	4 200
	5

	Y
	3 800
	5
	5
	5



(a)
What kind of radiation is each source emitting? Explain your answer.


(b)
What effect would sources X and Y have on photographic film?


The physicist thinks source X would be best to use as a radioactive tracer but has to ensure it has a suitably short half life.


(c)
Why is source X better than source Y as a radioactive tracer?


(d)
Why is it important to ensure the source has a short half life?


She carries out an experiment to determine the half life of source X and finds that the count rate falls from 3 200 Bq to 200 Bq in 3 hours.


(e)
Calculate the half life of the source.


(f)
What fraction of the sample would be left after 90 minutes?


(g)
What would the activity of the source be after 90 minutes?

48. 
Materials X and Y are radioactive and their respective half lives are 20 minutes and 30 minutes. At the start of an experiment the activity of material X is 8 000 Bq while the activity of Y is 2 000 Bq.

How much time will elapse, from the start of the experiment, before the activities of materials X and Y are equal?

49.  We are exposed to radiation all the time. This radiation is called background radiation and comes from outer space, rocks in the earth’s surface and even from our own bodies. Radiation is also produced by nuclear reactors and by medical treatments.


(a)
Radiation can be very dangerous since it kills cells. Describe how this makes 



radiation useful in medicine.

(b)
The activity of a radioactive source decreases with time. What unit is used to measure activity?

(c)
Anybody working with radioactive sources on a regular basis should be protected from overexposure to radiation. Describe the safety precautions these people should take when dealing with radioactive sources.

 400 m





C





Answer:


Step 1 – Write down what the question is asking you for – 


Distance, d = ?


Step 2 – Write down the information given in the question – 


Time, t = 10 mins = 10 x 60 = 600s


Speed, v = 4 ms-1


Step 3 – Write down the equation linking what you don’t know with what you know – 


D = v x t 


Step 4 – Go ahead and put the numbers into your equation –


D = v x t


   = 4 x 600


   = 2400m








D





Y





X





560





550





340
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