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E- energy (per coulomb) transferred / supplied by source / in the

whole circuit (1)
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Moving pointer (or crocodile clip shown) (1)
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Straight line through origin

Gradient = R/I or pair of R and / values from graph (1)

Measure diameter to calculate area (1)

p=grad x area or substitution into p=RA/I (1)
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_pil

R=EZM
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Question Available
3@ [Electrical] energy [or work done] transferred to whole of circuit [or >
through cell] (1) per coulomb [or unit charge] (1) 21
® Sensible scale and axes labelled with units (1)
All points correct + % small square division (1) B3]
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(© | ()| E=148[V](0.01V) ecf from graph m
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d
@ =-E { 1.48 } (1) (ecfonEandr) I=022A (1)
R+r L6+083
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0=0.22 (ecf) x 1200 (ecf) =264[C] (1)
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p constant (1) 3]
Effect of change in / and 4 on R (1)
® | CSA=24x10""m* (1)
1=6x32x10"m (=0.192m) )
3
Correct substitution into R = % toshow R=56[Q] (1) Bl
(ii) 0.1% x 56 = 0.056Q m 2]
AI=19x10%[m] (ech) )
(i) Zig-zag pattem ensures long length of wire (1) 2]
Therefore maximise A/ (or maximise AR - or equivalent) or measure
strain in a small region (1)
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Ruler and wire shown and labelled (1)
Moving pointer or jockey or crocodile clip indicated (1)

Either: Correctly positioned ohmmeter with no power supply; or
correctly positioned voltmeter and ammeter with power supply (1)
[No labelling required for either method].

Diagonal line through origin

CSA from diameter of wire (1)

Gradient from graph = (R/l) or (p/A)

Or stated take a pair of R and / values from the graph (1)
p=gradient x CSA_or use of p=RA/I (1)

144
R=—=45[Q] (1

B Q] (1
Correct substitution into R = pl/4 (1)
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Correct substitution into / = nAve (1)
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(i)

‘Water bath or method of heating shown. Wire [coiled or uncoiled]
shown (1),

Voltmeter and ammeter and power supply correctly connected or
ohmmeter only shown (1)

Thermometer clearly identifiable. (1)

Subtract 1 mark for poorly drawn diagrams. Method of cooling water
10 0°C not credited here.

Method of cooling water to 0°C (1) [Can be credited from (i)]
Resistance values taken [or 1 and / values taken and R calculated](1)
at different temperatures [minimum 3 implied or implication that a
number of temperatures considered] (1)

Method to reduce experimental error/ ensure accuracy ¢.g. water
stirred! resistance of leads/heat slowly/remove heat to allow
temperature to settle (1) Accept repeat the experiment again or obtain
readings whilst cooling down or using a digital thermometer. Don’t
accept just repeat readings

Graph of R vs 6 drawn (1)

[-163°C] i the temperature at which a sudden decrease in resistance
oceurs and the metal [alloy] (1)
becomes a superconductor or resistance becomes zero (1)

Liquid nitrogen [Accept liquid helium, liquid oxygen, liquid
hydrogen]
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@

o mark for saling iull resstance decreases]
Curtentn circuit icreases (1) [accept explanation baed on potental
divider

Hence pd across 4500 increases (1)

Hence pd across 90012 decreases (1) this mark can't be awarded
unless it i correctly substantiated

Aliernative solutions:
Resistance of paallel combination decreases (1)

pd across paralel combination decreases (1)

pd across 9002 decreases (1)

‘OR current through the variable reistor increases (1)
curren through the 9002 decreases (1)

pd across the 90002 decreases (1)
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(i)

Before pd applie
« [Free] electrons move randomly (vibrate)/no overall
velocity/mean velocity zero/vector average velocity zero
(1) reference to thermal velocity needs to be explained
don't accept zero drift velocity only
«  [Free] electrons move very quickly/magnitude approx.
10°ms* (1)
After pd applied:
«  [Free] electrons accelerated by pd/dift velocity/overall
velocity due to pd (1)
« Drift velocity is smallimagnitude approx. 10°or
10*ms™ (1)

Colisions between [free] electrons and lattice atoms/atoms fions
of metal. Don' accept molecules

Use of 0 = I or area under graph: (0.05 x 5) (=0.25) (1)
x3600 Therefore 0=900[C] (1)

[Accept 0.25 Amp-Hours] for second mark

Deduct 1 mark for power of 10 slip

% x 1 0,05 x 3600
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Substitution into £ = Q1 (900 x 3.2) ecf on 900 (1)
E=2880[J] (1)
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Substitution into 7*Rr or % (must include R given as. %
or640) (1) ecf on 0.05 and 1 )
E=2880(J] (1)
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(b)

Suitable scales on both axes (0.1 intervals and start at origin)
and axes labelled (1)

Al points plotted correctly (no tolerance) and line through all
points and origin (+ % small square tolerance) (1)

Resistance of conductor = 1250 or’Tusedlny

CSA calculated correctly or shown as = or equivalent (1)
_125xmx@x10%)

- 145

(108 x 10° [ m] seen) (1)

Sub: p

Accurately straight to (0.60, 0.24) from origin

Mass = 7310 x 1.45 x 7 x (2 x 10* correct manipulation and
substitution (1) ecfon 4
M=133x10° [kg] (1)

1.33x107
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67610 x4=27x 102 (1)
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Flow of charge

v n [free] electrons per

R \
- unit volume
LS
“——F——  [orinwritten answer]
Diagram (1)
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[Accept without [ ] if diagram is clear]
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Marking details
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(b)

[0)

(ii)

(i)

(iv)

[0)

(ii)

(i)

‘Wire with rule positioned (1) and labelled moving pointer / jockey /
eroc clip (1)

Either correctly positioned ohm-meter with no power supply or
correctly position ammeter and voltmeter with power supply (1)

[Different] length(s] of wire (1)
Either measure I7and / or measure / read R (1)

Diameter of wire [not radius or csa by accept “thickness™] with
micrometer / vernier calliper

cross-sectional area fro 7 or m(d/2)’ (1)

graph of R against / [or mean value of R//] (1)

= gradient x [csa [or mean value of R// x csa] (1)

[NB R = V/I given here can be used to credit 2* mark of (ii)]
[NB Finding R for a measured length and [cs] area and then p
calculated —> 1 only]

increases as strain gauge gets longer (1)
R increases as the strain gauge gets thinner (1)

Rel(1)
Rec YA (1) -

for R:%m » #(1” increases & I decreases (1)

pdoesn’t change /constant (1) so resistance increases (1)]
[esa=]0.2 x 107 x 0.0012 x 107 [or equiv.] (1)

=49 x 107 Q m ((unit)) (1) [ecf from csa calculation]
[ecf on powers of 10 in both A and /]

Either or
__650
T650+R

Manipulation (1): R=17882 | ,_(6-16)1) _

m 246x10°

x6(1) l=£(=246x10”A)(1)

1788 Q (1)
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Question

Marking details

Marks

Available
5 @ E = total energy transferred [per unit charge passed] in the source (1)
V= energy [per unit charge passed] converted [accept ‘lost’] in the
internal resistance (1)
Correct use of “per unit charge” in definitions of both £ and V. (1) 3
() | ()| 0=022x3600[=792C] 1
4750
i) | E= ————— [=60V
(i Toaect) | ] 1
4500
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Wire in functioning circuit with both meters correctly connected (1)
Method of varying current / pd (1)

Resistance values / : 4.00,4.00, 4.33, 475, 6.00 [all correct]

Graph: Axes [scales, labels, units] (1), plots (1) line (1)
[axes—no s.£. penalty; line — produced to R axis — accept
extrapolation]

002 A [‘at start’, “to begin with’] no change / constant (1)
02 A—> 0.5 A [‘then’] increasing with current (1)

002 A [ecf. from graph]
Temperature wire not constant / increases [accept changes] [with
current]

Current / ammeter reading would [rapidly rise from 0 then] decrease
(1) and then stabilise (1)

2]
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(b)

(c)

(@)

(i)

(iii)

(@iv)

[0

(i)
(i)

(iii)

pl

Rearrangement of R = e [or implied by 2™ mark]. (1)

m?
seen (1)

Accept equivalent working in terms of showing homogeneity:
1% mark insertion of units in equation; 2* mark explicit conclusion

-
Convincing demonstration, ¢.¢ x(%] seen

[Ans = 1.327 x10™ m’]

1.7x10°x20
R=———————[=026 Q]
T3(or 133)x10° " !
0.26(ecf)

T lor comectuse of parallel formula] (1) =0.019 @ (1)

If resistivity formula used, 1% mark for 4 x 14.
Use of P=I°R [or equiv, e.g. P=1Vand V'=IR] (1)

:
9026\ \B g not3jor | LR | (1)
9%0.19 PR

Answer in range 13- 14.5: 1 (1)

L. Less power loss in whole / larger cable [for a given current] / or
smaller resistance [accept: if 1 strand breaks there will still be
continuity.]

1L More flexible [or less prone to snap with repeat bending] /if 1
strand breaks there will still be continuity [accept only once]

752-7.7%10%m™

Substitution in or re-arrangement of / = nAve to give v:

v:imzo=77x 10%(ecf) x 1.3 x 107 x 1.6 x 107%(1)
nde

[NB No ecfon n if 2.0 x 10** used]

v=19x10"ms™ (1)

1, nand e do not change (1)

Aincreased by x 14.(1)

v reduced by same ration — 1.36 [1.4] x 10”m s™ (1)

n7n
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(b)
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(ii)

[0
(ii)

Diagram to include
«  Correct electric circuit with ohmmeter or power supply with
ammeter + voltmeter with correct symbols and positioning
)
Method of heating shown (1)
Method of recording temperature shown (1)
Linear [or approximately linear] graph with positive gradient (1) and
positive intercept on R axis (1).

Conducting / delocalised / free electrons (1) collide (1) with metal
lattice / atoms / ions (1) [not with other free electrons]

‘The greater the temperature the greater the vibrational energy of the
lattice / metal fons (1) producing a greater chance [or rate] of
collisions/ collisions more often / greater frequency of collisions (1)
[not harder] .
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