Standard Grade Physics

Learning Outcome Questions
Health Physics
1. State two differences between a clinical and a normal thermometer and give the reason for these differences

2. Explain whether sound waves travel best through air or water.

3. Explain why some sounds are called ultrasounds.

4. Describe one use for ultrasound in medicine?

5. A stethoscope has two bells. Name each bell and state the organ it allows you to hear

6. When we say someone is longsighted what do we mean?

7. Draw a ray diagram for a short sighted person

8. What type of lens corrects for short-sightedness?
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Copy and complete the following ray diagram to show how images are formed in the eye:

10. Write down the equation used to measure Power and focal length.

11. State the units of power and focal length

12. Describe how you would find the focal length of a lens 

13. What does the negative and positive sign in front of the power of the lens indicate?

14. Find the power of a convex lens of focal length 0.1 m

15. Find the power of a convex lens of focal length 50 cm

16. Find the focal length of a convex lens of power + 6 D

17. Find the focal length of a lens of power - 12 D

18. Draw a diagram of a fibre optic cable showing the rays of light passing through.

19. A surgeon wishes to burn away a tumour in a patient's stomach using a laser without having to operate. How could this be achieved with modern technology?

20. Copy and complete the following diagram of the electromagnetic spectrum

	Radio

&  TV
	?
	?
	Visible Light
	Ultra Violet
	?
	Gamma Rays


21. Describe how X-rays are detected by photographic film

22. Name two dangers of UV light

23. An atom has three different parts: can you name them?

24. Copy and complete the table below:

	Radiation
	Nature
	Stopped by

	Alpha
	
	

	
	Fast moving electron
	

	
	
	3cm of Lead


25. What is background radiation?

26. Describe the effect of radiation on living cells.

27. Explain what is meant by ionisation.

28. Explain what is meant by half-life.

29. Describe an experiment to find background radiation in a classroom.

30. A radioactive substance has a half-life of 6 hours: What fraction of the original activity will the source have after 24 hours?

31. The half-life of Cobalt-60 is 5 years.  Galashiels Academy bought some 15 years ago, when its activity was 300 Bq - what is it now?

32. Find the half-life if a source falls from 3200 to 200 Bq in 20 days?

33. The half-life of a radioisotope is 30 days.  120 days after it has been made its activity is measured at 100 kBq.  Find its original activity.

Telecommunications
1) Describe how the speed of sound compares with the speed of light

2) State the speed of light in air

3) In an electrical storm thunder and lightning are produced at the same time.  A pupil 2.72 km from the storm sees the lightning but doesn’t hear the thunder until 8 seconds later.

a) Explain why the pupil does not see the lightning at the same time she hears the thunder.

b) Using the pupils observations calculate the speed of sound in air.

c) Why it is not necessary to calculate the time taken for the lightening to reach the girl

4) A 80 waves travels along a 0.5 km harbour in 40 s.  

a) What is the frequency of the wave?

b) What is the wave speed?

c) Calculate the wavelength of the wave.

5) Radio waves can travel through air and space at the same speed.

a) What speed do radio waves travel at?

b) If a radio wave is sent towards the moon, and it take 1.2 s before the echo is received, how far away is the moon?

6) If the speed of sound in air is 340 ms-1 how long after seeing lightening will the captain of a ship 1.36 km away hear the thunder?

7) a.
Explain what is meant by refraction. 

b. 
How does the wavelength of a wave affect a its ability to refract?

8) Draw the block diagram for a radio and a TV

9) Explain briefly how a colour T.V. works.
10) Explain how we see a moving picture on a TV screen?

11) Explain with the help of a diagram how total internal reflection helps send messages through fibre optics.

12)  Why do you need satellites to send messages around the world?

13)  Draw a diagram to show how curved dishes could be used to send and receive a signal.
14)  Why do you get a better picture with a curved dishes help boost a signal?

15)  Draw a diagram to show how curved dishes can work in pairs to send and receive messages.

Electricity
1. Is the human body a good conductor – explain your answer.
2. A bulb draws a current of 1 A. How much charge flows through it in 60 seconds?

3. 756 C of charge flows through an electric heater in 180 seconds. What is the current in the heater?

4. One day an electric iron was switched on from 1·45 p.m. until 3·15 p.m. What current was drawn by the iron if 2·484 x 104 C passed through it in this time?

5. Overhead cables have resistance of 25 k(. If the voltage across the cables is 4 000 V calculate the current through them.

6. Hairdryers work from the mains voltage and can have currents of up to 15 mA flowing through them. Calculate the resistance of the hairdryer.

7. An electric shower has a power rating of 12 W and draws a current of 0·11 A. What voltage is required to operate the shower?
8. The following information was found on the rating plate of a food processor:
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a) Name the wires found in the plug

b) Calculate the current flowing in the food processor.
9. What would be the power rating of an iron operating at mains voltage and having a resistance of 45 (?
10. Calculate the power rating of a Karaoke machine if it has a resistance of 5 760 ( and operates at mains voltage.                      [hint: do this in two steps]
11. A simple circuit with a bulb and resistor in series is shown opposite. The bulb is operating at its correct voltage and power rating. 
c) What is the voltage across the resistor R?
d) The current in the bulb is 3 A.                    What current flows in the resistor?
12. Calculate the total resistance of each of the following circuits:

13. Calculate the total resistance of each of the following circuits:

      a)





     b)

c)

14. A 4 kW immersion heater is left on for 2 hours to heat water for a bath.

e) How many kilowatt hours of energy does it use?
f) How many joules of energy does it use?
15. Draw a simple ring circuit with two appliances connected – label all the wires.

16. Look at the diagram of the plug.

g) What is X?

h) Copy and complete the table below:

	
	Name
	Colour

	A
	
	

	B
	
	

	C
	
	


17. An appliance is said to be double insulated:

i) Draw the double insulated symbol

j) Name the wires that would be found in the flex.

18. A simple motor consists of a coil of wire two magnets and a power supply.

k) How can the speed of the motor be increased?

l) How can the direction of rotation be reversed?

Transport
1. Convert 90km/h into m/s and 15m/s into km/h.

2. Describe an experiment to measure the average speed of a person jogging over a distance of 15m.This should include the apparatus required and the measurements taken.

3. How do average speed and instantaneous speed differ?

4. Describe an experiment to measure the instantaneous speed of a Formula One car when it passes the finishing line in a race. This should include the apparatus required and the measurements taken.

5. Calculate the average speed of a train traveling 300km in 4 hours?

6. What is meant by the term ‘Acceleration’?

7. State the equation for acceleration with all the units involved.

8. Calculate the acceleration of a car if it accelerates from 8m/s to 14m/s in 12 seconds.

9. From the speed-time graph below calculate:

m) Acceleration over the first 5s.

n) Total distance travelled over 8s.

o) Average speed over the 8s.

10. A lorry accelerates from rest with an acceleration of 0.25m/s² for 6 seconds. What will its speed be after 6 seconds?

11. A van travelling at a constant speed begins to accelerate at 1.25m/s2 for 8 seconds and reaches a speed of 18m/s. Calculate the original speed of the van.

12. a)
What instrument is used to measure Force?

b)
How does this instrument work?

13. Explain the difference between mass and weight

14. State two cases where forces of friction are useful.

15. State two cases where forces of friction need to be reduced

16. What is meant by ‘Thinking Distance’ and 'Braking Distance'?

17. State the equation for Thinking Distance.

18. Calculate your thinking distance when driving a car if it has a speed of 15m/s and a reaction time of 0.8 seconds.

19. Why do car manufacturers try to keep the Drag co-efficient as low as possible?

20. How do car manufacturers try to keep the Drag co-efficient as low as possible?

21. What is meant by the term 'Balanced Forces'?

22. Explain how the seat belts in a car work.

23. If a car is involved in a collision, what three changes affect the car with the forces being exerted on it during the collision?

24. State Newton's first law of motion.

25. State Newton's second law of motion.

26. A force of 9N is exerted on a 2.25kg mass. Find the acceleration.

27. A car pulls a caravan along a level road of distance 5km. Find the work done on the trailer by the car if it exerts a force of 800N.

28. State the equation for gravitational potential energy listing quantities and units involved.

29. Calculate the height that an 8kg object is held at if it has a gravitational potential energy of 1200J.

30. A weightlifter lifts a mass of 125kg through a vertical height of 1.6m in 3 seconds. Calculate

p) The work done by the weightlifter.

q) The power output of the weightlifter.

31. Calculate the kinetic energy of a rugby player if he has a mass of 95kg and a speed of 8m/s.

32. A rocket of mass 5kg has a kinetic energy of 5800J. Find the speed.

33. A 600g ball is dropped from rest at a height of 1.2m. If the ball rebounds to a height of 0.9m then calculate

r) The speed of the ball the instant before it hits the ground.

s) The speed of the ball the instant after it hits the ground.

t) The work done against friction on the ball when it hits the ground.
Electronics
34. State the names of the three parts of any electronic system
35. What does each of the three parts of the electronic system do?
36. State the names of the two types of electrical signal.
37. What type of signal has only two values ON (1) and OFF (0)

38. What type of signal is continuously varying from positive to negative?
39. What type of energy do all input devices convert their energies into?
40. What is the energy change in a microphone?
41. What is the energy change in a thermocouple?
42. What is the energy change in a solar cell?
43. What is the energy change in a thermistor?
44. What is the energy change in a LDR?
45. What happens to the resistance of an LDR when the light intensity reduces?
46. What happens to the resistance of a thermistor when the temperature increases?
47. Which of the following input devices is/are digital; microphone, thermocouple, solar cell, thermistor, LDR and a switch.
48. A 8V supply is connected in series with a 40Ω and a 24Ω resistor.
Calculate the voltage that is dropped across the 24Ω resistor.
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49. Which two components can be used to make a temperature sensor?
50. Which two components can be used to make a light sensor? 

51. A 6V supply is connected in series with a resistor and a switch.
a) What is the voltage across the switch when it is open?
b) What is the voltage across the switch when it is closed?
52. If a voltmeter is placed in parallel with the capacitor, how could you tell that the capacitor is fully charged?
53. What two factors would be adjusted to increase the time taken for the capacitor to fully charge up?
54. What type of energy do all output devices convert into other forms?
55. What is the energy change in a loudspeaker?
56. What is the energy change in a motor?
57. What is the energy change in a relay?
58. What is the energy change in a solenoid?
59. What is the energy change in a LED?
60. What is the energy change in a 7-segment display?
61. Copy the table below and place the follow devices under the correct headings; Loudspeaker, electric motor, relay, solenoid, LED and a 7 segment display. 
	Digital
	Analogue

	
	


62. What are binary numbers?

63. Write down the numbers: 0 – 12 in binary.
64. Chose a suitable input device for:

a) A fog detector

b) A baby monitor

c) Hot water system

65. What are solenoids used to do in circuits?
66. How do relay circuits operate?
67. Which allows more current to flow through it, a lamp or an LED?
68. Why do LED’s have resistors connected in series with them?
69. A 6V supply is connected in series to an LED, resistor and ammeter.
Calculate the value of the resistor if the voltage dropped across the LED is 1.8V and a current of 2.1mA is observed on the ammeter.
70. What can a transistor be used as in an electronic circuit?
71. What are the three terminals of a transistor called?
72. At what voltage will the transistor conduct?
73. What voltage in a voltage divider controls the transistor, the top or the bottom of the voltage divider?
74. Calculate the value of resistor R in each of the following circuits
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75. What would be the resistance across each of the resistors in the following circuit?
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76. The floodlights at a football stadium will automatically switch on when the light intensity falls below a certain level.
State the components used
a) in the top of the voltage divider
b) in the bottom of the voltage divider
77. An air conditioning fan will automatically switch on when the temperature goes above a certain level.
State the components used
78. What do the terms AND, OR and NOT refer to?
79. How many inputs does a NOT gate have?
80. Draw the truth table for an OR gate
81. Draw a logic diagram and a truth table for the following problem;
The oil warning light on a car has to come on when the ignition switch is on and the AND the oil pressure switch is NOT on. (Hint in capitals)

82. Draw a logic diagram and a truth table for the following problem;
A central heating system has to be switched on during the hours of daylight, if the temperature drops below a certain level.
83. What does an amplifier do to the amplitude and the frequency of a signal fed into it?
Electronics Design Problems

Use the following situations to help you improve your skills in electronics.

· In each situation you must choose an appropriate input, process and output device. 

· You can try to build your electronic circuit after having the block and circuit diagram checked by your teacher.

· You should also try to explain how the electronic system works.

1. Modern fire alarms may include a double system for fighting fires.    Design a system  which will detect heat present in a room or if the light sensor does not get enough light (by smoke blocking it). The system must then turn on a motor which will pump the water around the sprinkler system.
2. A freezer shop is worried about people leaving freezer doors open allowing the temperature inside the freezer to decrease. This could spoil the food. Design a system which allows an alarm of some kind to go off when the door is open and the temperature is too high inside the freezer.
3. Some modern camcorders do not record unless the following conditions are met: the lens cap is off and there is a cassette inside the camcorder. Design a system that allows the motor in the camcorder to switch on only when the conditions are met.
4. A pump in an automatic heating system is designed to be all the time except when it is too hot in the daytime. Design a system which will drive the motor constantly except when it’s a hot day.
Energy
1. State two differences between a clinical and a normal thermometer and give the reason for these differences

2. A group of 1000 identical wave-driven generators is set up on a suitable stretch of sea.  Each can produce 250 kW of electrical power.

(a) How much power is available to the Electricity Board when the waves are suitable?

(b) How much money would the Board make from this group of generators on a day when the waves were suitable for 10 hours? ?[1 kWh costs the user 6 pence]

3. The total output of a country’s Electricity Board is 10 GW.

(a) How much of this power could be had from wave energy if wave–driven generators can supply 5% of the Board’s requirements?

(b) What would be the overall cost of constructing these “wave power stations” if it costs £1000 for every kW produced ?

4. A typical aero generator (e.g. the one in the Orkney Islands) is designed to generate about 3 million watts (3 MW) of electricity.  How many generators would be required to give the same amount of electricity as:

(a) Pitlochry hydroelectric power station (15 MW)?

(b) Torness  nuclear power station (2GW)?

5. The wind generators mentioned in Question 4 might be located 500 m apart, i.e. each would need an area of 250 000 m2.  What total area would be required to create a wind farm to replace:

(a) Pitlochry hydroelectric power station?

(b) Torness nuclear power station ?

6. In the Arizona desert, solar energy reaches the Earth’s surface at a rate of about 2 kilowatts per square metre. 

(a) A roof of a supermarket car park in Arizona is completely covered by solar cells. The roof measures 30m x 50 m.  Calculate the maximum power output from the cells. 

(b)  How many 100 W light bulbs could this supply?

7. A turbine converts 65 000 J of heat energy into 13 000 J of kinetic energy. What is the efficiency of the turbine?

8. A generator converts 3 156 MJ of kinetic energy into 450 MJ of electrical energy. What is the efficiency of the generator?

9. A thermal power station converts 420 MJ of chemical energy into 124 MJ of electrical energy. What is the efficiency of this power station?

10. The output from an oil-fired power station is 250 MW and it is 32 % efficient. How much power must be provided by the oil to produce this output?

11. The Glenlee hydroelectric power station produces 24 000 kW of electricity. How much power is provided by water falling from the reservoir if the station is 25 % efficient?

12. The boiler of a thermal power station releases 2·8 x 108 J of heat energy for each kilogram of coal burned. The generator of the power station produces 1·26 x 108 J of electrical energy for each kilogram of coal burned. What is the efficiency of this power station?

13. Copy and complete the table.

	Quantity
	Symbol
	Unit
	Abbreviation

	Force
	
	
	

	
	I
	
	

	
	
	Volt
	

	
	
	
	s

	Energy
	
	
	

	
	
	
	W


14. Write down the formula that relates power, energy and time.
Write down the formula that relates energy, current, voltage &  time.
State the formula for gravitational potential energy?

15. What is the main energy transformation in each of the following:

(a) a stone falling

(b) coal burning

(c) a nuclear chain reaction

(d) a working dynamo generator

(e) a working solar cell

(f) a motor which pumps water to the top of a tower?

16. (a) 480 J of energy are supplied to a light bulb in 8 s, what is the power input?


(b) A dynamo has an output of 20 W.   How much energy does it generate in 5 s?


(c) How long would it take a 500 W heater to produce 10,000 J of heat ?

17. Which of the following has gained more gravitational potential energy:


a 25 kg crate raised by 6 m or a 2 kg box lifted to a height of 70 m

18. When designing a pump for a car windscreen washer, the designer must meet the following specifications.  The pump must run on 12 V and be able to lift 0.01 kg of water through 0.7 m each second.

(a) How much gravitational potential energy must the water gain each second?

(b) What therefore is the minimum amount of electrical energy required each second?

(c) Calculate the current in the pump.

(d) In practice, the current flowing is greater than that calculated in part (c).  Give two reasons for this.

19. The electrical power output of a nuclear power station is 1300 MW. The thermal (heating) power produced in the core will be twice this figure due to energy losses.

(a) How much heat energy is produced each second?

(b) 1 kg of nuclear fuel releases 1.2 x1012 J of heat energy.  How long will 1 kg of fuel last?

(c) State one disadvantage of (i) a coal fired power station, and (ii) a nuclear power station.


Note:  A coal power station might require 40 kg of coal to be burned  every second.

20. The pumped storage power station is used in a hydroelectric power station.

(a) Describe the energy changes taking place in this system when it is generating electricity.

(b) In the evening, energy is taken from the National Grid to drive the turbines in the other direction to pump water back from the loch up to the dam.  Explain.

13. The dam can store 10,000 million kilograms of water and is 400 metres vertically above the turbine.

(a) Calculate the gravitational potential energy, in MJ, of the water in the dam.

(b) (i) Calculate the least power that has to be supplied to a turbine pump to enable the transfer of 60,000 kg of water each minute from the loch to the dam?


(ii) Why is more power than this needed?

21. A large crate of mass 400 kg is lifted by a fork-lift truck through a vertical height of 2 m and placed on the back of a lorry.

(a) How much potential energy is gained by the crate during the lifting operation?

(b) The fork-lift takes in energy at the rate of 10 kW and the lifting operation takes 2 s. Calculate the total energy used by the fork-lift.

(c) Calculate the efficiency of the fork-lift.

22. A small hydroelectric power station allows water to fall through a vertical height of 15 m.  In the summer, the average rate of flow of water is 10,000 kg per second, whereas in winter, it is 120,000 kg per second. Assuming no energy losses in the system, calculate the maximum power output from the station in summer and in winter.

23. Explain why the efficiency of a machine can never be greater than 100 %.

24. Calculate the voltage induced in the secondary coil in each of the following transformers:


25. Calculate the number of turns in each of the secondary coils below:






27. Calculate the primary voltage in each of the following transformers:





28. Calculate the number of turns in the primary coil of each of the following transformers:


29. A transformer is designed with 20 turns of wire in the primary coil and 2 000 turns in the secondary coil. If the induced voltage in the secondary coil is 4 000 V calculate the primary voltage.

30. A step down transformer changes the voltage of a signal from 360 V down to 18 V. If the transformer had 200 turns in the primary coil calculate the number of turns in the secondary coil.

31. A transformer is used to step the voltage from 2·4 kV down to 0·6 kV. Calculate the current in the secondary coil if the primary coil carries a current of 20 A.

32. The current in the primary and secondary coils of a transformer are 0·2 A and 0·05 mA respectively. If the voltage induced in the secondary coil is 80 V calculate the size of the primary voltage.

33. Calculate the efficiency of a transformer given that the power of the primary coils is 48 W and the power of the secondary coils is 36 W.

34. How much heat energy is released when 56 kg liquid carbon dioxide changes into solid form without a change in temperature?

35. Calculate the specific latent heat of fusion of aluminium given that 10(27 MJ is required to change 26 kg of its from molten form into solid form.

36. How much heat energy is required to change 40 kg of solid carbon dioxide into liquid form with no change in temperature?

37. How much energy is needed to evaporate 600 g of water at 100oC?

38. During an experiment 0·02 kg of steam was converted to ice. The temperature was recorded at various times throughout the experiment and plotted on a graph. The graph of results is shown below.
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(a) Between which 2 letters on the graph is the steam changing to water?

(b) How much heat energy does the steam  lose at 100 0C to become water at 100 0C?

(c) How much heat energy does the water lose at 100 0C to become water at 0 0C?

How much heat energy does the water at 0oC lose to become ice at 0oC ?

Space
1. What does a galaxy consist of?

2. What does the universe consist of?

3. a) What is a star?

b) What is the nearest star to Earth?

c) What do stars emit?

4. a) What do all planets orbit?

b) How many planets are there in our solar system and what do they orbit?

c) Name in order the planets in our solar system relative to the star that they are

orbiting.

5. a) What is a satellite?

b) Name the natural satellite around the Earth.

6. a) What is meant by the term 'light year'?

b) It takes light 8 minutes to travel from the Sun to the Earth.

Calculate the distance from the Sun to the Earth in light years.

7. A refracting telescope has an objective lens and an eyepiece lens.

a) What type of lens is an objective lens and what purpose does it have?

b) What type of lens is a an eyepiece lens and what purpose does it have?

c) If an objective lens of large diameter is used, how will this effect the image

produced?

8. The position of an image can be found using ray tracing with a convex lens.

a) a) State how three rays can be drawn to find the position of an image in

relation to the object.

b) What type of image is produced by a magnifying glass using ray tracing?

c) An image is described as real, inverted and diminished. What does this mean?

9. a) Which object can split white light into different colours?

b) State the colours produced in order from high wavelength to low wavelength.

c) What name is given to this collection of colours?

d) Which colour bends most, red or violet?

10. a) What is a line spectrum?

b) What information can be found by looking at the line spectrum produced by

any source?

c) What does each line in line spectra refer to?

11. a) What do all waves in the electromagnetic spectrum have in common?

b) How do all these waves differ?

c) Name all the waves in the electromagnetic spectrum from high wavelength

to low wavelength.

d) Calculate the frequency of microwaves if they have a wavelength of 2.8cm.

12. a) Which instrument is used to detect radio waves above the Earth's

atmosphere?

b) Why is it most useful to position this instrument above the Earth's

atmosphere to obtain information on electromagnetic radiation?

c) Name a detector for each type of radiation in the em spectrum.

13. a) State Newton's first law of motion.

b) State Newton's second law of motion.

c) State Newton's third law of motion.

14. a) Name the action and reaction forces involved with rockets taking off.

b) If a rocket is fired in space what three types of motion are possible?

c) If the motor in the rocket is cut-off while in space, then will happen to its

motion?

15. a) What is meant by the term 'gravitational field strength'?

b) Where are gravitational fields found?

c) State the value and the unit of the gravitational field strength on Earth.

d) Will the Earth's gravitational field strength be greater on the Earths surface

or 50km above the Earth's surface?

16. Calculate the weight of a 75kg astronaut on the surface of Mars if Mars has a

gravitational field strength = 4N/kg.

17. a) What is meant by the term 'Weight'?

b) What is meant by the term 'Mass'?

c) Does the mass or the weight of an object change when moving to different

places in space?

18. A rocket of mass 5x106kg takes off from the Earth's surface with an upthrust force

of 7.5x107N.

a) Draw a force diagram showing the name and the direction of the forces

involved.

b) Calculate the unbalanced force acting on the rocket.

c) Calculate the initial acceleration of the rocket.

d) How does the initial acceleration of the rocket change and why does it do

this?

19. a) Where would an object be positioned in space to be truly weightless?

b) When would an object appear to be weightless within the Earth's

atmosphere?

c) Why do astronauts inside a spacecraft appear to be weightless?

20. a) Name the two independent motions involved in the curved path of a

projectile?

b) Which motion involves an object falling freely at 10m/s2?

c) Which motion involves an object moving with a constant speed, provided air

resistance is ignored?

21. a) Why must a satellite be launched at a very high speed to be able to orbit the

Earth?

b) What is the height of a geostationary satellite above the Earth's surface?

c) Why is it important that geostationary satellites operate within the Earths

atmosphere?

22. a) What must a spacecraft do to help it change course and fall back to the

Earths surface?

b) What happens to the spacecraft when re-entering the Earth's atmosphere?

c) What energy change takes place during the re-entry of the spacecraft into the

Earth's atmosphere?

23. A 5000kg spacecraft travelling at 1800m/s enters the Earth's atmosphere and

decelerates to 1200m/s.

a) Calculate the heat energy generated when entering the Earth's atmosphere.

b) What causes the heat energy to be generated?

24. A 500kg relief food parcel is dropped from an aircraft travelling horizontally with

a speed of 20m/s. If the parcel lands on the ground on the drought area 8 seconds

later, then calculate:

a) Horizontal velocity of the package when it hits the ground.

b) Horizontal distance travelled by the package.

c) Vertical speed of the package as it hits the ground.

d) Height of the plane as the package hits the ground.

e) Where is the plane positioned in the air when the parcel hits the ground?
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