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Q1.
guesﬁm.l Acceptable Answer Additional Guidance Mark
umber
- T MP3 accept £=18.15Q
* Useofd=m withs @ MP3. Allow calculation of p using given
_ oL (1) | values and subtraction of total %
* Useof R="— uncertainty.
+ With at least one of the Example of calculation:
following values @ | A=7r'=m> (0.13x107m[ =5.31x10"%m?
R=181Q L=130m @ ot 18100S 31e 10
. p=fa IO _ 53, 1070m
A=mx(0.13%x107m| L 130m
s p=(73—=74)x107 Qm 4
Q2.
AT Acceptable answers Additional guidance Mark
Number : P ' ) st .
(i) Example of calculation
Use of R=pl4 (1) R 1.60mx=06x10"m
Using 4=0.5%28 (<105 m?) (1) 0.5x107 mx 28107 m
R=6860
Use of P=IR (1) | 157 =Ix%68.6Q
=22 (mA) (1) I=13V/68.60
I=0022A =22mA 4
e Acceptable answers Additional guidance Mark
Number ) P : st
ii 1) | Use of show that val 1
@) Use of F=BIL ecf values from (1) W 4_;’3; 10}? ; L v gves
Force = 5.3 x 105N () | 2
Example of calculation
F=040T%0022A%06x10"m
F=53x10"°N
Q3.
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Question | Answer Mark
Number
(a) Use of R = pl/A (1)
R=178 (1) 2

Example of caleulation y
R=49x10"Qmx1.0m/2.9x10% m?

R=17Q
(b) Area decreases (1)
Resistance inversely proportional to area
Or quote R = pl/4 (1)
So this change (also) increases resistance (1) 3
(Accept for 2 mark. I = ndqv, I decreases if 4 decreases. R = V/I)
(Final mark dependent on presenting a logical explanation linking area
change and resistance — not just stating increased resistance.)
Total for question 5

Q4.

Question | Answer Mark
Number

(a) The (maxinum) length 1s (directly) proportional to the area (1) 1

(b)(i) | Useofpl/d =R (1)
R=134(Q) 1

(]

Example of calculation

R=168x10"Qm=80m=10x10"°m’

R=1340Q

(h)(ii) Useof P=FR (1)
P =160 W allow ecf from (1) (1)

(3]

Example of calculation

P=(11AYx134Q

P=162W (157 W if they use 1.3 Q)

(b)(iii) | Useof V=IR Or use of P= VI Or use of P = "/R (1)
F =13V allow ecf from (1) and/or (11) (1)

(&)

Example of calculation

F=11A=x1340Q=147V 143V if13 Q15 used)

(c) To prevent (use of a cable with) resistance that 1s too large

{(Accept answers that refer to mamntaining or not exceeding a resistance of about (1)

130)

[

Meaning more energy / power / p.d. available for the shredder (1)

Total for Question 9
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Question Answer
Number
(a)(1) Determumes width of at least 9 coals (1)
Use of half of their diameter i 7t r (1)
Area=(1.961t02.42) x 107 (m’) (1) 3
Example of calculation
18 coils = 1.00 cm
Diameter =0.0100m=18=5.56 = 10" m
Area=m x (5.56 x 107 =2’
Area=242 %107 m’
(a)(ii) Use of R=pl/4 i oy
Resistivity magnitude = 4.4 = 107 (show that value gives 3.7= 107) (1)
Uit Om (1) 3
Example of calculation
p=RA /T
=220x24=107m’ /12 m
=44 =107 0m
(a)(ii1) A sensible response with some detail. e.g. (1) 1
*  Avoid difficulty in reading a small scale while holding 1t
and counting tums
* it can be enlarged and done more accurately
* compare with unravelling and using a micrometer
* remams stationary, so easier to measure accurately
* vou can mark the coils as you go so you don’t lose count
{treat parallax as neutral and )
(b) Use of ratio of lengths = pd (1)
V=82V (1) 2
Example of calculation
F=(70em/102em) = 12V
=82V
Total for question 9
Q6.
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Answer ar
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(a)

best fit line

use of gradient Or use of R/ from graph or table

use of p = R4/

resistivity = 4.7 = 107 Qm (range 4.5 t0 4.8 % 107 Qm)

Example of calculation
oradient=440Q+10m=44Qm’"
p=Axgradient=1.06x 107 m’x44Qm”
resistivity = 4.66 x 107 Qm

(1)
(1)
(1)
(1)

(b)

temperature increases (with mereasing current)
resistance/resistivity would have increased (with temperature)

(1)
(1)

(c)

Precaution
Explanation

E.g. ensure good contact (e.g. tight croc clips); so pd across contact resistance
doesn’t make V results inaccurate

E g Avoid pressmg too hard on wire; as a deformation would affect cross-
sectional area and therefore resistance

e.g. ensure wire 1s straight so length measurement 1s accurate

e.g ensure eyes perpendicular to scale to avoid parallax errors

Do not credit:

diameter of wire since area 15 not in the table
repeat and average

high resistance voltmeter

keep temperature constant

(1)
(1)

Total for question

Q7.

Question Acceptable Answers Additional Guidance
Number

Mark

{a) A description that makes reference to two of

the following:

» No need for further calculation Or gives (1) | Do not accept more precise or no
a value for resistance without calculation parallax or quicker
No need for an additional power supply (1)
Uncertainties caused by two devices 1s
(possibly) greater than that caused by one (1)
device

[

Question Acceptable Answers Additional Guidance
Number

Mark

15 longer equation

pl
R=E£
A

(b)) * (As applied force increases) the length (1) Reference to formula may be in terms
{of wire) increases/stretches Or the wire (1) | of prqportionﬂliﬁ' or direct quote of

» the resistance increases with reference to (1) | Do not accept change in resistivity

[ &)
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Question Acceptable Answers Additional Guidance Mark
Number
(b)(ii) (x may seen in place of w)
_ AR
¢ Useof GF = — )
€0 R @ Example of calculation:
e Substitution of € == into GF equation n | 6F = AR
w l: ) eR
5 0.001
Aw=25x10"% =
. W m (]} an: ey 10_2)
Aw=25%10"°m 3
Accept 25 x 1073 cm /2.5 x 1072
num
Question Acceptable Answers Additional Guidance Mark
Number
{c) An explanation that makes reference to the following:
* As small changes (in w) are multiplied many tumes
Or can use a longer wire (on a small gauge)
Or to achieve a greater change 1n the length (1)
* (So) greater sensitivity .
Or larger changes in R (for a given change 1n width) (1) -
Q8.
Question o, . \
~ Acceptable Answer Additional Guidance Mark
Number
(a) # As graphene is only 1 atom thick so the MP1: accept graphene can only

CSA/thickness 15 far smaller than for a
sample of steel

Or most applications need a thickness
greater than one atom

Or if more than one laver of graphene
15 used it will be weaker or the bonds
between the layers will not be strong
Or Graphene 1s difficult to
manufacture because 1t has only one
atomic layer

Although graphene has a greater
breaking stress 1t will break at a lower
force

(D
(D

be 1 atom thick but steel can be
any thickness

(MP1, treat references to
cost/energy as neuiral)
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%ueshon Acceptable Answer Additional Guidance Mark
Number

(b) * Use of depth of graphite = 100 = (1) | Example of calculation
diameter of 1 carbon atom Depth of graphite = 100 = 1.4 x
1 W0 Ym=14=10"%m
* Use of cross-sectional area = depth = i s
(0.53'(10_31]1) CSA=14=10 m * 0.50=
D) 1107 m=7.0x 101w’
RA
* Useofp= T 1)) _ L029x10°0 % 7.0 X107 2m?
- . _0200m -
* p=36x10"0mOr36ulm 36x1070Qm 4
Question .- . _
~ Acceptable Answer Additional Guidance Mark
Number

(c) Max 3
Silicon will only release a (phota) MP1: accept single frequency
electron for a (1) | for lmmited range
limited range of
frequencies/wavelengths

(1)
Silicon releases only one (photo)
electron per incident photon (1
Greater current (for the same
illumination) in graphene (1)
Graphene (cells are) more efficient
Or graphene cells could be smaller /
cheaper / thinner 3
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