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Mark Scheme

Q1.

Question
Number

Acceptable answers

Additional guidance

Mark

The only correct answer is A

ampere

B.C and D are not base units
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Q2.

Question
Numbher

Acceptable answers

Additional guidance

Mark

The only correct answer is A

B is nof corvect because these are base
units of force

C is nof correct because these are not
base units

D is not correct because these are not
base units

kgms!

Q3.

Question
number

Acceptable answers

Additional
guidance

Mark

(1)

A description that makes reference to the following points:

Record nT (where » 1s at least 5) (1)
Divide measurement by » (1)

(ii)

L ]
*  Anomalies can be spotted (1)
* Reduce the effect of random error (1)

Q4.

Question
number

Acceptable answers

Additional
guidance

Mark

(1)

BFL 13 smooth and thin with a definite minimum
and minimum is in range 0 26 m — 028 m (1)

(ii)

Walues read correctly from candidate’s line (1)
hto 3 sig figand Tto 4 s£(1)

Values from their
curve to within 1
small square with no
unit penalty.

A description that makes reference to the following points:

s  DPlot I? h against 22 (1)
e (isintercept on T2k axis (1)

OR C is the value of T2 & when A% is zero (1)
e Unitis m 52 (1)
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Q5.

Question Acceptable answers Additional guidance Mark
number
(i)* This question assesses a student’s Guidance on how the mark scheme
ability to show a coherent and logically should be applied:
structured answer with linkages and
fully-sustained reasoning. The mark for indicative content should
Marks are awarded for i_udicaﬁu_a l::a:ggjii;ogl c:' :;:ﬁpffg ;]1:[ :;;.fre .
content and for how the answer 1s ) . . )
. ) with five indicative marking points
structured and shows lines of reasoning. which is partially structured with some
. linkages and lines of reasoning scores
The following table shows hoiw the _ 4 marks {3 marks for indicative
marks should be awarded for indicative content and 1 mark for partial
content. structure and some linkages and lines
Number of Number of of reasoning).
indicative marks awarded If there are no linkages between
marking for indicative points, the same five indicative
points seen in | marking points marking points would yield an overall
answer score of 3 marks (3 marks for
6 4 indicative content and no marks for
54 3 linkages).
3-2 2 6
1 1
0 0
Question Acceptable answers Adr..htmnal Mark
number guidance
(i)* The following table shows how the marks should
(continued) | be awarded for structure and lines of reasoning.
Number of
marks
awarded for
structure of
answer and
sustained
line of
reasoning
Answer shows a coherent and 2
logical structure with linkages
and fully sustained lines of
reasoning demonstrated
throughout
Answer is partially structured 1
with some linkages and lines of
reasoning
Answer has no linkages 0
between points and 1s
unstructured



https://stemup.co.uk

ti Additional
Question Acceptable answers onAt | AMark
number guidance
()* Indicative content
(continued
¢ Determine the natural frequency by displacing the tea in the cup
and measuring the time for oscillations
¢  Time (5 to 10 or “suitable number’ if test run mentioned) full
oscillations and divide by the number
¢ Carry the tea for a known volume of tea for fixed number of
steps at a steady pace
¢ Determine the frequency of the gait
¢ Measure the quantity of tea remaining
* Repeat for other walking paces
(i1) A description that makes reference to the following points:
¢ DPlot volume of remaining tea agamst walking frequency (1)
* Determine whether there 1s a relationship between step
frequency and spillage (1)
¢ Ifthere 15, determine whether maximum spillage occurs at or
near the natural frequency (1)
3
Q6.
Question Acceptable answers PP Mark
Number
@ 2
units eV (energy) base umits: kgm?s? Or
base units of momentum: kg m 5!
(1)
divide energy by units of speed (c) ms!
gives kg m 5! which are units of
momentum Or multiply units of
momentum by speed (c) ms!to give units
of energy kg m? 572
ey
(ii) resolves a y-component or x-component of | Example of calculation 3

electron momentum

(1)

applies momentum conservation in x-
direction or y-direction

)

comparison of total momentum after Or
momentum of proton after plus comment

5]

Alternative:
s  draws a vector triangle

py = 9.1 (GeV/c)sin20 = 3.1 GeV/c
P = 9.1 ({GeV/c)cos20 = 8.55 GeV/c

p..of proton
= 20 (GeV/c) - 8.55 (GeV/c) = 1145 G

Poroton = +3.1% + 11.452
=11.86 GeVic
Alternative:
Py
= 9.1 (GeV/c)sin20 = 3.1 GeV/c=11.9(
@ = 15.2

Sototal p after=11.9 GeV/c cos 152 +
9.1 (GeV/c)cos20



https://stemup.co.uk

Uses cosine rule

Calculates angle from three sides =20 4¢

=115+855=2005 GeV/r

@ |

(total) kanetic energy not conserved
(1

Q7.

Question
number

Acceptable answers

Additional guidance

Mark

D

Q8.

Question
Number

Acceptable answers

Addirional guidance

Mark

. Uses V=1/C
OrV=Nm'C
OrvV=Whbsl!

s Useof T=N/Cms!
Or T=N/Am
Or T=Wbm?

Is

Uses units of n = m~ and completes
agreement

Alternative with base units:

Or base unit of energy = kg m” 57

+  Uses base unit of charge=A 5
Or uses A= (s’

or A's

Uses base units of n=m™~ and
completes agreement

Or Sub of B=F/IL and cancels

*  Uses base unit of force = kg m 57

Or Sub of B=F/JL and cancel I's

(1)

1)

(1)

1

1

1)

Example of unit simplification:
T/C should equal % ¥ A+m*Cm
_Nm_] -

[ c

3
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QO.

Question | Acceptable answers Additional | Mark
Number guidance
The only correct answer is C
A 1s not correct as this 15 a unit of electric field strength 1
B 1s not correct as units T m” could be used as a unit of flux
D is not correct as Wb is a unit of flux
Q10.
uestion e ,
Q Acceptable Answer Additional guidance Mark
Number
B coulomb, kilogram (1)
Q11.
Q_uesnon e Additional guidance Mark
Number ANSWET
A The only correct answer 15 A because a real image 1s produced at a distance of
30 cm from the lens
B is not the correct answer because the object distance is less than the focal
length so the image is virfual
15 not the correct answer because diverging lenses produce virtual images
with real objects
D is not the correct answer because diverging lenses produce virtual images
with real objects 1
Q1l2.
Question Answer Mark
Number
B 1
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Q13.

Question | Answer Mark
Number
D 1
Q14.
Question .- .
Acceptable answers Additional guidance | Mark
number
¢ Use of F'= Bl or use of F=Bgv (1) Example
o Converts N to kg m 52 (1) _ Flkgm 577
~I[A] I[m]
So units are kg Al s? 2
Q15.
Question | Answer Mark
Number
C 1
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Mark Scheme

Q1.
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Question
Number

Acceptable Answer

Additional Guidance

Mark

@

An explanation that makes reference to
the following points:

The intercept represents the
temperature of the air at which the
volume occupied would be zero

Thus 1s the absolute zero (of
temperature)

Absolute zero is the lowest
attainable temperature

Or absolute zero is the
temperature at which the
atoms/molecules of the gas have
zero kinetic energy

For MP3 accept atoms/molecules
stop moving

(ii)

MAX 4
Resolution:

It is correct that uncertainties
would be reduced by using high
resolution mstruments

But the mnstruments are not high
resolution

There could be a systematic error
(in the measurements)

Graph:

The points do not lie on a perfect
straight line

Or the true relationship may not
linear

Temperature intercept may not be
accurate

Or there may be extrapolation
erTors

More points are needed Or a
wider range 1s needed

1)
1)
(1)

1)
1)

1)

Q2.
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ti iy .
g:zl_::: Acceptable Answer Additional Guidance Mark
« Time a number of (complete) oscillations Allow:
and divide thjs_tjmg by the number of (1) | MP1:Use a light gate with a data
(complete) oscillations i
ogger
+ This increases the total time recorded ) Or video oscillation and play back
Or this reduces the effect of frame by frame
T;Pcﬁm (Dependent on MPZ: this reduces the effect of
B (1) | reaction time (Dependent on
* Time from the mid-point of the oscillation MP1)
* Use a marker to identify the mid-point of the M
oscillation MP3: accept equilibrium point for
Or pendulum is travelling fastest at the mid- (1) mid-point
pont
5
« Each method reduces the (percentage)
uncertainty (in the value for )
MP3: can’t be awarded on its
OWIL
Q3.
ti . .
g:::b':: Acceptable Answer Additional Guidance
(1) * Wear safety glasses (to protect eyes from breaking wire)
Or wear suitable footwear (to protect feet from falling
masses)
Or place sand tray under masses (to catch them 1f they
fall)
L Acceptable Answer Additional Guidance
(i) o 1= 2L substituted inkos v = 1 | v=rlmdi=2Lsov=2fL
T o [T ogar2 T
+ v substituted into v = \,IIE W v= i 0 4f L = u
2= (:r 1 dient is T
» Correct re-arrangement into ¥ = mx + ¢ format (1) - .ﬁ) ‘e S0 ETRAEM IS o0
(i) o Gradient calculated Example of caleulation

1)
(1)
(1)
(1)

Use of gradient= —
. e of gradient = —-

s u=18(gmY
*+  SWG consistent with their
calculated value of u (24 swg)

{0.043 — 0)m? — 287 x 10%m2s—?
(150 —0.0) % 10 %2 s

gradient =

21kg x9.81ms*

= =179 % 10~ ¥ kg m~L
1% 287 x 10°m?s—=2 ch

1

i

A= 179gm™

Q4.
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?:;s;l:: Acceptable Answer Additional Guidance
(i) An explanation that makes reference to the following points: Accept: use ratchet to close up micrometer
Either to avoid squashing the wire
* Take readings in different positions/orientations along the
wire (and calculate a mean)
L ) (1
*  As wire diameter may not be uniform (1) MP?2? accept cross section for diameter
OR MP2: accept to reduce the effect of random error
s Check {(and comect for) for zero emor (1)
»  Zero emor reduces the accuracy of the measurement (1) )
Or Zero error moves the value away from the true value MP2 accept systematic eror not changed by repeat| 2
measurements
Q5.
Question ) o - . T
Number Acceptable Answer Additional Guidance Mark
(i) ) 1
» discards value for /5 (1)
. Ings_? ([‘_-n]_j (1} 2: answer to 1 d.p. 01]_1}-' 2
Exammple of calculation
85.5+86.0+85.5
m= =85.7 cm
3
(ii) F; (1) | ECF from (1)
¢ UseofT =2m P MP2: accept T=195
e T=186s :
@ Example of calculation 2
e
T=2m |-
N g
) 0.857 m 186
=2n X |-—————=1.86s
[9.81 ms2
\
Q6.
uestion .- ]
Q Acceptable answers Additional guidance Mark
number
An explanation that makes reference to the
following points:
# Light gates can record short times accurately (1)
OR with smaller uncertainty (1)
* Because human reaction time 1s not involved (1) 2
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Q7.

I?II::;::[:: Acceptable Answer Additional Guidance
(i) An explanation that makes reference to the
following poinis:
* ShowsexpansionIn (V) =In (V) —b8 (1)
*  Compares with v = mx + ¢ and o) 2
shows that m 1s (—)b
I?II::;::[:: Acceptable Answer Additional Guidance
(1) Ln values correct and to 2 or o
* 3 decimal places arc VIV In(F7V) | In(V/V)
* Labels and unit (1) 89.0 1.9 0.642 0.64
. Scales ) 740 | 29 1.065 1.06 5
. Plots ) 535 49 1.589 1.59
. 325 9.1 2208 221
» Line of best fit (1)
18.5 126 2534 253
35 187 2929 293
(1i1) « Gradient determined using (1) | MP2: unit can be K1
large triangle
* binrange (0.026 — 0.028) o) Example of calculation:
°C~1to 2 or 3 sf with unit
+ Inverse In of intercept 1) . (3.04 — 0.35) = —0.027 oC-1
determined gradient =
| (0 - 100) 4
* Foinrange (19 — 22)V (1)
VVWg=eedl V=201V
3.0
' y = -0.0268x + 3.04
2.0
In (F/IV)

1.5

1.0

(.0}

i) Qi) 1 ()
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Q8.

Q9.

Q1l0.

g:?;:::: Acceptable Answer Additional Guidance Mark
« He should have moved the microphone over more Alternative:
inphase posttions (to determine multiple @ MP1: move microphone
wavelengths) between antiphase
positions 2
. This would reduce the uncertainty in the value (for MI: asitis easierto
d) (dependent upon MP1) @ |iudse when waves are in
antiphase (peak
corresponds to a trough)
Question 2o :
Number | Acceptable Answer Additional Guidance

« The first rubber band 15

too near the surface of the honey (1) | consistent with MP1 and MP2
(so the ball won't e.g. there should be multiple bands for timing

be at 1ts termunal velocity)

» There is no method for (1)
checking that the ball 1s falling at

terminal velocity (when he times)

e.g. they haven't videoed the falling ball

Accept statements for how procedure could be improved
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Question

Number Acceptable Answer Additional Guidance
{]} Mean time calenlated (1) Credit individual velocities and then mean velocity being
calculated
Use of s = ut 1]
4 Example of calculation
u=0039 (ms™) 1 R
640+ 6.35 + 6.36 + 6.38) 5
taw = =637z
4
0.25m -
= =3092%x 10 ms~!
YT 6aTs "
{ﬁ) Use of 1 = 2riglpe—pu) 1) Shc_-|w lhat_ value gives 1][).5 Pas
v 10.7Pasi1f 00392 m s~ used
1 =108 (Pas). soitishoney A (1)| afiow ecf from (i)
Example of calculation
_2x(530x 107%)* % 9.81 ms~* » (7750 — 1360) kg m?®
= 9%39x102ms!
~n=108Pas
Q11.

Q12.

Question
Number

Acceptable Answer

Additional Guidance

Mark

mean)

¢ Counting for 1 minute 1s too

short a time (1)

Or he should count for at least .

3 munutes (1)
* He hasn't recorded the (1)

background count rate

* More than one reading taken
and a mean calculated
Or should have taken more
than two readings (to calculate
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Question
Number

Acceptable Answer

Additional Guidance Mark

MAXS

An explanation that makes reference to the
following points:

The student has calculated the coun
rate rather than the
activity of the source

The counts haven't been comrected
for background (so
there 1s systematic error in his data)

The GM tube 15 too far away from
the source

a-radiation won't reach the
GM-tube as 1t only has a short
range in air

Radiation spreads out from the
source, so not all the emutted
radiation reaches the GM-tube

GM tube won't detect all the
gammas which enter 1t

(D
(1)
(1)
(1)
(1)
(D)

Q13.

Question
number

Acceptable answers

Additional
cuidance

Mark

(i)

A description that makes reference to the following points:

Circuit diagram showing:

Cell, variable resistor and ammeter 1n series and

voltmeter in parallel with cell (1)

Recording pairs of readings of terminal p.d. and

current (1)

Use the variable resistor to obtain 5 other pairs of

readings (1)

Should be between
5 and 10 other pairs

(ii)

A description that makes reference to the following points:
Plot a graph of terminal potential difference on the ¥-

axis and current on the x-axis (1)

Intercept on the y-axis equals e m £ (1)

And gradient = -r (1)

Q14.
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Question
Number

Acceptable Answer

Additional guidance

Mark

(a)(i)

An explanation that
makes reference to
the following points:

» total resistance of
strand decreases (1)

+ this increases the
current in the
strand OR
remaining bulbs
are brighter

(1)

« greater power /
energy
consumption with
blown bulbs OR
reduces the life of
the remaining
bulbs

(1)

(3)

Question
Number

Acceptable Answer

Additional guidance

Mark

(a)(ii)

« use of V= IR and
addition of resistances
in series to determine
current in strand with 5
blown bulbs

use of V = IR and
addition of resistances
in series to determine
current in healthy
strands

OR

use of resistance in
parallel and series to
determine total
resistance

s J=29A

» 29A <3A sofuse
does not blow

(1)

(1)

(1)

Example of calculation:
Total current = sum of current in

the four healthy strands +
current in the unhealthy strand

I = (zsov) ( 230V )
~ “\soxson (45x8.0 N)+(5x3.00)

I=29A

Allow credit for a consistent
conclusion from an incorrect
calculation of current

(3)
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LDEEELT SIiELELE Additional guidance | Mark
Number Answer
(bY(i) |+« usea (1)
micrometer
2
- A=nr() (1)
OR A4 =mr?
and r = %
+ repeats (1)
readings in
different
planes/pos
itions
(3)
L CEEIT Acceptable Answer Addltlonal Mark
Number guidance
(b)(ii) |+ current directly proportional
to cross-sectional area (1)
%L:J?_EE:: Acceptable Answer Additional guidance Mark
(b)(iii) Example of calculation:
» calculates area = (1) | 4= H['Dmlmm}z — 0.13 mm?2
0.13 (mm?) \
e useofy=mx +c¢ (1)
1-= 1.:8&)-(.0.13:1111" _ 284
« I =28A (1) 0.06 mm
e 2.8A<3Aso the (1) Wire is suitable as T < 3 A
wire is suitable .tO Allow credit for a consistent
use as a fuse wire ] )
conclusion from an incorrect
calculation of current
Accept converse working to
find diameter of 3 A fuse wire | (4)

Q15.
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Question | Answer Mark
Number
(a)(i) Wimg and T correct (L)
F/E/ electric force correct (1) 2
Example of diagram
/'
:F
F
]/ w
(a)(i1) | See Tcos =W (1)
See Tsinf=F (1)
Or
Draws a comrect triangle of forces (1)
Correctly labels 8 (1) 2
(if a triangle 15 drawn 1t must be a closed polygon with correctly orientated
direction of arrows)
(h)(1) Records 1pair of values from graph (1)
Records 2nd pair of values from graph (1)
Use of F 7 (1)
Shows that Fyr™ = Fary® (1) 4
{accept answers with or without the powers of ten mcluded)
Example of answer
Ignonng powers of 10
115N = 20" m" = 46000
51 N = 30" m” = 45900
(b)) | Uses constant from (b) ignonng powers of ten errors
Or uses a pair of values from graph (1)
Use of F = kQ; 0, #* with 1.6 x 107° C (1)
0=72x107C (1) 3
Example of answer
100 0° = 46000 x 10° Nm®/8.99 x 10° N m’ C”
O =512x=10"¢C*
0=72%x10"C
Total for guestion 11
Q16.
l‘%uesﬁon Acceptable Answer Additional Guidance Mark
Number

« Data not recorded to the same sf/dp (1)
+ Positions of mass holder not recorded L
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Q17.

Question Acceptable answers Aﬂt-lltlﬂlla.l Mark
number guidance
(a) Any three from:
¢ Inconsistent precision for extension (1) Uncertainty
Lack of precision on mass, should be shown to 3 DP (1) _suggested by 1 sf
No evidence of repeat readings (1) OR there should be more | 15 far greater than
readings to compensate for repeat readings being that expected 1n
inappropriate (1) practice
* TInconsistent intervals between readings (1)
3
Question Acceptable answers Adlllltmna] Mark
numhber guidance
(b) A description that makes reference to two of the following points:
¢ use of ficidual mark (1)
¢ eye close to liquorice lace to avoid parallax errors (1)
¢ Fixed metre rule close to lace (1)
¢  Use of set square to ensure rule vertical (1) 5
Q1s.
gﬂi‘;g? Acceptable Answer Additional Guidance Mark
e all I values should Do not aceept same number of sigmificant
be recorded to the figures
same number of
decimal places (1) 1
Or all 7 values
should be recorded
to the same
resolution

Q19.
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%ﬂ?ggp Acceptable Answer Additional Guidance Mark
(a)(i) axes and labels (1) | Example of graph:
60
suitable scale (1) © X
-’.r"
i
all points plotted (1) 40 i
correctly 30 -
20 =
e
line of best fit drawn (1) 9 10 Ee
= 0
0 200 400 600 800 1000 12001400 1600
L/A /m?!
(4)
(a)(ii) attempt to measure (1)

gradient using large

triangle

p = (0.035 - 0.041) (1)

Om to 2 sf (2)
ULIESIET Acceptable Answer Additional Guidance | Mark
Number
(b) Two problems identified Accept micrometer

with solutions from: giving precision of
+ taking only one reading (1) 0.01 mm for
could produce an diameter
unreliable result
¢ so take repeat readings (1)
of length and diameter
* metre ruler cannot be (1)
used to measure the
diameter with sufficient
precision
OR metre rule can only
measure diameter at
ends of cylinder
* so use Vernier callipers (1)
instead
+ comment about non- (1)
uniform shape
(4)
* 5o take repeat readings (1)
at different positions/
orientations
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Q20.

%ﬁi’ggp Acceptable Answer ‘B(;i::ihdt;?::;? Mark
(a) laser light (1)
should not he
aimed directly
into the eye
¢ as concentrated (1)
heam can cause
damage to the
retina
(2)
DLzl Acceptable Answer Additional Guidance Mark
Number
(b)(i) EITHER Do not award repeat
» all x values should be readings, not appropriate
recorded to the same in this experiment (1)
number of decimal
places, so x> and x4 are
incorrectly recorded
(1)
OR
« all processed data should
be recorded to the same
number of significant
figures, so sin 8 for x1 is
incorrectly recorded
| weotmo-g 10-2291 () caluloron
tand =w =0423
» sinf = 0.390 (1) 175
L 8=229°
- siné = 0.3899 (2)
(b)(iii) | point plotted correctly and best (1)
straight line drawn through points (1)
Lol Acceptable Answer Additional Guidance Mark
Number
(b)(iv) . sma=ﬁ, so gradient = A (1) ExamDI:le of calculation:
d d - _=333x10°m
3x107m
¢ gradient = 0.194 (1)
e use of d = 1/numher of (1) 2=333%10"m=0.194
lines per mm =647=10"m
(5)
o d=23.33 % 10 (m) (1)

6.5 x 107 m

-1-
I

(1)
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Question
Number

Acceptable Answer

Additional Guidance

Mark

(c)

An answer that makes

reference to two of the

following pairs:

» use a Vernier scale to
record x

* 5o that data to the
nearest 0.1 cm could
be obtained to reduce
the percentage
uncertainty

¢ use a larger grating to
screen distance

¢ so that all x values
would he greater to
reduce the percentage
uncertainty

« measure from nth
order on one side to
nth order on the other
side

+ so that the distance
measured is larger
hence reducing the
percentage
uncertainty in x

¢ use a grating with
more lines per mm

« so that values of x will

he greater to reduce
the percentage

uncertainty

(1)

(1)

(1)

(1)

(1)

(1)

(1)

(1)

Do not award
repeat readings, not
appropriate in this
experiment

(4)
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Mark Scheme

Q1.
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?q““zi:::f Acceptable Answer Additional Guidance Mark
An explanation that makes reference to the MP2 examples:
following: time interval between measurements
*  The time interval 15 very short (1) | 15 small
Many recordings/sec
s theidea of a high sample rate (with
the datalogger) (1)
Or (Percentage) uncertaimnty in
measurement would be small (when
using the datalogger). 2
Q2.
Question .- . .
number Acceptable answers Additional guidance | Mark
Diameter is only half a division on the scale (1) OR Allow for
diameter 15 measured to only 1 sf (1) identification of any
Hence there 1s a la_rge percentgge uncertainty in other valid problems
measu:rement of diameter of 0_11 drop (1) _ and improvements
Since the volume of the drop 1s calculated by taking b
. 3 T ased on good
(diameter)”, the percentage uncertainty in volume hvsics. f I
becomes very large (3 x % uncertamty mn diameter) (1) physics, for example
Suggestion for improvement: use a larger o1l drop, use a place metre rule o
(vernier) scale capable of reading to nearest 0.1 mm, across tray so that it is
project image of droplet to larger size (1) close to the surface.
Drop will not spread out as an exactly circular area, so
diameter reading may be inaccurate (1)
Suggestion for improvement: the diameter of spread-out
o1l drop should be taken a number of times across a
number of different directions and a mean calculated (1)
]

Q3.
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Question
Number

Acceptable Answer

Additional Guidance

Mark

(i)

MAX 3

There 1s an inconsistent number
of decimal places (I

No evidence of repeats I
Range 1is too small (I

Not enough readings between 24
°C and 60 °C I

Four (pairs of) readings are not oy
enough

(i)

An explanation that makes reference to
the following points:

The (trapped) air may not have
been at the temperature of the

water

Because water temperature may

not be umform

Or because transfer of thermal (1)
energy through the glass takes

tume

The volume of the (trapped) air
column may not be proportional
to the length of the column
Because the bore of the glass tube
may not have been wmform

The temperature / length may be

read incorrectly (1
Because there may be a parallax

error when reading the (1)
temperature or length of the

trapped air column

(1)

(1)
1)

Mark any two pairs

Q4.

(1)

Any two from:

Stir water 1 beaker

Use digital thermometer Or temp
sensor & data logger

Put thermometer close to tube

Let tube reach thermal equilibrium
before taking readings

Use thermostatically controlled
water bath

Take reading in line with scale

1)

1)
1)
(1)

1)
(1)
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Question Additional Guidance
Number sl Whaole guestion to be clipped together e
to allow full ECF
(1 ¢  Micrometer (screw
gauge) Or digital calipers (1)
¢ Because the measured
value mndicates a
resolution of 0.01 mm (1) 2
(ii) ¢ % uncertamty = 0.2 % (1) | Example of calculation:
. 0.005mm 100 % = 0.20
%% uncertainty= S5 mm x %% = 0.20 %
1
(iii) ¢ % uncertainty = 1.6 % (1) | Example of calculation:
0.5
0 uncertainty= g »%100 % = 1.56 %
32.0g
(iv) e % uncertainty = 2.7 % Example of calculation:
[1 or 2 sf] (1) | %o uncertamty = 0.7 %+ 1.6 % + (2 = 0.2 %)
=27%
Allow ECF from
(a)(ii), (bii) and (b)(iii)
(v)

Q5.

. Useof\-’=Lx%‘=

¢ Useof p= %

¢ Uncertamiy mn density = 200 kg
e

*  So maximum density 1s 7600 kg
m~? which is lower than the
standard value

Or comment consistent with
their calculated value
Allow ECF from (a)(iii) and
(b)(iv)

Example of calculation:

@) | v = 0,866 m x 52220702 _ 4 39 1076 m?
(1) _ 3.20x10%kg _ 3
(1)

UIICE'ITﬂiIlI’y n p= i[?4(}0 kg m-3 % %}
=200 kg n1'3

ey
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g‘;ﬁgﬁ: Acceptable Answer Additional Guidance Mark
A 1 In
* Log values (1) ceept loguo or In (logs)
calculated in / logio In
logio (D/mm) ; InN
table N (D/mm
0710 0.000 1.64 0.000
e Axescorrectly (1) 0.850 0.301 1.96 0.693
labelled 0.940 0477 2.16 110
: 1.01 0.602 233 1.39
s Suitable scales (1) 06 0.699 > L6l
* All ponts )
plotted
correctly
e Lineofbestfit (1)
drawn
* Determine (1) 8
grad.ient 115.'mg _— 1.10 T T T AT
large triangle E i i i i
£ 10q Fxt 3T
¢ Interceptread (1) | 2 HH
= 090 -
from graph ks
. pZS.D_52 (1} — 0.80 #
(mm) 070 i
01‘p=|:5.'0'— 0.00 0.20 0.40 0.60 0.80
! -3
5.2) = 107 (m) log,y N
g=0.5
Q6.
Question Acceptable answers Adi_]]hona] Mark
number guidance
A description that makes reference to the following points: Allow argument
¢ Refertovi=1u2+2as (1) Yot =mghto
¢  Where 5 1s height reached, v 1s zero, a = -g (1) get the same
e Sou=+2gs(l) results.
3
(ii) *  Air resistance will act on the popper... (1)
... As a decelerating force (1) OR._ .. dizssipating energy (1)
5o the imitial speed will be lower than in the absence of air
resistance, so the suggestion is not correct (1)
3
Q7.

STEMUP.CO.UK
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ti e .
{I?il;:jl;:]rl Acceptable Answer Additional Guidance Mark
*  Precision refers to the spread of values
(so the reference to precision 1s (1
incorrect)
) (1)
*  Accuracy refers to how close the value
1s to the true value
: : (1
* The resolution (of the balance) 15 0.01 g
Or the uncertainty (of the readings) 1s
(half of) 0.01 g
* Repeating the measurement doesn’t 1
reduce the effect of random error M 4
Or Repeating the measurement and
calculating a mean reduces the effect of
random error
Q8.
Q_uesnou Acceptable Answer Additional Guidance Aark
Number
@ Use a micrometer to measure v and/or z (1) {‘-P".u.t. @ a_u-:l (b) to be marked
T i (1) holistically
Use Vernier/digital calipers to measure x and/or MP1 accept digital calipers for a
single slide
Accept Vermer calipers 1f it 15
clear that the thickness of a
number of shides 1s being
measured.
To award both MP1 & 2. x, y &z
Mass of slide(s) measured using (top pan) (1) | mwst all be referred to.
E /scales
balance/sc dﬂ;’ . p leas (M MP4 can be awarded for a
Repeat and deterrune mean for at least one reference to averaging any of the
measurement measurements.
4
Question ) . .
N ] Acceptable Answer Additional Guidance Aark
Number
(b) . , Accept “tare” for zero error check
Check zero error on mucrometer/callipers/balance on balance
Or measure x4z of slide in different places
Or measure thickness/mass of multiple slides (1) 1
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Q9.

Q10.

gl:':l:;:: Acceptable Answer Additional Guidance Mark
An explanation that makes reference to the
following points:
*  Measuore the thickness of a stack (1)
of slides and drvide by number of
slides
4y 2

*  the uncertainty would be the same
but the measurement would be
larger (so the percentage
uncertainty would be less)
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(1%1111:;:;2:.1 Acceptable answers Additional guidance Mark
(i) o Useofn?=4Ann- (1) | Example of calculation 2
o A=402x1078 Y 1) [A=In2/141%10"s
=402 x 1078 g
ﬁ.i} 1] Calculate rate = counts / {]) E}L'ﬂ.ﬂ]plf of calculation ]
time 1 background rate =525 /(10 = 60) s =
) 087557
* Subtract background (@) | vase count rate = 3623 /(5 x 60) s =
radiation 1y |1207757
o Useofd=— N e corrected rate = 11.2 571
Calcul N . for whole vase =112 57! x 0.0177 m*/
. alculates N = atommc 1) | 536 =10~ m?
mass = 311757 _
L] Calculates pﬁcenmge b‘)’ ;;'-;1131 17/401 = 1[}_13 s =0.348 x
mass ) Mass = 6.348 x 10%x 238 x 166 x
¢  Answer=10.17% (ecf for 10 kg=251%10"kg
A from (a)(i)) Percentage =251 » 10~ kg x 100/
0.149=0.17%
(iii) | Max 2 from: 2
Alpha particles could have been
absorbed by the glass @)
Alpha particles will be emutted in
all directions. not just towards the
detector 1)
Some alpha particles could have
been detected from other parts of (1)
the vase
The count could include radiation (1)
from decay products
1)
¢ Some alpha particles could be
absorbed by the GM tube window
Q1ll.
QUES‘ID]..I Acceptable Answer Additional Guidance Mark
Number
(i) * Correct time(s) read from graph (1) | Example of calculation:
. 5
. Lseofv=? (1) | t=(1400-1000) = 1075
- 2L 2x1.18
«  v=5900 (ms™) a | v=—= = =5900ms™ 3

t 40010
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?questm]f Acceptable Answer Additional Guidance Mark
umber
. ¥ -2 :
(i) o Substitution into E =1"p ecf (1) MP?2 accept N m ) fgr units .
. “show that value” gives E=2.8 = 10 Pa
from (b)(1)
e E=27x10"Pa (1) | Ex wle of calculation: i ,
E=+vp=(5900ms™ | x7850kgm™
E=273x10"Pa 2
Q1l2.
Question _ - .
- i Acceptable Answer Additional Guidance Mark
Number
+ NMean straight line with positive
® M sht line with p o
intercept on the y-axis 1
Q_uesnon Acceptable Answer Additional Guidance | Mark
Number
ii K 1
@ ¢« (C=——usedtoshow — =« 4
12 j (1)
¥ WO
Or identifies gradient as \E which 1s constant
* Since graph 1s a straight line, data 1s consistent with (1)
this
* However, line doesn’t pass through the onigin @)
+ This indicates a systematic error in measuring the a 4
distance
Q13.
%ﬁﬁng Acceptahle Answer Additional Guidance
An explanation that makes reference to the
following points:
¢ Shows expansion In Af = ln A8, — br
» (Compares with y =mx + ¢ and states (1)
that the gradient 1s 5 (whach 1s
(1) 2

constant)
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Q14.

Question
Number

Acceptable answers

Additional guidance

Mark

(i) |

subtracts (1) | Example of calculation:

background from
counts in 60 s

use of half life x A (1)
=In 2

12227 - 22 = 12205
322 - 15 = 307

307 = 12205 x e 253y
In 307 = In 12205 -In2 x £t/ 53y

use of A = Ag e#t (1) |f =28 years

correct logarithmic (1)
conversion

year = 1987 (1)

Year = 2015 - 28 = 1987

(5)

Question
Number

Acceptable answers

Additional guidance

Mark

(ii)

An explanation that makes
reference to one of the
following pairs:

o if the measurement in
2015 were at a larger
distance than X, the
count rate would be less

¢ the source would
appear to be older than
it really is

OR
e 307 is a relatively small
count

» the equations apply for
large numbers of
decays therefore you
cannot be sure of the
accuracy of the age

OR

e if the sensitivity of the
GM tube were greater in
2015, the count rate
would be larger

¢ the source would
appear to be younger
than it really is

(1)

(1)

(1)

(1)

(1)

(1)

Allow reverse
arguments

(2)
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Q15.

Ql6.

g::::z: Acceptable Answer Additional Guidance Mark
@) Use of P = VI (1) | Example of calculation 2
P=1900 W (1.9 kW) @ | p=230vx820A=1890W
(a)(ii) o Use of AE = mcAd Example of calculation 3
¢ UseofP :% M | A£ = 0.655 kg X 4190 kg 'K !
o At=112s0r1135[10650r 107 q, X (100 —22.5)K
gif 5h0_w that value used] AE =213 X 10° |
ECF from (a)(1) I
_213x10%
~T1soow  7°
I:Q;::i:z: Acceptable Answer Additional Guidance Mark
(b)(i) e After a short time of botling in 1
the flask, all the apparatus would
be at 100°C.
Or so energy is not being used to (1)
heat up the flask
Or so steam won't condense in
the flask
(b)(ii) , _ 1 Example of calculation 3
¢ Useof AE =mlL (1) .-'_"Am_95><'1{]_3]<g
¢ UseofP == @ |"ar = 1255
(1) |=76%x10*kgs!
o 1720W(1.72k AE
( W) S = 76x 107 kgs?
¥ 226
X 10°] kg™?!
P=1720]s*
(b)(iii) e.g. rate at which thermal energy 1s 3

* (Comparison of answer to (a)(1)
with answer to (b)(11)

+ Not all of the energy from the
heater 15 used to turn water from
liquad state into vapour
Or energy 1s being used to heat
the heat exchanger
Or not all the steam condenses mn
the heat exchanger

*  Some energy 1s transferred to the
surroundings

8))

@
@

supplied to the water in the flask 1s
greater than rate at which thermal
energy 1s removed from the water
in the heat exchanger.

If answer for ( b)(1u1) 15 bigger
than 2 kW1 mark for correct
comparison can be scored.
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Question Additional Guidance
Number sl Whaole guestion to be clipped together e
to allow full ECF
(i) ¢ Calculation of mean (1) | Example of calculation:
value _ (15.3+15.2+15.4+15.3) _ 153
o Useofl = mw ("= 4 - o mm
o [=48.1mm (s (1) | I=mx15.3 mm=48.1 mm
3
(i) * Calculation of half range Example of Calcma?ff mm 5.2 mm
Or greatest deviation Half range value = — = 0.1 mm
7 0.1
from mean (D | -0 uncertainty= _ﬂxlﬂﬂ % = 0.65 %
e % uncertainty =07 % 15.3 mm
Allow ECF from (a)(1)
(1) 2
(iii) o TUseof L = Nl with Example of calculation:
N=16or 18 (1) | L=18 x 48.1 mm = 866 mm
¢ [ =866 mm [0.866 m]
Allow ECF from (a)(1) 1)
)
Q1l7.
Question Acceptable . . ‘
Number Answer Additional Guidance Mark
Micrometer (screw (1) | Accept digital calipers 1
gauge)
Q1l1s.
%ﬁi;g::] Acceptable Answer Additional Guidance Mark
An explanation that makes reference to the
following points:
*  With a phone camera there won't
be reaction time errors (when
starting and stopping the
stopwatch)
Or with a phone camera the
recording can be replayed (a
number of times) (1)
* 5o the uncertamty in the measured
times will be reduced
Or tlus may lead to a more accurate
,

value/time/velocity

1)
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Q19.

Q20.

Question
Number

Acceptable Answer

Additional Guidance

Mark

By lagging the flask (to reduce
energy transfer to the
surroundings)

(1)

Question
Number

Acceptable Answer

Additional Guidance

Mark

(@)

Either

The GM-tube has a low efficiency for v-
ray detection

Or there 1s an increased area exposed
1o y-1ays

(So) placing the tube side on to the
radiation would increase the count rate

The y-radiation could be detected
anywhere inside the GM-tube

So placing the tube side on to the
radiation would reduce the uncertainty
in the distance measurement

1

(1

1

(1)

For low efficiency. accept GM tube
poor at detecting y-rays.

Question
Number

Acceptable Answer

Additional Guidance

Mark

(i)

Record the count (at least) twice and
then determine an average count rate
Or record the count for a much longer
time

This reduces the effect of (random)
errors m the measurement of the count
rate

@

@
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Mark Scheme

Q1.


https://stemup.co.uk

Question
Number

Acceptable Answer

Additional guidance

Mark

(a)(i)

An explanation that
makes reference to
the following points:

» total resistance of
strand decreases (1)

+ this increases the
current in the
strand OR
remaining bulbs
are brighter

(1)

« greater power /
energy
consumption with
blown bulbs OR
reduces the life of
the remaining
bulbs

(1)

(3)

Question
Number

Acceptable Answer

Additional guidance

Mark

(a)(ii)

« use of V= IR and
addition of resistances
in series to determine
current in strand with 5
blown bulbs

use of V = IR and
addition of resistances
in series to determine
current in healthy
strands

OR

use of resistance in
parallel and series to
determine total
resistance

s J=29A

» 29A <3A sofuse
does not blow

(1)

(1)

(1)

Example of calculation:
Total current = sum of current in

the four healthy strands +
current in the unhealthy strand

I = (zsov) ( 230V )
~ “\soxson (45x8.0 N)+(5x3.00)

I=29A

Allow credit for a consistent
conclusion from an incorrect
calculation of current

(3)
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LDEEELT SIiELELE Additional guidance | Mark
Number Answer
(bY(i) |+« usea (1)
micrometer
gy 2
« A=n() (1)
OR A4 =mr?
and r = %
+ repeats (1)
readings in
different
planes/pos
itions
(3)
L CEEIT Acceptable Answer Addltlonal Mark
Number guidance
(b)(ii) |+ current directly proportional
to cross-sectional area (1)
%L:J?_EE:: Acceptable Answer Additional guidance Mark
(b)(iii) Example of calculation:
» calculates area = (1) | 4= H['Dmlmm}z — 0.13 mm?2
0.13 (mm?) \
e useofy=mx +c¢ (1)
I= 1.28ﬁx.0.13:1n1: —28A
- I — 2.8 A (1) A& mm
e 2.8A<3Aso the (1) Wire is suitable as T < 3 A
Uw;;eali ZLE?EITJ&L Allow credit for a consistent
. conclusion from an incorrect
calculation of current
Accept converse working to
find diameter of 3 A fuse wire | (4)
Q2.
Question - P . §
Number Acceptable answers Additional guidance Mark

®)

Use of ratio of atoms and atoms per g

Number of nucle: = 2.9 = 10V

1)
(Y]

N=03gx81x10" gl x 0.012/100
=29 x 10"

(&)
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g‘;ﬁ:‘;ﬂ: Acceptable answers Additional guidance Mark
(i) ) In2=/1x125x 10° years
* useofln2=in; @) | =4x(1.25 % 10° x 365 x 24 x 60 x 60) s
- - 1=1.76 = 10V g
L r= N ’ - ;
* '&‘gigg activity = 2N (ecf fom @ |A4=176x%10"s!x29x 10"
=51Bq
e activity = 5.1 (Bq) (use of show 1)
that value gives 5.3 Bg) 3
%‘;::E:: Acceptable answers Additional guidance Mark
(iid) MP3 can only be awarded if Activaty
ESE l?f CO‘-U(-';T rate = {leﬂ}mtﬁ - (1) ﬁgm (11) 15 used. A ;le:u Comparison
ackground counts) / time with the corresponding value nmst be
.. made
Eli;;ﬁjl ates percentage of activity from (1) | eg percentage =0.8% whichis<7.5
L T 3
) ; or . %o 50 not efficient
(C;;(Ephes 7.5% to activity from Or detects 176 but should detect 379
counts in 10 nun, so not efficient
Comparative statement consistent with (1) | Or should detect a rate of at least 0.63
their values Bq. so not efficient
Example of calculation
Recorded count rate = (176 - 150) =
600 s
=0.04Bq
0.04 Bg = 100 = 5.1 Bq
=0.78 % 3
{ecf from (b)(11) for MP3)
%ﬁ:;g:: Acceptable answers Additional guidance Mark
(iv)
Max two from
emissions are in all directions @
some enutted particles may be 1)
absorbed by the material in the sample
some emitted particles may be 1
absorbed by the window
some emutted particles pass (nght) (]}
through detector ™

Q3.
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Question

Number

Acceptable answers

Mark
Additional guidance

O

Use of A T=2.898 x 107 m K

... with sensible temperature
expressed in Kelvin

E.g Amw=9.89 x 107% m for 293
K

WValue 1s greater than max
wavelength of red light so 1s
IR region

(if starting from 700 nm)
Use of Apee T =2.898 x 107 m K
T=4100K

Comparison with stated sensible
temperature (°C or K)

Temperature is too high so
wavelength greater than max
wavelength of red light so 15 1

IR region

@
(D

(1)

ey

Example of calculation

imaxl=2898 x 107 mK
imex=2898 % 10" mK/293K
imaz=989 % 10°m

MP4 consistent with calculation

Q4.

Question
Number

Acceptable answers

Additional guidance

Mark

(a)

« use of second
correct ray

¢ indicates image
formed where rays
Cross

inverted and
diminished

o use of a correct ray (1)

(1)

(1)

e image drawn is real, (1)

Correct rays are:

Ray through the principal focus and
parallel to the principal axis
Ray parallel to principal axis then

through the principal focus
Ray through the optical centre of the
lens

Example of diagram:

e
-

Dbiect

Imaga

(4)
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Question

Acceptable answers
Number P

Additional guidance Mark

for u estimate 4 — 10
mim

e uUseof P=1/f

(b) e useof1/f=1/v+ 1/u (1)

(1)

Example of calculation:
Assuming the thickness of 8 mm:

1/f = 1/0.008 + 1/0.045
pP=1/f

pP=147D

Full credit for any thicknesses in

e P=(120Dto230D) (1)|range 4 - 10 mm
(3)
Q5.
g:?;g::‘l Acceptable answers Additional guidance Mark
D In the dark the resistance of the LDR will be very large so a little below 6 V 1

practically all the potential difference of 6V will be across 1t.

A assumes the resistance of the LDR decreases to almost zero
B assumes the resistance of the LDE. decreases a little
C assumes the resistance of the LDR increases a litile

Q6.
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i taa Acceptable answers Additional guidance Mark
number
= This question assesses a student’s Guidance on how the mark scheme should
ability to show a coherent and be applied:
logically structured answer with
linkages and fully-sustained The mark for indicative content should be
reasoning. added to the mark for lines of reasoning.
o For example an answer with five indicative
Marks are awarded for mdtcatn:c marking If oints which is partially
content and for how th:e ANSWEL 13 structured with some linkages and lines of
stmctu_red and shows lines of reasoning scores 4 marks (3 marks for
feasomng. indicative content and 1 mark for partial
The following table shows how structure and some linkages and lines of
reasoning ).
the marks should be awarded for
indicative content. If there are no linkages between points, the
same five indicative marking points would
Number of Number of vield an overall score of 3 marks (3 marks
indicative marks awarded for indicative content and no marks for
marking for indicative linkages).
points seen in | marking points
answer
6 4 6
5—4 3
3-2 2
1 1
0 0
Question - . _
Acceptable answers Additional guidance | Mark
number
= The following table shows how the marks should
(continued) | be awarded for structure and lines of reasoning.
Number of
marks
awarded for
structure of
answer and
sustained
line of
feasoning
Answer shows a coherent and 2
logical structure with linkages
and fully sustained lines of
reasoning demonstrated
throughout
Answer is partially structured 1
with some linkages and lines of
reasoning
Answer has no linkages 0
between points and 1s
unstructured
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Question
number

Acceptable answers

Additional
guidance

Mark

* (continued)

Indicative content

As parachute opens (at B) the upwards force increases
Along BC the velocity 1s decreasing at a
non-constant rate

The drag 1s greater than weight (negative gradient)
The drag is decreasing (curved line)

Eventually the drag force balances the weight

No acceleration so line 1s horizontal
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Mark Scheme

Ql.

Question
Number

Acceptable Answer

Additional Guidance

Mark

Accuracy is (a measure of)
how close a
measured/calculated value 1s to
the true value

Precision is (a measure of) the
consistency of values obtamed
by repeated measurements

(1)

(1)
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Q2.

Question
Number

Acceptable Answer

Additional Guidance

Mark

An explanation that makes reference
to the following points:

High precision means a small
spread of values

High accuracy means close to
the true value

Any TWO from:

A 1s precise but not accurate
{as there 1s a small spread but
displaced from the centre of
the target)

B is both accurate and precise
(as there 1s a small spread
centred on the target)

C is neither accurate nor
precise (as there 1s a large
spread displaced from the
centre of the target)

D 1s accurate but not precise
(as there 1s a moderate spread
centred on the target)

(1

(1

(1

()

()

(1

Credit MP1/MP2 if the explanation
of hagh accuracy/precision 1s made
by reference to a relevant part of
the diagram.

Q3.
Question .. .
Acceptable answers Additional guidance Mark

number

An explanation that makes reference to the

following points:

* Light gates can record short times accurately (1)

OR with smaller uncertainty (1)
# Because human reaction time 15 not involved (1) 2

Q4.
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g:i;?;g: Acceptable Answer Additional Guidance Mark
. : . . 3
¢ Counting for | munute 1s too
short a tume (1)
Or he should count for at least
3 munutes (1)
* He hasn't recorded the (1)
background count rate
¢ More than one reading taken
and a mean calculated
Or should have taken more
than two readings (to calculate
mean)
Q5.
g:i:‘l];z: Acceptable Answer Additional Guidance Mark
MAX 5 3
An explanation that makes reference to the
following points:
¢ The student has calculated the coun
rate rather than the (1)
activity of the source M
¢ The counts haven't been corrected
for background (so (1)
there 1s systematic error in lus data)
¢ The GM tube 1s too far away from (1)
the source
L _ (D
* g-radiation won't reach the
GM-tube as 1t only has a short (1)
range i air
* FRadiation spreads out from the
source, so not all the enutted
radiation reaches the GM-tube
*  GM tube won't detect all the
gammas which enter 1t

Q6.
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Question
Number

Acceptable Answer

Additional Guidance

Mark

Use of half resolution
to calculate %o
uncertainty

% uncertainty in =3
* % uncertainty in 7

% uncertainty in p =
(% uncertainty in m +
% uncertainty in 1)

Use of % uncertainty
to calculate upper
value of density

Upper value of density
2506 (kg m™)

[2616 (kg m™) if
“show that™ value
used]

(5lass 15 in the range
and Quartz isn't, so it
may not be genuine

(1)
(1)

(1)
(1)
(1)

(1)

0.005 cm
———x100% =0.10 %
cm

% uncertainty in r= =06

05g

% uncertainty in m = 75 ¢

*100% =029 %

% uncertainty in p = (3 * 0.1%) + 0.20% = 0.50%

0.6
Range = im % 2580 kem—* = +155 kg m~?

Density range = 2565 — 2596 kg m™

Allow use of half resolution in
either » or m to calculate
minimum [ and maximum m
and then calculate maximum p
for MP1 — MP4

ECF from (a)

Q7.

Question
Number

Acceptable Answer

Additional Guidance

Mark

MAX 3

*  Voltmeter must measure
alternating p.d.s

Or voltmeter would indicate zero
fora.c.

+ A C voltmeter would give an
r.ms. p.d. directly

*  Voltmeter may draw current and
affect the circuit 1t was  connected
to

Or oscilloscope would have little
effect on the circuit it was
connected to

*  Accuracy would depend upon the
calibration of the voltmeter

* A (digital) voltmeter would give
better resolution than ~ measuning
trace height on an oscilloscope.

1)

(L

(L

)

(L

Accept “voltmeter reading would
change too fast to measure™
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Q8.

Question Acceptable answers Adt]ltmna] Mark
numhber guidance
(a) Any three from:
* Inconsistent precision for extension (1) Unce dtl_‘:f:: 1 of
Lack of precision on mass, should be shown to 3 DP (1) ?,uggeste yis
No evidence of repeat readings (1) OR there should be more | 18 far greater tha_n
readings to compensate for repeat readings being that expected in
inappropriate (1) practice
¢ Inconsistent intervals between readings (1)
3
Question Acceptable answers Ad'.]lmma] Mark
number guidance
(b) A description that makes reference to two of the following points:
¢ use of ficidual mark (1)
¢ eve close to liquorice lace to avoid parallax errors (1)
¢  Fixed metre rule close to lace (1)
¢ Use of set square to ensure rule vertical (1) 5
Questlor_\ Acceptable Answer Additional Guidance Mark
Number
(a)(i) axes and labels (1) | Example of graph:
60
suitable scale (1) R
50 -
. 40 o
all points plotted (1)
correctly 0 -
20 #H
: . G i
line of best fit drawn (1) ||— 10 Eee
= o0
0 200 400 600 800 10001200 14001600
I_..'A .-II'l'l
(4)

(a)(ii)

attempt to measure (1)
gradient using large
triangle

p = (0.035 - 0.041) (1)
Oom to 2 sf

(2)
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Question
Number

Acceptable Answer

Additional Guidance

Mark

(b)

Two problems identified

with solutions from:

« taking only one reading
could produce an
unreliable result

¢ 5o take repeat readings
of length and diameter

« metre ruler cannot be
used to measure the
diameter with sufficient
precision

OR metre rule can only
measure diameter at
ends of cylinder

¢ 50 use Vernier callipers
instead

« comment about non-
uniform shape

* 5o take repeat readings
at different positions/
orientations

(1)

(1)

(1)

(1)

(1)

(1)

Accept micrometer
giving precision of
0.01 mm for
diameter

(4)

Q1lo0.

Question
Number

Acceptable Answer

Additional
Guidance

Mark

(a) * laser light
should not he
aimed directly
into the eye

¢ as concentrated (1)
heam can cause
damage to the
retina

(1)

(2)
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il Acceptable Answer Additional Guidance Mark
Number
(b)(i) EITHER Do not award repeat
+ all x values should be readings, not appropriate
recorded to the same in this experiment (1)
number of decimal
places, so x; and x4 are
incorrectly recorded
(1)
OR
e all processed data should
be recorded to the same
number of significant
figures, so sin B for x1 is
incorrectly recorded
(b)(ii) 5 X B Example of
*« use of tant?_B [H = 229{:] (l} calculation:
tand =w={]_423
¢ sin@ = 0.390 (1) 1.75
L 8=229°
- siné = 0.3899 (2)
(b)(iii) | point plotted correctly and best (1)
straight line drawn through points (1)
Ysiil Acceptable Answer Additional Guidance Mark
Number
(b)(iv) . 51'11(:?:&, so gradient = A (1) ExamDI:le of calculation:
d d =————=333x10"m
3x107m
¢ gradient = 0.194 (1)
e use of d = 1/numhber of (1) 2=333%10"m=0.194
lines per mm =647+107m
(5)
e d=3.33x10°(m) (1)
e L=6.5x%x10"m (1)
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Question
Number

Acceptable Answer

Additional Guidance

Mark

(c)

An answer that makes

reference to two of the

following pairs:

» use a Vernier scale to
record x

* 5o that data to the
nearest 0.1 cm could
be obtained to reduce
the percentage
uncertainty

¢ use a larger grating to
screen distance

¢ so that all x values
would he greater to
reduce the percentage
uncertainty

« measure from nth
order on one side to
nth order on the other
side

+ so that the distance
measured is larger
hence reducing the
percentage
uncertainty in x

¢ use a grating with
more lines per mm

« so that values of x will

he greater to reduce
the percentage

uncertainty

(1)

(1)

(1)

(1)

(1)

(1)

(1)

(1)

Do not award
repeat readings, not
appropriate in this
experiment

(4)

Q11.

Question

Number

Acceptable Answer

Additional Guidance

Mark

» The data has to be
collected over a long
period of time

(1
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Q12.

g‘;i:‘;::‘ Additional Guidance Mark
¢ An error is the difference between the ) Accept calculated/'therr for measured
(measured) result and the true value result/value
Accept theoretical/actual value for
* Anuncertainfy is the interval/rangein (3 | frue value
which the (true) value can be
considered to lie 2
Q13.
Question Additional Guidance
Number e Whole guestion to be clipped together R
to allow full ECF
(i Micrometer (screw
gauge) Or digital calipers (1)
Because the measured
value indicates a
resolution of 0.01 mm (1 2
(ii) % uncertainty = 0.2 % (1) | Example of calculation:
0% uncertainty= o> ™ . 10096 = 0.20 %
b uncertainty= S5 mm =0
1
(1i1) % uncertamnty = 1.6 % (1) | Example of calculation:
0.5
% uncertainty= g %100 % = 1.56 %
20g 1
(iv) % uncertainty = 2.7 % Example of calculation:
[1 or 2 sf] (1) | % uncertainty = 0.7 %+ 1.6 % + (2 = 0.2 %0)
=27%
Allow ECF from
(a)(i1), (bii) and (b)(m) 1
(v) } i md®
Useof V=1L X = Example of calculation:
. 1) | +r m(2.52% 1075 3
Useof p= 2 Eli V= 0866 m x EE 430 10% m
_ 3.20x10%kg _ 3
Uncertainty in density = 200 kg P = tsaxiotms/200kgm
m oy
So maximum density 1s 7600 kg S 3y 27
m~ which is lower than the Uncertamty in p = (7400 kg m™ x 1:&:-::-:I
standard value =200 kg m™
Or comment consistent with
their calculated value (L
Allow ECF from (a)(1i) and
(b)) )
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Q14.

Q15.

%‘l;iz::,] Acceptable Answer Additional Guidance Mark
e Repeat readings can give very
sumilar measurements so value (1)
precise
In MP2 accept zero error
e Value is not accurate because or calibration or parallax 2

(1)

of a systematic error

error for systematic error
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Question
Number

Acceptable Answer

Additional Guidance

Mark

(i)

MAX 3

There 1s an inconsistent number
of decimal places (I

No evidence of repeats I
Range 1is too small (I

Not enough readings between 24
°C and 60 °C I

Four (pairs of) readings are not oy
enough

(i)

An explanation that makes reference to
the following points:

The (trapped) air may not have
been at the temperature of the

water

Because water temperature may

not be umform

Or because transfer of thermal (1)
energy through the glass takes

tume

The volume of the (trapped) air
column may not be proportional
to the length of the column
Because the bore of the glass tube
may not have been wmform

The temperature / length may be

read incorrectly (1
Because there may be a parallax

error when reading the (1)
temperature or length of the

trapped air column

(1)

(1)
1)

Mark any two pairs

Q1l6.

(1)

Any two from:

Stir water 1 beaker

Use digital thermometer Or temp
sensor & data logger

Put thermometer close to tube

Let tube reach thermal equilibrium
before taking readings

Use thermostatically controlled
water bath

Take reading in line with scale

1)

1)
1)
(1)

1)
(1)
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Questlor? Acceptable Answer Additional Guidance Mark
Number
(a) ¢ use of (1) Example of calculation:
1. 3 7 . _. =7
s=ut+—at” S=M}‘+lﬂf' '.a=m=?.4lms -
2 (0.45s)
(1)
¢« a=74ms3? (2)
dlseiil Acceptable Answer Additional Guidance Mark
Number
* (b) Guidance on how the mark

This question assesses a
student’s ability to show a
coherent and logically
structured answer with
linkages and fully-sustained

reasoning.

Marks are awarded for
indicative content and for
how the answer is structured
and shows lines of reasoning.

The following table shows
how the marks should be
awarded for indicative

content.
NMumber of Number of
indicative marks awarded
marking for indicative
points seen | marking points
in answer
6 4
5-4 3
3-2 2

scheme should be applied: The
mark for indicative content
should be added to the mark
for lines of reasoning. For
example, an answer with five
indicative marking points
which is partially structured
with some linkages and lines of
reasoning scores 4 marks (3
marks for indicative content
and 1 mark for partial
structure and some linkages
and lines of reasoning). If there
are no linkages between
points, the same five indicative
marking points would yield an
overall score of 3 marks (3
marks for indicative content
and no marks for linkages).
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The following table shows
how the marks should be
awarded for structure and
lines of reasoning.

Number of
marks awarded
for structure of
answer and
sustained line
of reasoning

Answer shows a
coherent and
logical structure
with linkages and
fully sustained
lines of reasoning
demonstrated
throughout

[l

Answer is partially
structured with

. 1
some linkages and
lines of reasoning
Answer has no 0

linkages between

(1)
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points and is
unstructured

Indicative content:

when the magnet falls
there is a rate of change of
magnetic flux linked with

the tube

the change in flux linkage
for the copper tube
induces an emf (Faraday’s

law)

the induced emf causes a
current to flow in the tube

the induced emf (and
current) are in such a
direction as the oppose the
change in flux linkage
(Lenz’'s law)

a force is exerted on the
magnet opposing its

motion

plastic is not a conductor
so no current is induced,
shorter time to fall through

the tube so teacher is (6)
correct
Question Additional
Number Acceptable Answer Guidance Mark
(c) An explanation that

makes reference to the
following:
o the slit will limit
the size of the
induced current

* hence a smaller
force will oppose
the motion of the
magnet

» 5o the time
taken to fall will
he less

(3)
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%ﬂﬁggp Acceptable Answer g{ﬁgg::::ael Mark
(d) An explanation that makes
reference to the following:
« manual timing will (1)
be affected by
reaction time
» the shorter the time
heing measured the (1)
greater the effect
that reaction time
will have (2)
Q1l7.
Question Additional euid Mark
aumber Acceptable answers itional gmdance | Mar
Diameter is only half a division on the scale (1) OR Allow for
diameter 15 measured to only 1 sf (1) identification of any
Hence there 1s a large percentage uncertainty in other valid problems
measurernent of diameter of 0_1'1 drop (1) _ and improvements
Since the volume of the drop 1s calculated by taking b
. 3 T ased on good
(diameter)”, the percentage uncertainty in volume hvsics. f I
becomes very large (3 x % uncertainty in diameter) (1) PRYSICS, for example
] . i ] - place metre rule
Suggestion for improvement: use a larger oal drop, use a o
(vernier) scale capable of reading to nearest 0.1 mm, across tray so that it is
project image of droplet to larger size (1) close to the surface.
Drop will not spread out as an exactly circular area, so
diameter reading may be inaccurate (1)
Suggestion for improvement: the diameter of spread-out
o1l drop should be taken a number of times across a
number of different directions and a mean calculated (1)
(]

Q18.
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Question

i Acceptable Answer Additional Guidance Mark
Number
s The measurement of resistance 1 MP1 accept use of 0.05 giving 0.3 %
has an uncertamnty of 0.6 % @ Example of calculation:
Uncertaimnty in
s The measurement of the length _ 010 o o
has an uncertainty of 4 % 1) =180¢ x100% = 0.55%
* The measurement of the diameter Uncer{t]a E],h o
has an uncertainty of 4 % M| = Jm 100% = 4.0%
1.25m )
* The % uncertainty in diameter is Uncertainty in
doubled grving the greatest (1) 001lm ) )
amoust of uncertainty nto the d= 027 %100% =3.7%
value for the resistivity <im 4
Q19.
g-::i::: Acceptable Answer Additional Guidance Mark
An explanation that makes reference to Example of calculation:
the following poinis: %% uncertamnty—
T ot ine = 1 0.1 cm )
» Uncertainty in each reading (1) _ «100 % = 0.8 %
0.05 cm (17.5-5.0) cm
¢ Uncertainty in 715 2 (1)
uncertamnty m each reading (1) Accept statement that uncertainty 3
. =01 em for MP2
* Hence percentage uncertainty =
08%
Q20.
Question Additional Guidance Mark
Number
Any two valid reasons that relate to E les:
+ the mstrument being used to make the 1 resolution of mmstrument. zero error,
measurement parallax error, reaction fime
« the way in which the measurement 1s (l)
made
* the quantity measured not being Vague statements that there will be
constant -
random errors or there might be
systematic errors not acceptable. 2
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Mark Scheme

Ql.

number of decimal places
+ raw data for & not shown

I:D;:::EE: Acceptable Answer Additional Guidance Mark
(1) e (£)0005 cm 1) 1
(1) Use of 2 x uncertainty (1) | Example of calculation 2

0.07 % [1 or2 sf] @ | o uncertainty inh = —— 2 005 «1q09,
) tyinh= ——7——— “o
ECF answer from (a)(1) ’ : (27.10 — 12.00cm)
% uncertainty in h = 0.066 %
(1) | MAX 2 2
+ No unifs given for 1/7 in table a
+ 1/rrecorded to more significant )
figures than r Y
* hrecorded to an inconsistent 1)
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Q2.

g“ﬁﬁm,] Acceptable Answer Additional Guidance Mark
umber
(i) s absolute (1) | Example of calculation
uncertainty in Absolute uncertamnty = 2 = 0.005 mm = 0.01
e mm 3
position * 2 . . 0.01 mm
=% uncertainty—= SE =x100%=0.2%
e % uncertainty = ) J-40 mm
0.2%
(if) e The edges of the Accept: the rings are not perfect circles
dark circle are not @ 1
clearly defined
Q3.
Question .. .
Acceptable answers Additional guidance Mark
number
Sensible estimate of uncertainties
from readings given (1) Example of calculation:
Adds percentage uncertainties (1) | 95U in L is (0.1/25.6) x 100 % = 0.4 %
Hence calculates uncertainty in | o170 £ 4 (1/320) x 100 % = 0.3 %
speed (1)
Candidate’s conclusion must %oU 1n speed 15 0.7 %
be _suppoﬂed by their B 328 x 0.007 =2
estimate of the uncertainties (1)
Speed=328+2
All three results are within the 4
calculated uncertainty so concludes
student B 1s correct
Q4.
3““&“,' Acceptahle Answer Additional Guidance Mark
Number
¢ (Take readings at) different
places/positions (1) 3
¢ (Take readings at) different
orientations/angles (1)

* Calculate a mean/average value (1)
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Q5.

g“er’d“,' Acceptable Answer Additional Guidance Mark
Number
There will be vanations in positioning (Accept any reasonable
the (jaws of the) micrometer. practical physics alternative)
or M .
There will be vaniations in the length
of the tube (at different points around
the curcumference of the tube)
Q6.
Question . .
Acceptable answers Additional guidance Mark
number

Calculates Bx 1 (1)
Calculate the percentage
uncertainty (1)

Suitable comment on

Weak conclusion becanse
only three readings (1) OR
no repeats (1) OR limited
range (1)

difference from expectation (1) Radius | Magnetic flux
/em density/'mT
80 0.63 5.04
95 0.52 494
11.0 0.46 5.06

Example of calculation:

BolU = (0.06/5.01) x 100% =1.2%

Q7.
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Question
Number

Acceptable Answer

Additional Guidance

Mark

MAX 3

A comment that makes reference to
the following points:

¢ High precision means a
small spread of values

¢ High accuracy means close
to the true value

e The student 15 actually
referring to the resolution of

the balance

® (The student should have
stated) there was a low
uncertainty in the value of
the force
Or a lugh resolution doesn't
guarantes accuracy/precision

1)
1)

1)

1)

Q8.

Q9.

Question

Number Acceptable Answer

Additional Guidance

Whole guestion to be chipped together

to allow full ECF

Mark

Calculation of mean
value

¢ Useofl = mw

¢ =481 mm (3 sf)

(1) .

(1)

(1)
(1)

Example of calculation:
(15.3415.2415.4+15.3)
= 15.3 mm

w =

4
= mx15.3 mm=48.1 mm

(ii)

¢ C(Calculation of half range
Or greatest deviation
from mean

¢ % uncertamty = 0.7 %
Allow ECF from (a)(i)

1)

(1)

Example of calculation:
15.4 mm -15.2 mm

Half range value = =0.1 mm

2

0.1 mm

% uncez'tainty= m

®100 % = 0.65%

(iii) ¢ Useof L= NIlwith
N=16aor 18
e [ =866 mm [0.866 m]

Allow ECF from (a)(i)

(1)
(1)

Example of calculation:
L=18 ¥ 48.1 mm = 866 mm
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Question

Number

Answer

Mark

(a)(@)

Max2

Inconsistent number of significant fipures or decimal places
Or results recorded to different precision /resolution

No repeat readings

More readmgs needed up fo 1.5 cm

(1)
(1)
(1)

(a)(ii)(1)

Attempt to use Fr= constant

Correctly finds two values of 7 from values in table and makes
comiment

Or vses F¥ value with another  or ¥ to confirm corresponding value
and makes comment

Example of calculation

r/em Vv rF cmV
1.0 0.725 0.725
15 0483 0725
2.0 0.363 0.726
25 0.29 0.725
30 0242 0.726
35 021 0.735

(1)

(1)

(a)(ii)(2)

The graph would be a straight line graph through the origmn.
(accept a sketch of a straight line graph going through the origin graph)

(1)

(b)(D)

Anemf 15 (induced) when there 1s a changing (magnetic) field/flux.

Because the current 1s constant there is a constant magnetic
field. Or Because the current 15 constant there 1sn°t a changing
magnetic field.

(1)

(1)

(b)(ii)

Movement of either the coil or the wire

Use an alternating current/signal/supply/AC

Switch the current onfoff Or change current e.g. use of variable
resistor

(1)
(1)

(1)

L]

Taotal for question

10

Q10.
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Q1l1.

g:i;?;g: Acceptable Answer Additional Guidance Mark
@)a) Use of P = VI (1) | Example of calculation 2
P=1300 W(1.9KW) D | p=230vx820a=1890 W
(a)(ii) e Use of AE = mcAd Example of calculation 3
¢ UseofP =% @ | Ar = 0.655 kg X 4190 J kg *K™?
o At=112s50r113s[106s or 107 (0 X (100 — 22.5)K
s 1f show that value used] AE =213 X 10°]
ECF from (a)(1) (0
_213x10%) o,
1890w o7
‘%:i:]]:: Acceptable Answer Additional Guidance Mark
(b)(i) *  After a short time of boiling in 1
the flask, all the apparatus would
be at 100°C.
Or so energy is not being used to (1)
heat up the flask
Or so steam won't condense in
the flask
(b)(ii) . _ 1 Example of calculation 3
o Useof AE =mlL (1) Am 95107 kg
* Useofp=2 @ |74 77 1255
(1) | =7.6x10"*kgs™*
e 1720W(1.72k AE
( W) — =76xX10"%*kgs!
At
® 2.26
W% lGEJ kg—:l
P=1720]s!
(b)(iii) ¢ Comparison of answer to (a)(1) E'I"g" rate at Wh"dl_ mm FOETEY 15 3
with answer to (b)(ii) (1) | supplied to the water m the flask 1s
greater than rate at whach thermal
* Not all of the energy from the energy 1s removed from the water
heater 1s used to tum water from i the heat exchanger.
liquad state into vapour (1)
Or energy 1s being used to heat If answer for ( b){u) 1s bigger
the heat exchanger (1) | than 2 KW.1 mark for correct
Or not all the steam condenses in comparison can be scored.
the heat exchanger
* Some energy 1s transferred to the
surroundings
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Question

Number Acceptable Answer Additional Guidance Mark
(1) ¢ Toreduce the effectof (1) 1
random errors
(11) o Use of data to calculate Example of calculation: _
(0.112+0.116+0.118+0.123+0.125)
mean value (1) W= 5
¢ TUse of half range = 06 11!? radﬂsl_lf
Or Use of greatest Half range value = "+ =0.0063
- _ 0.0065 mm )
deviation from mean (1) | - %o uncertamty= ————— =100 % =5.5"% 3
0.119 mm _
* % uncertainty in range Use of greatest deviation from mean gives
59%
3 % to 6% consistent ’
with student’s working @
(1 or 2 SF)
(iid) » % uncertainty i o 1s (1) | Don’t penalise sf in both (11) and (1)
doubled Example of calculation:
3
e %% uncertamnty = 11 % 1
to 13% consistent with @
student’s working (2 or
3 SE)ecf from (b)(11))
Q1l2.
Question Acceptable . . ‘
Number Answer Additional Guidance Mark
% uncertainty (1) | Example of calculation
calculated ford or ¢ m
unceriamty m d = 1-3 =x100% =0.77%
% uncertainty i
calculated for cross (1) | - uncertaintyin4 = 2 X 0.77% = 1.5% 3

Q13.

sectional area

Uncertainty in
volume = (£) 4%
[accept 4.0%]

(1)

] ) .05 mm
uncertainty m t= ————x100%=2.5%
mm

~ uncertainty in V=15%+ 2 5% = 4.0 %4
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Question Acceptable L. . ‘
Number Answer Additional Guidance Mark
Useof V =mr’t (1) | Example of calculation
. v 2, (1.3»:10'3 m‘)“ > 103
_m =mret=m|——| X2 x m

Useofp = S to ) 9 ,
find m & V=2.65%x10"m3

m = pV=7900 kg m>x2.65x10"m>
Useof 05%to find ) | . m=2.10x107kg 4
total mass needed 0.1g

TR 0.5%
Number of dises = (1) 01g
10 M= =20

0.5
100
20
«~ number of discs= ——=9.5
2.10¢g
Q14.
Question - . -
Number Acceptable answers Additional guidance Mark
3

Q15.

+ (Faint and difficult to see, so may
not be seen at the correct p.d. and) @)
recorded p.d. could be too high

+ (Range of frequencies could mean )
light is seen before the light at the
stated frequency and) recorded
p.d. could be too low

+ Discussion of these poinfs, e.g. 1
opposite effects, could cancel or
could be systematic errors and not
affect gradient
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(I:‘!JLLllerﬁEgp Acceptable Answer Additional Guidance Mark
(a)(i) |+ reference point so that (1)
reliable timings can be made
¢« end of metre rule will be (1)
travelling fastest at its
equilibrium position (so
uncertainty is determining
when rule is at this position
is least)
(2)
(a)(ii) | » calculate average time (1) | Example of calculation:
period for each ruler _1935+1915+193s
[T1=0.962s, T2 = 1.072 s] L= 60 =0.962s
21.354+2155+215
- (1) | 1, = 22321082008 ) g
e use of T% - 60
, M E T
I"ew— — ==
e £ _ps0 (1) E E T
1 . \2
E, :iz‘ 0.9625 | 0504
E I; | 1.07s | (3)
Sl Acceptable Answer Additional Guidance | Mark
Number
(b)(i) T2 on y-axis and L3on
x-axis (or vice versa) (1)
(b)(ii) | An explanation that makes If axes reversed in
reference to the following: (b)(i), gradient =
s : , ) E/KM for full credit
o T'= , so gradient will (1) /
M -
be E (if T< plotted
against L3)
. E-= KM , if K is known
gradient
E can be determined (2)
bzl Acceptable Answer A-:Ic.iltlonal Mark
Number Guidance
(c) An explanation that makes
reference to the following:
¢« time a larger number of (1)
oscillations (2)
(1)
¢ as the greater the total
time the smaller the %
uncertainty
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Qle6.

e Acceptable Answer Additional Guidance Mark
Number
(a) calculates mean (1) | Example of calculation:
value of time Average time, tav = (0.45 s +0.51 s
s—m+£ar3 +0.435)/3=0.465s
use of 2 (1) .5'=m‘+lm‘: C.a =w=9.45ms']
2 (046s)
a=95ms*to (1)
2/3 sf
(3)
%ﬁf}'ggp Acceptable Answer Additional Guidance Mark
(b) _u:alcula_tes % uncertainty (1) Example of calculation:
in t using range / half-
range Or calculates Uncertainty int =
uncertainty in s using (0.04/0.46) x 100% = 8.7 %
precision of instrument R
Uncertainty int= = 2 x 8.7 %
doubles uncertainty int (1) | = 17.4 %
tainty | _18% (1) Uncertainty in s =
uncerfainty ina = 16 % (0.01/1.00)x 100 % = 1 %
Uncertainty ing = 18.4 %
(3)
Lot Acceptable Answer Adc_lltlonal Mark
Number Guidance
(c) ¢ % uncertainty in t (1)
would decrease
¢ longer times 1
identified as key (1)
factor in reducing
uncertainty in value
obtained for g
(2)
Q17.
?{u“;i';::_l Acceptable Answer Additional Guidance Mark

Measured diameter in multiple
places / orientations

and calculate a mean
Calculating a mean reduces the )
effect of random error

(0

Treat references to resolution of
instrument and thickness of wire
as neutral

=
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Q18.

gt‘:ig:: Acceptable Answer Additional Guidance Mark
@ An explanation that makes reference to the
following points:
* Jdentify when the distance fallen
between frames has become constant O
* Measure the distance fallen over a
number of frames
Or measure the distance fallen
between frames a number of times
and calculate an average distance (1)
* (Calculate terminal velocity by MP3: Allow reference to
dividing the distance fallen by the v = Z to calculate terminal
: - r
time taken (1) | velocity
* Tse % s as time between frames. (1) 4
(i) An explanation that makes reference to the
following points:
* There may be parallax error in reading )
the ball position
Or the metre rule may not be vertical
, Recorded distance may be
* Recorded distance may be greater less than actual distance, so
than actual distance, so calculated terminal velocity would be
termunal velocity would be greater less than true value
than true value. (1)
OR
¢ The frame rate may be not be 60 57! (1) | Time between frames may
* Time between frames may be less than 1;:121?:;;3:; L 60 Sll-je?lociry
1/60 s, so calculated termunal velocity E‘m be less than frue value
may be greater than true value (1) y : 2
Q19.
g:ll::‘: Acceptable Answer Additional Guidance Mark
s Systematic (error) (1) 1
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Q20.

g::::z: Acceptable Answer Additional Guidance Mark
(1) ¢ Line of best fit drawn Example of calulation 3
+ Value of 1/r calculated 1 1 01 1
—=———=91mm
* h=138cm r  0.11mm
(1) e There are only 4 points, which 1sn’t 4

Either

enough to form a firm conclusion
The range of the points is
insufficient to form a firm
conclusion (no data between 0.0
and 6.0 on x-axis)

h= %sugge&ts a straight line
through the origin

the points plotted do liein a
straight line

k )
h= - suggests hr is a constant

This is approximately true (k=1.5)

(1
(1)
(1)
(1)

(1)
(1)

Credit there may be systematic
error in /1 causing the points to
be displaced
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Mark Scheme

Ql.
Question Acceptable answers Aﬂt-lltlﬂlla.l Mark
number guidance
(a) Any three from:
¢ Inconsistent precision for extension (1) Unce ty
Lack of precision on mass, should be shown to 3 DP (1) _suggested by 1 sf
No evidence of repeat readings (1) OR there should be more | 18 far greater tha.n
readings to compensate for repeat readings being that expected 1n
inappropriate (1) practice
* TInconsistent intervals between readings (1)
3
Question Acceptable answers Adlllltmna] Mark
numhber guidance
(b) A description that makes reference to two of the following points:
¢ use of ficidual mark (1)
¢ eve close to liquorice lace to avoid parallax errors (1)
¢ Fixed metre rule close to lace (1)
¢  Use of set square to ensure rule vertical (1) 5

Q2.
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%:E;ng_l Acceptable answers Additional guidance Mark
For the proton beam
Proton beam deposits more energy in (1) | Accept converse statement for both
ur th:m the X-ravs marks related to X-rays
fumo . 2
Proton beam results m less energy (1)
absorbed by surrounding tissue compared
to X-rays
Q3.
Question Acceptable Answers Additional Guidance | Mark
Number

&

This question assesses a
student’s ability to show a
coherent and logically structured
answer with linkages and fully-
sustained reasoning.

Marks are awarded for indicative
content and for how the answer
is structured and shows lines of

reasoning.

The following table shows how
the marks should be awarded for
indicative content.

Number of | Number of
indicative marks
marking | awarded for

points indicative
seen in marking
answer points
6 4
5-4 3
3-2 2
1 1
0 0

Guidance on how the
mark scheme should
be applied:

The mark for indicative
content should be
added to the mark for
lines of reasoning. For
example, an answer
with five indicative
marking points which
is partially structured
with some linkages and
lines of reasoning
scores 4 marks (3
marks for indicative
content and 1 mark for
partial structure and
some linkages and
lines of reasoning).

If there are no linkages
between points, the
same five indicative
marking points would
yield an overall score
of 3 marks (3 marks
for indicative content
and no marks for
linkages).
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The following table shows how
the marks should be awarded for
structure and lines of reasoning.

NMumber of
marks awarded
for structure of

answer and

sustained line
of reasoning

Answer shows a
coherent and
logical structure
with linkages
and fully 2
sustained lines
of reasoning
demonstrated
throughout

Answer is
partially
structured with
some linkages
and lines of
reasoning

Answer has no
linkages
between points 0
and is
unstructured

Indicative content

the capacitor can be charged

to a higher p.d. than that of

the battery

storing larger amount of energy
on capacitor as predicted by

E = 1aCv?

with a low resistance in the bulb
the capacitor discharges rapidly
this produces enough power, P =
W/t to produce the flash

use of T = RC to estimate a value
for T (1 ms)

comparison of time constant with
4 ms

Example of calculation:

T=60x185puF=1.1ms
Accept 5T = 4 ms

(6)

Q4.
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Question

Number

Answer

Mark

(a)(@)

Max2

Inconsistent number of significant fipures or decimal places
Or results recorded to different precision /resolution

No repeat readings

More readmgs needed up fo 1.5 cm

(1)
(1)
(1)

(a)(ii)(1)

Attempt to use Fr= constant

Correctly finds two values of 7 from values in table and makes
comiment

Or vses F¥ value with another  or ¥ to confirm corresponding value
and makes comment

Example of calculation

r/em Vv rF cmV
1.0 0.725 0.725
15 0483 0725
2.0 0.363 0.726
25 0.29 0.725
30 0242 0.726
35 021 0.735

(1)

(1)

(a)(ii)(2)

The graph would be a straight line graph through the origmn.
(accept a sketch of a straight line graph going through the origin graph)

(1)

(b)(D)

Anemf 15 (induced) when there 1s a changing (magnetic) field/flux.

Because the current 1s constant there is a constant magnetic
field. Or Because the current 15 constant there 1sn°t a changing
magnetic field.

(1)

(1)

(b)(ii)

Movement of either the coil or the wire

Use an alternating current/signal/supply/AC

Switch the current onfoff Or change current e.g. use of variable
resistor

(1)
(1)

(1)

L]

Taotal for question

10

Q5.
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R Acceptable answers Additional guidance Mark
Number
(a) e use of W= VIt (1) | Example of calculation:
W=247V =« 11.8A x 1725
e use of AE = mchAf (1) | =501 0001
AE =1.20 kg = 4180 1 kg1
¢ use of efficiency = (1) | K1 x (101 -11)
useful power K =451 0001
e output / total Efficiency = 451 000 / 501
power input 000 = 0.90
e efficiency = 0.90 (1)
Or 90%
(4)
%ﬂﬁggp Acceptable answers Additional guidance Mark
(b) ¢ calculates area (1) | Example of calculation:
of sphere of Area = 4n x (0.3 m)< = 1.13 m?
radius 30 cm P=10.5%x 103Wm < x 1.13
=1.13 m? m<=1.19 x 102 W
W=1.19 x 102 W x 172 s
e use of I = P/A (1) = 2.0
e useof W=~t (1)
e W=201] (1)
(4)
Sl Acceptable answers Additional guidance Mark
Number
(c) An explanation that makes Allow 1 mark if the student
reference to the following: gives a comment that the
uncertainties are too high
+ the guiet boil electric (1) | to draw a valid conclusion
kettle is more efficient, without reference to the
but only by 3% which data in the question, the
isn't ‘much’ candidate’s calculations
may be awarded one mark
+ the energy transferred (1)
by sound is very small,
50 it is not the reason
for the difference
(2)

Q6.
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Question
Number

Acceptable Answer

Additional Guidance Mark

@

An explanation that makes reference to
the following points:

¢ Radiation 1s absorbed/scattered
passing through the atmosphere. (1)

¢ Radiation 1s reflected from the
top of the atmosphere

¢ Only half of the Earth’s surface
has radiation from the Sun
incident on it at any one mnstant.

()

¢ The mtensity of radiation (1)
{normal to the surface) 1s greater
at the equator than at the poles. )

() ¢ Useof A=4mn/”

¢ Use of efficiency=

o Useofl = E

* % of surface needed 15 0.0003%. so
claim 15 not valid

useful power output

total power input

[Accept reverse calculation to show
power generated by cells over 0.5% of
the Earth would generate 1.06 = 10°
GW]

(1
(I
(I

(D

Example of calculation:

A==
I

__ 1000w
S0 x16awWmz oo

A=4m % (6.4 % 10°m)?
= 5.15 x 10**m?

% needed =

2.44%10°m?
STex ot o X100% = 0.00047 %
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Mark Scheme
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Q1.

Question o P . ;
Number Acceptable answers Additional guidance Mark
s0 the proportion of unstable nuclel
does not change significantly over
fime 1)
Or activity does not change 1
significantly over tume
Q2.
Question Acceptable Answers Additional guidance | Mark
Number
Maximum 3 marks
¢ There cannot be a p.d. across hisbody (1)
e FElectric field strength mside cage 15 (1) | Accept reference to Faraday
Zero cage for MP2
3max
* As no potential gradient (1)
¢ Current/electrons/charge would (1)
conduct through suit
Or the current would not pass through
body
Q3.
Question A i Additional
cceptable Answel . Mark
Number - Guidance
(a) laser light (1)
should not he
aimed directly
into the eye
as concentrated (1)

heam can cause
damage to the
retina

(2)
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il Acceptable Answer Additional Guidance Mark
Number
(b)(i) EITHER Do not award repeat
+ all x values should be readings, not appropriate
recorded to the same in this experiment (1)
number of decimal
places, so x; and x4 are
incorrectly recorded
(1)
OR
e all processed data should
be recorded to the same
number of significant
figures, so sin B for x1 is
incorrectly recorded
(b)(ii) 5 X B Example of
*« use of tant?_B [H = 229{:] (l} calculation:
tand =w={]_423
¢ sin@ = 0.390 (1) 1.75
L 8=229°
- siné = 0.3899 (2)
(b)(iii) | point plotted correctly and best (1)
straight line drawn through points (1)
Ysiil Acceptable Answer Additional Guidance Mark
Number
(b)(iv) . 51'11(:?:&, so gradient = A (1) ExamDI:le of calculation:
d d =————=333x10"m
3x107m
¢ gradient = 0.194 (1)
e use of d = 1/numhber of (1) 2=333%10"m=0.194
lines per mm =647+107m
(5)
e d=3.33x10°(m) (1)
e L=6.5x%x10"m (1)
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Question
Number

Acceptable Answer

Additional Guidance

Mark

(c)

An answer that makes

reference to two of the

following pairs:

» use a Vernier scale to
record x

* 5o that data to the
nearest 0.1 cm could
be obtained to reduce
the percentage
uncertainty

¢ use a larger grating to
screen distance

¢ so that all x values
would he greater to
reduce the percentage
uncertainty

« measure from nth
order on one side to
nth order on the other
side

+ so that the distance
measured is larger
hence reducing the
percentage
uncertainty in x

¢ use a grating with
more lines per mm

« so that values of x will

he greater to reduce
the percentage

uncertainty

(1)

(1)

(1)

(1)

(1)

(1)

(1)

(1)

Do not award
repeat readings, not
appropriate in this
experiment

(4)

Q4.
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Question

close-up pictures of the planet

Number Acceptable answers Additional guidance Mark
@ ¢ use of F = Gmum/” and use of F MP3 andi!- - for force and angqla.r
— o d? - (1) | velocity. both approaches required
= mra
Or useof F = Grmma/i” and use E le of calculation
of F=mnv'/r =427/ Gm
e weof = Oruseof T= [1} T] - 4?[2 « (*) 430 000 m+ 7 690
2y 000 m)* / 6.67 x 10" N m? kg x
¢ =12 hours 330= 105 kg
Or £7= 10 Nby gravitational (1) | T=43115s=11.98 hours
approach and centripetal force
approach 4
Or @= 145 = 10 radians s by
gravitational approach and
circular motion approach
Or height of orbit = 7700 km
¢+ (Comparative statement consistent (1)
with their value(s)
(1) For each, the second marking point
Max 2 :
ax = _ 15 dependent on the first.
¢  Allows satellite to get (much) (1) | Award second marking point for
closer to surface other sensible advantages
s  Somore detailed (1)
photographs/scans possible
OR
¢ Allows satellite to spend tume 1)
further from the surface
*  So prevents exposure to (1)
prolonged heat from planet
damaging probe
OR 2
¢ Satellite varies distance from 1)
surface
® Soitcantake wide-angle and (1)

Q5.
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Question
Number

Acceptable answers

Additional guidance

Mark

Max 2

¢ normal car would have much more mass

¢ too much area of solar cell needed
so umpractical

« going uphill would need far more power

(1)

(1)

(1)

Q6.

%:;i‘;‘:‘l Acceptable answers

Additional guidance

Mark

Q7.

Any two from:

* (Cost of treatment reduced m the
long-term

* Better chances of success compared
with previous treatment

s Fewer side effects compared to

Previous
Or patient recover more quickly

(1)

(1)
(1)

=
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Question | Answer Mark
Number
(a)(d) | Use of Aty =In2 (1)
A=58x10% (s (1)
A
Use of = =—AN (1)
Ar
AN
— =(-)1.5x10°Bq [accept s Or counts 5'1]
Af (1 } 4
Example of caleulation
A= e =5.81x107"%s7"
(13824 x3600)s
N 5
i— =-581x10%s"x2.54x10" =-1.48x10°Bq
i
(a)() |Uscof N=N,e™ (1}
Fraction of nuclei remaining = 0.90 (1) i
10% of nuclei have decayed [accept 0.1 Or 1/10] ] 3
Example of calculation
t=21x24x3600s=1814400s
i _ —SED0T N1 81107 s
=g
N,
N 5
=e " =0.900
N,
Fraction decayed =1-0.9=10.1
(b) Idea that a-particles are not able to penetrate the (dead layer of) skin (1)
(from outside the body)
Damage/danger if energy i1s transferred to cells/ DNA
Or damage/danger to cells/DNA due to 1onisation ()| 2
()@ | 210 206 4
Top line correct (1)
1| 2
Bottom line correct
(c)(ii) | So that momentum is conserved (1) 1
(d) Spontaneous means that the decay cannot be influenced by any external (1)
factors.
Random means that we cannot identify which atom/nucleus will (be the
next to) decay
Or we cannot identify when an individual atom/nucleus will decay
Or we cannot state exactly how many atoms/nucler will decay 1n a set
time (1)
Or we can only estimate the fraction of the total number that will decay 2

in the next time interval
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(e) Idea that traces of the isotope will be exereted from the body (and
deposited in the surroundings) (1)
Idea that the half life i1s long enough for the activity to be detectable for a
long time (L) 2
Total for question 16
Q8.
Question | Answer Mark
Number
(a) A radioactive atom has an unstable nucleus (1)
which emits a. B. or y radiation [at least one of o By named] (1) 2
1 11 0_+
o - :Bre e
Top line correct (1)
Bottom line correct (1) 2
(c) Attempt at mass diference calculation (1)
Attempt at conversion from (M)eV to J (1)
AE=1.4x 103D (1) 3
Example of calculation:
AF=10 253.6 — 10252.2-0.5 = 0.889 MeV
AE=0.889 MeV x 1.6 x 10 ¥ IMeV' =142 x 10777
(d) The idea that the sample will not produce radiation for very long
(because carbon-11 has a relatively short half-life) (1)
B particles are not very ionising Or positrons are not very ionising Or
boron 1s safe in small amounts (1) 2
(e) Use of A1, =1n2 (1)
(1=5.68 x 107" s
Use of A= Ape™ 1)
Used =158 x 10°Bqin A=Ae™ (1
4p=1.2x10"Bq (1) 4
Example of ealculation:
69 g
B U s e
1220s
1.58%10° Bq=A {,-ﬁ.ssm“ s\x 60x60 5
) = A0
Ap=1.22x10"Bq
Total for question 13

Q9.
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QLTESTET Acceptable answers Adf_]ltlonal Mark
Number guidance
(i) | An explanation that makes

reference to the following:

e use a GM tube and
counter to measure the
number of counts in a
known time

¢ place a piece of
aluminium a few mm
thick between the
source and the detector

e« a and p will not
penetrate aluminium
but v will

e 5o the source that is
unchanged is Co 60 and
the one with a
decreased count is Ra
2206

OR

(1)

Answers may
refer to the use
of a ratemeter

instead of a
counter

(1)

(1)

(1)

use a GM tube and

counter to measure the
number of counts in a
known time

place a strong magnet (1)
near the source

a and p will be deviated (1)
but v will not
so the source that is (1)

unchanged is Co 60 and
the one with a
decreased count is Ra
226

(4)
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Question
Number

Acceptable answers

Additional
guidance

Mark

(ii)

An explanation that makes
reference to a precaution and
the reason for it
¢ make sure the source
remains at a distance of at
least 30 cm from your body
to minimise exposure
OR
make sure the source is
always pointed away from
vou to minimise exposure
OR
only use one source at a
time to minimise exposure

¢ the sources emit ionising
radiation which can be
harmful to your cells

(1)

(1)

(1)

(1)

(2)

Q10.

Question | Answer
Number

Mark

(a) Activity is the rate of decay of (unstable) miclei

Or activity 1s the number of (unstable) nucle: that decay in unit time

(1)
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(b)(i)

Background radiation/count will increase the recorded count

Or background count must be subtracted from the recorded count
Or background radiation contributes systematic error to the count
[Do not accept “to correct for background radiation™]

(1)

m)(i)

Radioactive decay is a random process (so count for a fixed period will vary)
[Iznore references to spontaneous, accurate, reliable]

Idea that repeating enables a mean/average value to be calculated

(1)

(1)

() (i)

In2
ty

Useof A=

Use of A= Aye ' [allow 2.5 Bq for Ag here; allow use of N = Nye™*']

4=047Bq

[Allow calculation of number of half lives elapsed
PR
f 1 VA s

and use of A:AO| El for mpl and mp2)
Y J

Example of calculation:
3
_In2 0693, ig664-
ty 8.0d

A= Aje™™ =638xe "8 S _ 38R % 0.074=047Bq

(1)
(1)
(1)

m)(iv)

Idea that people have to be close to or ingest seaweed for any degree of risk
Or j particles are moderately 1onising
Or [ particles can enter body through the skin

The half-life is short Or after a month the activity has decayed to negligible levels
Or the radioisotope doesn’t remain in the seaweed for very long

(1)

(1)

Total for Question
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Mark Scheme

Q1.
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Question

Number

Acceptable Answers

Additional guidance Mark

Use of m = E (1) Example of Calculation
11,1
Useof ===+-=
Fouw (1) | v=05x06m=03m
Usaan:J; (1) 1_ 1 4 1 4
Use of P = P, + P, = 5D therefore (1) f 0ém 03m
use one lens with power of 2 (D) r

and one with power of 3 (D)

Q2.

g:it;:? Acceptable answers Additional guidance Mark
(a) P—
* Vattop/start = '_3_1” L Alternative NS
Or IE'?':’Em“m potential drvider Constant Current () in wire (1)
Or Vincreases (by implication) (1) | p.d. across section of wire =fr between
Or I at bottom = 1.5V A and loop (1) 3
e Two sections of Wwire act as series Increases from 0V to 1.5V linearly (1)
resistors
Or R=pll4 1
Or comment about R proportional to
length
VR
1.5 R,
* potential difference proportional to @
length of wire
Question A ) " .
Number Acceptable answers Additional guidance Mark
) Example of calculation
) * Tangentdrawnat1.5s (1
*  Scales p.d. to give distance ) | Gradient= % — 0oyt
Os
*  Gradient determined using a base of As 1.5 V represents 2.00 m
triangle of at least 1.0 s
+v 2.00m
Or use of s = 5 Y) fandcorrect 7' (1) | y=09Vs!™ 15y 12ms’
= : 4
read from graph M

velocity=1.0ms? —1.3ms?!
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%:E;‘;:? Acceptable answers Additional guidance Mark
(c) ¢ (1) Example of calculation
*  Usotv=utar 15ms™ =12ms™ +ax05s
* Useofa=gsind @ 03ms™ 2
= a= T =0.6ms™
*  Calcolates a value fora, for v m ' 4
(using a SUVAT ANDa=gsm#é)
Valid comparison of their calculated @ 0.6ms™ =98lms™ sin &
quantity and the stated quoted f=36"
uncertainty.
Q3.
Question Acceptable Answer Additional Guidance Mark
Number

The replacement charger will still have
to supply the same charge (6510 C)

The replacement charging plug takes
more time fo charge

Or the old charging plug takes less
tume to charge

Replacement charging plug uses a
lower current therefore reduces heating
effect

The phone may try and draw a current
of 1 A which may damage the
charging plug

8y

oY)

8y

oy

MP1: may be awarded for use
of 6310 C in a calculation for

MP2

MP2 calculation to support this
using t = QT Or if the phone
uses 1A the time to charge will
be the same

Q4.
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(1f no gradient, award final mark for statement that p=RA4/1, p must be the
subject)

Question | Answer Mark
Number
(a) Resistivity 1s a property of a material Or 1s constant for a material (1)
Resistance 1s a property of a wire/component/object
Or Resistance depends on dimensions of a wire/component/object (4))] 2
* (b Circuit diagram
Wire and a power supply (accept resistor symbol for wire) (1)
Ammeter in series and voltmeter in parallel with wire (1)
(an Ohmmeter across a wire with no supply scores 2 marks, an Ohmmeter
across a wire with a supply scores 0 marks.)
(QWC- Work must be clear and organised n a logical manner using technical
wording where appropriate.)
Cuantities measured
Current and potential difference Or resistance (consistent with diagram) (1)
Length of wire (1)
Diameter/thickness of wire (not area or radius) (1)
Graph
Graph of R against / Or graph of ¥ agaimnst / (for constant ) Or Graph of R
against /.4 Or Graph of R4 against
(this mark 1s only awarded for a graph mcluding different values of length) (1)
Determination of vesistivity
Determine the gradient of a relevant graph (allow for a graph of V" against J) (1)
A=nd/40rd=nr (1)
Correct processing to find p consistent with the graph (1) 9

Q5.
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Question Acceptable Answer Additional Guidance Mark
Number
& Asthe speed increases, drag (1) | MP1: accept “air resistance’ for “drag’
Increases
¢ There 1s greater fuel
consumption to maintain a
higher constant speed
Or the fuel economy reduces
at higher speeds to maintain a
constant speed (D
* Statement linki_n_g fuel _ MP3 e.g. The efficiency of the engine
economy to engine efficiency (1) | may increase (with speed) but the fuel
economy decreases
Or vou can’t compare efficiency
which 15 a ratio with fuel
consumption/economy which 1s a
volume
3
Q6.
Lo Acceptable answers Additional guidance Mark
Number
o Useof F=1IR (1) | Example of calculation
18V
e Useof R=pl/4 (1) | Rem=5ggma — 18990
. o Rus=—¥ _=84210Q
e (Min) resistivity = 160 (Q m) #5207 A
Or (max) resistrvity = 730 (Q m) 1) pmzﬂ—w =1642
i 0.75 m
e (Compacted clay pathways and Qm
limestone are present in the soil (1) - B4 _84210x0650m® _ o9 g 4
T 0.75 m T
Om
conclusion to be consistent with
calculated values

Q7.
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Question | Answer Mark
Number
(a)(d) | Use of Aty =In2 (1)
A=58x10% (s (1)
A
Use of = =—AN (1)
Ar
AN
— =(-)1.5x10°Bq [accept s Or counts 5'1]
Af (1 } 4
Example of caleulation
A= e =5.81x107"%s7"
(13824 x3600)s
N 5
i— =-581x10%s"x2.54x10" =-1.48x10°Bq
i
(a)() |Uscof N=N,e™ (1}
Fraction of nuclei remaining = 0.90 (1) i
10% of nuclei have decayed [accept 0.1 Or 1/10] ] 3
Example of calculation
t=21x24x3600s=1814400s
i _ —SED0T N1 81107 s
=g
N,
N 5
=e " =0.900
N,
Fraction decayed =1-0.9=10.1
(b) Idea that a-particles are not able to penetrate the (dead layer of) skin (1)
(from outside the body)
Damage/danger if energy i1s transferred to cells/ DNA
Or damage/danger to cells/DNA due to 1onisation ()| 2
()@ | 210 206 4
Top line correct (1)
1| 2
Bottom line correct
(c)(ii) | So that momentum is conserved (1) 1
(d) Spontaneous means that the decay cannot be influenced by any external (1)
factors.
Random means that we cannot identify which atom/nucleus will (be the
next to) decay
Or we cannot identify when an individual atom/nucleus will decay
Or we cannot state exactly how many atoms/nucler will decay 1n a set
time (1)
Or we can only estimate the fraction of the total number that will decay 2

in the next time interval
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(e) Idea that traces of the isotope will be exereted from the body (and
deposited in the surroundings) (1)
Idea that the half life i1s long enough for the activity to be detectable for a
long time (L) 2
Total for question 16
Q8.
Question | Answer Mark
Number
(a) A radioactive atom has an unstable nucleus (1)
which emits a. B. or y radiation [at least one of o By named] (1) 2
1 11 0_+
o - :Bre e
Top line correct (1)
Bottom line correct (1) 2
(c) Attempt at mass diference calculation (1)
Attempt at conversion from (M)eV to J (1)
AE=1.4x 103D (1) 3
Example of calculation:
AF=10 253.6 — 10252.2-0.5 = 0.889 MeV
AE=0.889 MeV x 1.6 x 10 ¥ IMeV' =142 x 10777
(d) The idea that the sample will not produce radiation for very long
(because carbon-11 has a relatively short half-life) (1)
B particles are not very ionising Or positrons are not very ionising Or
boron 1s safe in small amounts (1) 2
(e) Use of A1, =1n2 (1)
(1=5.68 x 107" s
Use of A= Ape™ 1)
Used =158 x 10°Bqin A=Ae™ (1
4p=1.2x10"Bq (1) 4
Example of ealculation:
69 g
B U s e
1220s
1.58%10° Bq=A {,-ﬁ.ssm“ s\x 60x60 5
) = A0
Ap=1.22x10"Bq
Total for question 13

Q9.
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Question Acceptable Answer Additional Mark
Number Guidance
(i) as the lift accelerates the (1) | Accept force
accelerating force is equal provided by motor
to T-mg for the tension in the
Oor7T-mg=maorT= lift cable (T)
mg + ma
greater power when (1) | Accept correct
accelerating because there references to
is a resultant/accelerating frictional force (not
force. air resistance) e.g.
for MP1 T - mg -

lower power when at (1) | frictional force = ma
constant velocity as just
need to overcome weight
(of lift and passengers)
greater power as the (1)

number of passengers
increases because weight
(of lift + passengers)
increases (as well as the
accelerating force)

(4)
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Question
Number

Acceptable Answer

Additional Guidance

Mark

(i)

An answer that makes
reference to four of
the following:

Disadvantages

because it doesn't take
into account:

¢ mass of passengers
Or variations in load

+ additional power
needed to accelerate
lift

* assumes full power
used all the time

+ efficiency of the
motor

+ suitable reference to
other energy
consumption such as
lighting or
opening/closing
doors

¢ lift usage would
decrease/change if
there is more than
one lift

Advantages
because:

motors

building

Luse

(1)

(1)

(1)

(1)

(1)

(1)

s can give a basic
comparison between

e« ecnergy estimate will (1)
take into account
the height of the

¢ gives a value for
operational energy

To award all 4 marks
at least one mark
must be awarded for
the discussion of an
advantage

Allow credit for a
correct equivalent

point provided it has
a physics basis

(1)

(1)

(4)

Q1l0.
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Question
Number

Acceptable Answer

Additional Guidance

Mark

Must give at least one benefit to obtain full marks
Risks

¢ Increased speed produces increased kinetic energy
s0 more energy to dissipate in a collision (1) OR
collisions more likely to result in mnjury (1) OR
collisions more likely to cause damage to
vehicle/property (1)

* Human reaction time unchanged so thinking
distance is larger at higher speed (1)

* Greater likelihood of colliding with stationary
traffic (1) OR Greater hazard to stationary vehicles
(1) OR maintenance crews on the hard shoulder (1)

* FRoad surfaces need to be better maintained (1)

Benefits
¢ Shorter journey times (1)

* Cars on road for shorter time leading to less
congestion (1)

Allow credit for
correct equivalent
points provided
they have a physics
basis.
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