1. a) Circumference (=2πr) = 452 m  /  speed = dist÷time = 452÷1800  /  0.251 m/s
b)i) 100 000 N

ii) 144 m

iii) mgh  /  14 400 000  /  J  (OR 14 400 kJ  OR  14.4 MJ)

iv) 100 000 x 72  /  7 200 000 Nm

c)i) 30 x 10 x 144  =  43 200 J
ii) 43 200 J

iii) KE = ½mv2  /  v = root (2KE÷m)

iv) a = (v-u)÷t  /  540  /  m/s2 

2. a) show Total internal reflection off each prism along-down-along

b) Tank is hot and radiates this heat  /  as Infra Red (I-R)

c) higher frequencies possible  /  less corrosion

3. a)i) Foam is a good thermal insulator

ii) stops heat escaping to the surroundings

b)i) Shiny surface  /  reflects heat back into the copper pipe

ii) Inlet pipe is at a higher temperature  /  energy moves at a greater rate if there is a bigger temperature difference

c) 4500÷7500  /  0.60  (or 60%)

d) metals are better conductors than plastic  /  because of the free electrons
e) cost  /  wasted energy heats environment  /  pollution in producing original energy  ANY 2 FOR 2 MARKS

4. a) Gamma can penetrate the can  /  and the air and can
b) Despite expecting some random fluctuation  /  cans C and E appear not to have a similar enough count to the others to be evenly mixed.

c)i) very small activity by the time it is sold  OR  don’t need a huge amount of isotope if it all decays in a short time  

ii) Longer half-life means that activity will not change much between measuring each can

d) Interpolation lines (would be even better if you did several and averaged)  /  30 minutes

e) After 20 mins activity has dropped to 5600 counts per second  /  one litre sample will emit 14 counts per second

5. a)i) longitudinal – oscillate parallel to length of spring  /  transverse – oscillate perpendicular to  /  the length of the spring

ii) M and N oscillate  /  perpendicular to spring 

b)i) Move hand in the same direction as M and N

ii) ( = v÷f  /  1.2÷2  /  0.6 m

iii) Halve the frequency

6. a)i) V = IR  /  4  /  Volts OR V

ii) As temp increases thermistor resistance decreases  /  p.d. across thermistor decreases  /  p.d. across R increases

iii) Above 60(C the resistance of the thermistor does not decrease much more  /  so p.d. across R will not change much either

b) Started measuring temperature during the day  /  three nights are measured  /  maximum temperature reached is 38(C  /  minimum temperature observed is 20(C  /  temperature fell more slowly on the third night  /  temperature rose more slowly on the third morning  /  temperature did not fluctuate much during the day  ANY 4 FOR 4 MARKS
7. a)i) When rubbing the plastic rod electrons are transferred to the cloth from the rod  /  the positive charge from the rod attracts electrons in the foil pieces  /  the distance between rod and electrons is less than between rod and positive charges so overall attraction

ii) Electrons transfer to the plastic rod  /  leaving the foil net positive  /  which repels from the like charged rod
b) t = Q÷I  /  2÷6000  /  0.33  /  ms (OR  0.00033 s)

8. a)i) Light shifted to longer wavelengths

ii) amount of red shift ( speed  /  so galaxies moving very fast  /  away from us ANY 2 FOR 2 MARKS

iii) Go back in time to see all galaxies existing at one point

iv) less red shift

b)i) High frequency (or short ()  /  electromagnetic waves

ii) Gravitational force

iii) large force holding these stars in orbit

iv) As the galaxy is spinning  /  one side is moving towards us (or less quickly away from us) whereas the other side is moving away from us (or more quickly away from us)

9. a)i) current produces a field in the soft iron core  /  attracting the steel rule (by aligning domains)
ii) greater current  /  greater alignment of domains OR stronger field (so more attraction)

b)i) points plotted
ii) straight from origin then curved line

iii) Interpolation lines  /  56 g

c) Use more turns on the soft iron core  /  use more steel in the rule  /  shift pivot towards scale pan  /  add mass to coil side of steel rule  ANY 2 FOR 2 MARKS

d)i) Bar magnet moving changes the amount of flux in core  /  rate of change of flux linkage causes emf to drive current
ii) Change in flux linkage alternates  /  reversing induced emf every half oscillation

iii) Large mass will not easily move when the ground shakes

iv) larger movement of left hand arm of steel rule than the ground
