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(a) force = qqqo/ 4nepX? C1
= (6.4 x 107°)%/ (4n x 8.85 x 1072 x {12 x 107°?) C
= 256 x 107" N A1 [3]
(b) potential at P is same as potential at Q B1
work done = gAV M1
AV =0 so zero work done A0 [2]
(c) at midpoint, potential is 2 x (6.4 x 107"%) / (4ngy x 6 x 107°) C
at P, potential is (6.4 x 107"°) / (4neo x 3 x 107°) + (6.4 x 107"%) / (4ngp x 9 x 10°)  C1
change in potential = (6.4 x 107'%) / (4ngy x 9 x 107°)
energy = 1.6 x 107" x (6.4 x 107"%) / (4nep x 9 x 107°) C
= 1.0x10%2J Al [4]
2 (a) work done per/on unit positive Charge .........cccceeiiiiiiiiiiee e M1
moving charge from infinity to the point ... A1 [2]
(b) (i) o-particle and gold nucleus repel each other ..o B1
all kinetic energy of a-particle converted into electric potential energy .............. B1 [2]
(ii)  potential energy = (79 x 2 x {1.6 x 10"°)%) / (4n x 8.85x 10" x d) ..oevev.c... c1
kineticenergy = 4.8x1.6x10™ = 768 x10™J ..o, C1
equating to give d = 4.7 x 10 M oo A1l [3]
(i) F = Qq/4ngd x1/d =7.68x10"x1/(4.7x10™) oo, C1
S B N et A1 [2]
[Total: 9]
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(@ work done moving unit positive charge
from infinity to the point

(b) (i) x = 18cm

(II) Va+Vg =0
(3.6 x 107°) / (4nen x 18 x 1072) + q / (4ng x 12 x 1072) = 0
q=-24x10°C
(use of V4 = Vg giving 2.4 x 10~° C scores one mark)

(c) field strength = (-) gradient of graph
force = charge x gradient / field strength or force oc gradient
force largest at x = 27 cm

(a charge is quantised / discrete quantities

(b) (i) parallel so that the electric field is uniform / constant
horizontal so that either oil drop will not drift sideways
or field is vertical
or electric force is equal to weight

(ii) gE = mg
qx850/(54x107) = 7.7x10"°x9.8
g = 4.8 x 107" C and is negative

(c) charge changes by 1.6 x 107"° C between droplets / integral multiples
so charge on electronis 1.6 x 1079 C
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(@ (i) either lines directed away from sphere

or lines go from positive to negative
or line shows direction of force on positive charge ................................ M1
S0 positively charged ... A1

(ii) either alllines (appear to) radiate from centre

or all lines are normal to surface of Sphere .........ccccvvvveevevvieiiiieiiieeeeeeeeeeeeee, B1

(o) B =T oL [T gL (o U] Y= RPN B1

in correct position and dIFECHON ............uuiui e B1

(c) (i) V = (0.76 x107°)/ (4n x 8.85 x 107 x 0.024) .....cooveeeeeeiieeeeeeeeeeeeeeeeeeeen C1

<1 Y PSPPSR A1

(ii) negative charge is induced on (inside of) DOX ..........covviiiiiiiiiiiie e M1
formula applies to isolated (point) charge

OR less work done moving test charge from infinity ................................... A1

SO potential IS IOWET .....cooiiiee A1

(d) either gravitational field is always attractive
or field lines must be directed towards both box and sphere ..............cccccvvniies B1
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