1. a) Decreasing the resistance decreases the overall circuit resistance  /  which causes current to increase
b) i) 1.6 A

ii) R = V÷I  /  4÷1.6  /  2.5 (
c) line curves towards V axis  OR  same extra current needs more than same extra volts

2. a) Wind and solar energy is free  /  which means that they don’t have to pay for the equivalent electrical energy
b) 5000÷20000  /  0.25  OR 25%

c) Energy arrives by radiation from the sun  /  black is a good absorber of the radiation  /  copper conducts the heat into the water  /  the dark metal sheet also absorbs radiation but the insulation behind it prevents heat conducting away  /  this means the air in the chamber can gain energy when it touches the black surface  /  the glass cover prevents hot air from convecting away  /  instead convects to the pipes where it gives heat on contact (conduction)    ANY 4 FOR 4 MARKS
d)i) Particles on the hot side have higher KE  /  and this transfers by collision so that ‘heat’ is passed (aka coupling)

ii) Metals contain free electrons  /  which can transfer KE by collision too

e) i) At 15(C and 25(C resistance is 60( and 20( respectively  /  change = 40(
ii) The line is steeper  /  so that same resistance change is achieved by a smaller temperature change
3. a)i) X should be placed as far behind the mirror as the buckle is in front  /  the imaginary line between the buckle and its image is at 90( to the mirror surface

ii) one ray along line from image to eye  /  other ray hits mirror from object at same place as first ray

b) same spacing  /  same width  /  law of reflection obeyed

c) i) Diffraction pattern  /  same (
ii) increase frequency (or decrease ()  /  decrease width of diffraction  /  increase stone separation  /  decrease width of diffraction  

4. a) The Sun  /  the ground  /  radon gas from cement  /  him!  ANY 2 FOR 2 MARKS

b) anything involving distance and barriers  e.g. don’t eat source  /  keep in a lead lined cupboard  /  use a source handling tool  /  keep > 1.5 m away from source whenever possible  /  keep source in lead pot with lid when not in use
c) 120, 60, 30, 15, 0, 0

d)i)ii) you plot on graph

e)i) Beta will be completely absorbed by that thickness

ii) Gamma source

iii) Time it takes  /  for the activity to halve OR for the number of undecayed nuclei to halve

iv) 5 mg

v) The activity of source would change too quickly  /  requiring downtime for the system to be recalibrated more often.

5. a) For the wire to feel a force there needs to be a current moving across a magnetic field  /  closing the switch enables the current to flow along the wire  /  Flemings left hand rule OR catapult effect  /  suggests the field need to be at 90( to current for wire to be forced at 90( to both current and field
b) i) charges in the wire feel a (alternating) force

ii) there is a change in the flux linking with the coil of wire

c)i) identical trace (can be flipped in time axis if you like)  i.e. same frequency  /  same amplitude

ii) same frequency  /  double amplitude

iii) double frequency  /  double amplitude

d) iron contains domains which can align with and add to the field (increases lines of flux)
e) Energy is lost driving current through the lines  /  because of electricsal resistance  /  stepping up voltage steps down current  /  as energy is conserved (OR VI in = VI out)

6. a) Further to travel in its orbit  /  slower

b) show interpolation lines  /  5 years

c) i) to the left of the sun (closest point)

ii) least gPE ( most KE

d)i) Light shifted to longer wavelengths (or shorter frequencies)

ii) Blue shift

iii) proportional

iv) interpolation lines  /  1750 millions of light years

v) 1750 million years

vi) 1750÷0.1  /  17500 million years

vii) age of the universe

7. a) Friction between fuel and pipe  /  causes electrons to be transferred

b) i) could spark – fire!

ii) work done in moving unit charge between two points

iii) voltage drive charge to neutralise build up.

c) I = Q÷t  /  0.12÷(20x60)  /  0.0001 mA

8. a) area = distance  /  ½x3x15 + 3x90 + ½x3x15  /  315  /  m

b) 10000 x 10 x 150  /  15 000 000  /  J

c) Some force is needed to overcome friction in the system  /  which will only happen when sufficient difference between the two occurs
d) River water and its gPE is free  /  so using it requires less electricity or other forms of non-renewables to be used.

e) The force of the master piston over its area creates pressure  /  liquids transmit pressure to slave pistons  /  which apples a force to them  /  pressing the brake shoe against the inside of the brake drum (slowing the car due to the friction here)

