Question Answer Marks Guidance
1 @ | (»i) (weight = BIL)
6.8x10° =0.070x1x0.01  (Any subject) C1
| =0.097 (A) A1
(i) The force on the cables will keep changing direction B1
(b) | (i) BQv=mv2/r M1 | Allow e, q instead of Q
r= mv A1 Note: r must be the subject of this equation
BQ
(i) | (p=mv=BQr; KE = % p’/m)
KE o r? C1 Allow full credit for correct alternative approaches
2
ratio = —
1.2
ratio = 16 A1 Allow 16: 1
Total 7
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2 |(a) | (i) | A (constant)force acts at right angles to the velocity / mo- B1 Note: The answer must be in terms of force and not acceler-
tion (of the helium nucleus). ation.

Allow “force is towards the centre of the circle’.

Not ‘there is a centripetal force’ - unless explained.

Not force is right angles to speed’.

(@) | (ii) | No work done (by the force) / no acceleration in the di- B1 Allow force / acceleration is at right angles to velocity / mo-
rection of motion / no force in direction of motion tion.
(b) 2
BQv = mv or mv = BQr C1
r
_ 3 -19
momentum = 0.20 x 107 x 3.2 x 1077 x 0.15 C1 | Allowv=145.x10°(ms"); p=1.45.x10°x 6.6 x 107
momentum = 9.6 x 102* (kg m s™) A1
(c) v=96x10%/6.6 x10% or v=1.45..x10°(ms") C1 | Possible ecf from (b)
KE =% x 6.6 x 10?7 x (1.45... x 10%)?
KE =7.0 x 10" (J) A1 | Allow 1 sf answer
Alternative:

(9.6x107%)?

2x6.6x107%
KE = 7.0 x 10% (J) A1

(E = p%2m); KE =

(d) The helium nucleus moves to the right. B1 Not if the path is shown as a straight line.

The path is a clockwise curve / looped (in the plane of the B1 Allow 2 marks for clockwise curve / loop to the right.
paper). Allow 1 mark for a sketch showing an ‘upward curve to the
right’
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3 |(a)

The induced e.m.f. is (directly) proportional / equal to the
rate of change of (magnetic) flux linkage.

B1

Allow E = % with all terms defined; E = induced e.m.f.,

@ = (magnetic) flux linkage and t = time.

(b)

North / N (pole). There is a repulsive force (between

Allow - A south (pole) would cause attraction (between the

magnet and coil and the work done against this repulsive B1 coil and magnet) or there is gain in KE (of magnet which can-
force is transferred to electrical energy in the coil). not happen hence it must be north pole).
(¢) | (i) | There is no change in (magnetic) flux (linkage) or there B1 Allow ‘no change in (magnetic) field strength’.
is no change in the (magnetic) flux density.
(ii) | E=0between0to3cm,5-8cmand 10 -12 cm. B1 Tolerance: + Y4 large square
Two ‘pulses’ where B is changing. M1 Note: The pulses must have E =0 at 3 cm, 5cm, 8 cm and
10 cm; tolerance * 4 large square.
The pulses have opposite signs. A1
Total 6
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4 | (a) Arrow to the left B1
(b) | (i) | 1500 (eV) Bl Note: 2.4 x 10™*° (J) on the answer line scores zero
(i) | (KE =) 1500 x 1.6 x 10 (= 2.4 x 10 J) C1l | Possible ecf from (b)(i)
2.4x107° =1x9.11x10 xv?>  (Allow any subject) Cl
. 14 _
v=23x10 (msY) Al | Allow: 2 markzs fi;; x 10™" (answer not square-rooted)
Note: V=, /X—gl =5.74x10" (m s™) does not score
9.11x10"
) |() |[Fe=Eqa and Fw=Bqv
Eq=Bqv (This mark is for equating the two equations) M1 | Allow an equivalent approach
Al Allow any subject
(Hence) v = E y sub)
B
(ii) | Force due to magnetic field > force due to electric field Bl Allow: magnetic force > electric force or Fy > Fg
or Bqv > Eq or magnetic force is bigger and electric force is
the same
Electrons drift ‘downwards’ Bl Note: This mark can be scored on Fig. 3.2
Total 9
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5 | (a) magnetic flux = magnetic flux density x area normal to the Bl | Allow: ¢ = BA, with terms defined; B = magnetic flux density
field or magnetic field strength and A = area normal to the field
Note: If angle is used in the definition then it must be defined
correctly
b [ -8 C1
(b) | () _17x10 x]:43(2 (Any subject)
nx(4.6x10™)
R =3.3(2) () c1
current = 24 Allow: Possible ecf if value for R is incorrect after attempted
3.32 ) oL
current = 7.2 (A) Al use of the equation R = ?
T
(ii) | e.m.f. = rate of change of magnetic flux linkage
(initial ¢ =) 0.090 x 1.3 x 10° or 1.17 x 10™ C1l | Allow: (initial N¢ =) 0.090 x 1.3 x 10° x 1100 or 0.129
-3
150 = 1100x0.09?x1.3x10 (Any subject) c1
time = 8.6 x 10™ (s) Al | Allow: 2 marks for 7.8 x 107 (s) if 1100 turns omitted
Total 7
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6 | (@) | () | Correct direction of force at A (and marked F) Bl
(ii) | The force is perpendicular to velocity / motion (hence no
work done on the electron) Bl
or
No (component of) acceleration / force in direction of
velocity / motion (hence no work done on electron)
or
No distance moved in the direction of the force
(b) mv?
F=
r
-31 772
force = 9.11x10 x(6.0x10") Cc1
0.24
force = 1.4 x 10 (N) Al | Note: Answer to 3sfis 1.37 x 10 (N)
Allow: 1 mark for 1.4 x 10"; n # -14 (POT error)
(c) F =BQv .
1.37x10" = Bx1.60x107° x 6.0 x 10’ Cl | Possible ectfrom (b)
_ 3 Al | Note: Answer to 3 sfis 1.43 x 10 (T) for 1.37 x 10™* (N)
B=14x107(T) Note: Using 1.4 x 10" (N) gives 1.46 x10° (T)
Note: Using B =mv/Qr gives 1.42 x 10 (T)
d
@ Using (E =)mc? and (E :)% (QWC) B1
2xm02:2x% or mc’=
T . 6.63x107* x3.0x10°
Correct substitution (any subject) Cl | Eg: 2x9.11x107* x(3.0x10%)%* = 2x X /1X a
A=2.4x10"* (m) Al _ b
Answer to 3 sfis 2.43 x 107 (m)
Allow: 1 mark for 1.21 x 10™? (m) or 4.86 x 10™*? (m) for the
C1A1 marks
Total 9
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