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1)
(a) () tOp Plate POSItIVE ... . it aea e . Bl
(1) E = F/ A oo e e e Cl
V=30x10"x12x10"
2 300 Ve e Al (3]
(D) F = Ma e et ean Cl
30x10*x1.6x107 = 9.0 x107'a oo, Cl
a=53x10ms e Al [3]
2)
(a) (i) arrow inupward direction, footnearP .............cccoiininiinanan. Bl
(ii) curved path consistent with (i) between plates ....................... Bl
then straight (with no kink at change-over) ............cccceevenvennnn. Bl [3]
(b) E = V/A oo ee e eee s e e e e e Cl
= 400/(0.8 x 107%)
=50x10°Vm™ ... (allow 1 sig fig) ....evvvveeennnnn. Al [2]
(€) (1) F = EQ eeeeeeeeeeeeeeeee et Cl -
=50x10*x1.6x107"
=80x10°N .......... (allow 1 sig figand e.c.f) ............ Al
() I B 074 SN Cl
= (8.0x 107" /(9.1 x 107"
=88.x10"ms? ... (allow 1 sig figand e.c.f) ............ Al [4]
(d) because F is normal to horizontal motion ........................... Ml
LU 12 S Al [2]
3)
(a) (i) arrow from B towards A.........oiiiieiiieeeeeeeeeeee e B1
(i) E =vAd
= 450/(9.0 X 102) 1ottt C1
=5.0x 10° N C" (accept 1 Sig. fig) ...cveeererreeeieeeeeeeeeeeeereeeens A1 (3]
(b) (i) energy = QVOrEQd ... s C1
=18 X 107 X450 A1
2 T2 X 10T e A0
(i)  Ek="m/
7.2x 107 = %X 91X 10 X V2 oo c1
V= 1,26 X 107 M S oot A1 [4]
(c) line from origin, curved in correct direction but not ‘level out' ....... B1 [1]
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4)
(a) (i) lines normal to plate and equal spacing (at least 4 lines) B1
direction from (+) to earthed plate B1 [2]
(ii) E=160/0.08 M1
=20x10°Vm™’ A0 [1]
(b) (i) correct directions with line of action of arrows
passing through charges B1 [1]
(ii) force =Eq C1
=20x10°x1.2x10"
=24x10"N A1 [2]
(iii) couple = force x perpendicular separation M1
=24 x10" x 2.5 x 10° x sin35°
=3.4(4) x 10" N'm A1 [2]
(iv) either rotates to align with the field
or oscillates (about a position) M1
with the positive charge nearer
to the earthed plate/clockwise A1 [2]
5)
(a) force must be upwards (on positive charge) M1
so plate Y is positive A1l [2]
(b) (i) E=V/d C1
= 630/(0.75 x 10%)
=84x10°NC™ A1 [2]
(i) qE=mg C1
g=(9.6 x10"°x9.8)/(8.4 x 10% C1
= 1.12x10"C A1 [3]
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6)
(a) force per unit positive charge (on a small test charge) B1 1]
(b) field strength = (210/{1.5 x 104} =) 1.4 x10*N C" A1 [1]
(c) (i) acceleration =Eq/m C1
=(1.4x10*x 1.6 x 10"%) /(9.1 x 10°") C1
=25x10"ms? (246 x10%) A1
towards positive plate / upwards (and normal to plate) B1 [4]
(i) tme=24x10%s A1 [1]

(d) either vertical displacement after acceleration for 2.4 x 109 s

=% x2.46 x 10" x (2.4 x 10)? C1
= 71x10°m A1
(0.71 cm < 0.75 cm and) so will pass between plates A1 [3]
i.e. valid conclusion based on a numerical value
or 0.75x10% = % x246x 10" x £ (C1)
tis time to travel ‘half-way across' plates = 2.47 x 10° s (A1)
(2.4 ns < 2.47 ns) so will pass between plates (A1)
i.e. valid conclusion based on a numerical value
7)
(a) (i) eitherforce=ex(V/d) or E=V/A C1
=16x10"x(250/7.6 x 107) C1
=53x10""N A1 (3]
(ii) either AEx =eV or AEx =Fd C1
=1.6 x 107"° x 250 =53x10"x76x10° M1
=40x107"J A0 [2]
(allow full credit for correct working via calculation of a and v)
(iii) either AEy = omV?
40x10"7=%x9.1x 107" x C1
v=9.4x10°ms™ A1 (2]
or v*=2as and a=F/m
V=2x53x10"x7.6x107)/(9.11 x 107" (C1)
v=94x10°ms"’ (A1)
(b) speed depends on (electric) potential difference M2

(If states AEx does not depend on uniformity of field, then
award 1 mark, treated as an M mark)
so speed always the same A1 [3]
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8)
LY I O T = T C1
=350/(2.5 % 10?)
R T [0 N o A1 [2]
(i) TOMCE = EQ  .eeeeeeeeeeie ettt e e n e C1
=14 %x10° % 1.6 X 107 oo M1
2224 %X 107 et A0 [2]
(B) (i) F=mMa ettt e e s C1
a=(2.24x10"%)/(9.1 x 107"
=246 x 10" ms? ..(allow 2.5 % 10°)  ..oeeeeeeeeeeeeeeeeenn A1 [2]
() I - | OO C1
25%x10%2=%x 246 x 10"° x £
E= 4.5 % 107S oottt renne A1 [2]

(c) either gravitational force is normal to electric force
or electric force horizontal, gravitational force vertical ................ B2 [2]
special case: force/acceleration due to electric field >> force/acceleration
due to gravitational field, allow 1 mark

9)
(a) charge is quantised / discrete quantities B1 [1]
(b) (i) parallel so that the electric field is uniform / constant B1
horizontal so that either oil drop will not drift sideways
or field is vertical
or electric force is equal to weight B1 [2]
(ii) gE = mg C1
gx850/(54x107) = 7.7x10"x 9.8 C1
g = 4.8 x 107"° C and is negative A1 [3]
(c) charge changes by 1.6 x 10°'° C between droplets / integral multiples M1
so charge on electronis 1.6 x 1 0"cC A0 [1]
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