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Question

Marking details

Marks

Available
3 (@ The electrical (potential) enerey transferred [or work done] per

coulomb / unit charge passing through the cell [Underlined (1); italic

()} 2
(b) Voltmeter shown in parallel with cell [outside the dotted line — accept

inside the line if outside the cell/i.r combination] 1

[Accept equivalent, e.g. connected in parallel with resistor]
© All points correctly plotted (2) [~1 per mistake, min 0]

Line correctly drawn [with extrapolation just to V" axis] (1) 3
@ | )|emf=]16V 1

(ii) | gradient attempted [or by impl.](1); =033 Q/03 Q/':Q (1) 2
(10}
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Question

Marking details

Marks
Available

8 @

®)

U]

(i)

(i)

TA conductor is] a material through which charge / electrons [accept
fons / holes] can flow / move or which contains free / delocalised
electrons

Volume =2.0 x 10 x 2.0 (1) [or by impl]
mass = 8920 x 4.0 x 10 (1) [=0.0357 kg] ((unit))

0.0357(e.c.£)

oo (D LS () =511 x 107 electrons]
x

5.1x10%(ecf)
40x10*(ecf)

() [=1.28x 10®m™]

v= L [manipulation at any stage] (1)
nde

12

28x10” x2.0x10° x1.6x107°
v=29x10"ms" (1)
[NB use of 5.1x 10% forn — 7.3(5) ms™ |

(subst) (1) [e.c.f onn]

91
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Marks

Question Marking details Available
3 @ A material which has zero [electrical] resistance [or equiv_] 1
(b) Resistance

Axes (1)
Line (not nec straight above Te)(1)
Temperature at which resistance [of
material] drops [suddenly] to zero [or
label on graph] (1) 3

© No [accept little] heat [accept energy] lost / generated (1)
[Accept — large current can be produced from zero /small pd]

Any application, ¢.g. nuclear fusion / tokamaks, particle accelerators /
LHC, MRI scanners / large motors or generators (1) 2

16]
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Question

Marking details

Marks
Available

®)

(c)

(d

(e)

1 or (v) [accept v if stated dist travelledin 1 5]

- >
¢
[NB free electrons not required to be labelled]

Nutmber of free electrons = nAvt [or 747] (1)

Total change = n4vre [or nale] (1)

7= it cancelting shown [or 2 where L =y shown] (1)
t t t

-1

20=1.0x10% x1.7x10°vx1.6 107 (1) [substitution]
v=74x10"ms" ((unit))(1)

collisions [accept obstructions](1)

between free electrons and copper atoms / jons / lattice (1) [accept.
delocalised / moving / conducting electrons]

Rzli;[mP:ﬂR] (1);R=

-
:W(l) [manipulationie o=
figures ]

P=17x10"Qm (1)

smaller (1)
the same (1)
the same (1)

ns]
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(@)

®)

(c)

)
®
)

;
m(ﬂadmgﬁ'om graph, accept 14 x 107)

R=107 Q [answers in range 107 — 114 Q]

[Very] high [accept infinite]

¥ not proportion to I/ not a straight line [through the origin]
[“Not through origin” insufficient on its own]

Bulb / thermistor [Not wire or superconductor, but accept
superconducting device, e.g. superconducting electromagnet coil]

=6930 (1)

Alt1:104=

Rl o7 2 lorequiv] (1)

‘manipulation e.g. 10.4R + 112.8= 12(1); R =696 Q (1)
v 12
Alt2: Rr= —or ————(1)=800 Q (1); R 800 107 = 693 Q (1
1= Tor et () : )

8]
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®)

(c)

®
)

@
)

®

)

(i)

()

[Rate of] flow of charge / I= g Q with O defined
cs™
&R,
g ofyimel @)

R=300(1); Rrou =40 Q (1) [0 e.c.£]

[Currentx=] 0.15 Aecf
[Accept equiv., e.g. %4, but not 0.2A without working]

71=015x 10 [= 1.5 V] (1) [e.c.£]
~1.5[=4.5V] [or30 x 0.15=4.5 V] (1) [e.c.£]

45
o F008 Al

=0.15-0.038ecf [=0.11A] [or % [=0.11 A]](l)

0.15
[Accept solutions based upon ratios, eg. y=—= ]

2]
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Marks

Question Marking details Available
@ | ()| Electron 1
(if) | Negative charges repelled [by rod] (1) and move from A to B/ to the
right (1) leaving A with a net positive charge (1) 3
(ifi) | Diagram with A shown as positive and B as negative (1) and the
charges shown on the sides of the sphere which are nearly
touching (1) 2
(®) | ()] [1.6x 1077 x 300 x 10°=] 4.8 x 10 C UNIT mark 1
(i) 4.8x10%
=225 (1)=24x 10° [A] (1) allow e.c.f from (b)(i
2om10= ™ [A1(1) (b)(i) )
Question 5 Total 191
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Marks

Question Marking details Avalable
2 (a) ‘A material with zero/negligible resistance 1
(b) (1) | Transition temperature (accept critical temperature) 1
(i)
R) _—
[—— F——
et~ | nearly vertical drop.
| \ s
—1 1 > 2
m
If axes labelled, must be correct.
(iii) | 0/ negligible / almost zero 1
© Collisions between free/delocalised/flowing/conducting electrons and
ions/atoms in lattice/atoms/particles (1)
increase vibrations of ions /atoms / particles or electrons transfer KE to
fons (1) 2
Question 2 Total Ul
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)

(©

(@)

(i)

n- number of free/conducting electrons (charge carriers) per unit
volume (1) accept free electron density
v- drift velocity (1)

LHS: Cs' (1)
RHS: m*xm’xms’xC (1)
Clear manipulation to show/state LHS = RHS (1)

v=—L (1) (or correct substitution)
nde
¥v=130x10*ms" (1) (-1 for slips in powers of 10)
5.0

oxio= 8% 10°[s] (1) eef for incorrect value of ¥
30x

Reduced CSA (or diameter) and e constant...... (1)
_Increased v..... (1)
Hence reduced 1 (1)

Question 2 total

121
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]
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Marks

Question Marking details Available
@ () JsT
(ii) VA 3]
(i) | As
®) | () |r=2x36000r7200s (1) 121

0=0.15x7200=1080[C] (1)

Gi) | 6480 )
Togo~ 0] (ecfon©)

(iii) | 5832 0]
Tog0 =34V (ecfon 0)

(i) | 6-5.4=06[V](1)(ecf from (b)(ii) & (iii)
%7 [Q] (1) (ecfon 0.6 [V])
or
Correct substitution into P=E - Ir (i.e. 5.4 =6.0 - 0.157) (1)
r=4[Q] (1) (eef from (B)(ii) & (iii)) 2]
Alternative Solution:
(6480-5832) _ N
g 00975 (Lost energy in cell per second) (1)
Pr=009and r=4[Q] (1)
Question 3 Total 191
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Question

Marking details

Marks
Available

®

€]

(1)

(1)

Giy|
(any
(1r)

[Free] electrons forced to move by applied pd (Need a reference to
drift velocity or electron flow but does not need to be explicitly
stated) (1)

‘They collide with atoms/nucleifions/latice of the wire (1) don't
accept particles or molecules

0.0117x2x10%

04
=59x10* [Qm] (1)

(1) [ecfon R]

1 ox 1) [accept v if stated dist travelled in 1 5]

i DY)

[NB fiee electrons not required to be labelled]

er of free electrons = nAvt [or nl] (1)
Total change = nvre [or nile] (1)

2AVIE it cancelling shown for 247

where

wshown] (1)

7
Volume defined either from diagram [e.g. A and / labelled as shown]

or in body of derivation [e.g. vol
the first mark

7] and n identified correctly— for

16264 10%x 2 x 10%x v x 1.6 x 10° (1 substitation)
V=78 x10° [ms'] (1)

less than 1.6 A identified/circled (1)
the same as identified/circled (1)
half identified/circled (1)

Question 3 Total

1s|
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(@

®)

U]

(ii)

U]

(i)

Electrons transferred from [polythene] rod to [metal cap] [or equiv]
[Not just —ve charge]

“ve (1) because electrons [accept: negative charges] transferred from
duster to rod (1)

"
Number of charged particles = %:Ml(}“(n
[Division by e v, answer v]
64x
or earranged or 20 10* GX107 1) o by impl ]

1=32ms (1)

171





image2.png
(@

®)

“per unit charge” [or “per coulomb’] used correctly at Ieast once. (1)
V= energy delivered [per unit charge] to [external] circuit (1)
E = energy supplied [per unit charge] from chemical energy of cell

()
Ir=energy wasted / lost / dissipated [per coulomb] in the internal
resistance (1)
(i) = T ; i T iwith
or lappropriate
400 400 labelling]

[or equivalent]
(ii) | Rrow = 4.8 Q [or by impl] (1)
1=125A(1) [Accept 1.3 Al noc.c.f

(iii) | P.d. across 4 Q resistor =5.0 V [e.c.f 4.0 x (B)(i) ans]

5.7V and R = 5.0Q (with) or 4.5V and R =4.6Q (without cell)(1)
With run-down cell: 14A(1)

Without run-down cell: 1=0.98 A (1)

Conclusion: better not to remove (e.c.£): strategy + conclusion (1)

[ted}
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@
)

©

@

Resistance of wire =40 Q

‘Temperature remains constant [or temperature change is (too) small
(1o affect resistance noticeably)] (1)

Constant gradient — constant resistance [both parts needed] (1)
[Accept: Voltage « current and Ohm’s Law obeyed]

[Accept other well argued answer, e.g. wire could be constantan,
which has negligible temperature variation of resistance, so graph
doesn’t tell us much ]

p= RIA [or by impl.](1) [i.¢ rearrangement of R = "7’]

40e.c.8x7(10x107)
T R
p=5.0x107 Qm(1) ((unit))

[Correct expression for area —>(1)]

Graph: Straight line graph through origin with lower gradient than
original (1). With correct gradient [i.c. /s original] (1)
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(@

o)

©

(i)

Collisions between clectrons and lattice [or atoms of the conductor or
[metal] ions] (1)

Kinetic energy of electrons transferred to lattice (1)

No collisions (and --.no energy transfer) in superconductors) (1)
[accept: interactions instead of collisions]

-190°C

A—>B [accept ~250 - ~190, or “temperatures below —190]
[full region required]

liquid nitrogen [accept: liquid helium]

161
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)

©

[0
(i)

U]

(i)

Same p.d. in both branches (1)
2 x resistance in upper branch (or converse) (1) | Correct qualitative
% current in upper branch (or converse) (1) | answer — 1 mark
Currents add up t0 0.12 A (1)

48V
96V

Correct use of R:%(I) [or by implication] = 120 Q (1)

48, 98 s hodyor 284 not 28
0.04 7008 04 12
1 1 1

= Lo equiv. and use of correct values of R, and Ry for
3

by impl.1(1)

R=80Q(1)

96
or R==2 (=80 Q1)

[ee.

(10}
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Marks

Question Marking details Avallable
3 (@ | ()]24V 1
v R R :
(ii) = of Vo = V. selected [or by impl.]
View  Rioe 7 R+R™
- 225 ;
Substitution, e.g. 3.6= 6.0 (1) [or by impl.
ubstitution, e.g D5k (1) [or by impl ]
Manipulation (1); R =150 Q (1) 4
Or — from 1¥ principles:
36 24
22(1)=0016 A(1); ———(1)=150Q(l
225() ()’0016() U}
for 2% _3750 then 375 - 225= 150 Q]
0.016
® | (i) | R changed to 1500 Q 1
i) | Initial current = —S2— (1)=0.016 A (1)
¢ 375ect
Final current =0.0016 A (1)
[or accept answer based upon a good qualitative argument]
N.B. Calculation of final current — only 2 unless current previously
calculated] 3
191





