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Mark Scheme

Q1.

Q2.

L= Answer Notes Marks
number
(a) (turning handle makes) coil turn / rotate; reject if suggested that coil 3
rotation is due to motor
offoct
coil euts through; ignore ‘interacts with’
magnotic field (of the pormanent magnets);
(b) (i) | speed = frequency x wavelength; allow standard symbols and 1
roearrangemeonts
allow v, c, s for speaed
allow A for wavalongth
(i) | substitution; ignore units until evaluation 3
rearrangement;
ovaluation;
1 mark may be awarded in the
absence of any others for
correctly converting MHz to
Hz
POT error scores 2 marks
max.
o.g.
3.0x10% = 93 (x 10%) » wavelongth
wavelength = 3.0: 107 / 93 (= 10°)
(wavelength =) 3.2 (m) allow 3.2258__.(m)
{c) (i) | any four from: 4
MP1. loudspeaker (coil) has a current / magnetic
fiold;
MP2. intoraction botwoon magnetic fields; allows “interfores’ for interacts
MP3. causes a force to be oxorted on speaker
{cone);
MP4. a.c. changes direction;
MP5. force on speaker (cone) changes direction;
MP6. causes speaker (cone) to vibrate;
(i) | any one from: ignore references to adding 1

increase strongth of magnet;
use a larger current;

use more turns of wire on loudspeaker coil;

iron core

ignore “increase size of
magnet’

allow larger voltage (across
coil)

allow “more coils of wire'

Total for Question = 12 marks
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Q3.

Question

Answer Motes Marks
number
(a) any FOUR from: ignore references to 4
MP1. idea of magnetic field around coil (when induction
current flows);
MP2. idea of interaction botween fields of magnet
and coil;
MP3. idea of force on coil from magnet;
MP4. idea of alternating force on cone;
allow ‘tube’ for ‘cone’
MP5. cone vibrates;
MP6. idea that cone forcoes air to vibrate;
MP7. longitudinal wave formed; allow idea of series of
comprassions and
rarofactions
(b) (i) | substitution; p
avaluation; -1 for POT error
correct answer = 0.11 (W)
o.g. powaer = current = voltage = 0.15 « 0.75
power = 0.1125 W
(if) | suitable linear scale chosen (>50% of grid used); ignore orientation 3
axos labelled with quantities and units;
all plotting correct to nearost half square;
(iii) | attempt at fitting first two points and fitting rest of ocf candidate’s 2
points separately; plotting
single curve with a poak within one large square of
third point; max 1 mark for straight
line consistent with
candidate's plotting
(c) any FOUR from: 4

MP1. for diagram 4, cell voltage no longer shared;

MP2. means current through each loudspeaker is
doubled:
MP3. so current from supply is four times higher;

MP4. correct use of ‘R =V/I';
MP5. (so) total resistance is a quarter of that from
the soeries case;

accopt voltages in
parallel are the same
accopt voltage is
shared in diagram 3

accopt idea of current
from sach branch adds
to give total current in
coall

accept higher order
answors in terms of
sories and parallal
aquations

accopt calculation of
both circuit’s total
rosistance

(Total for Question = 15 marks)
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Question

Answer Notes Marks
number
(a) (i} | line drawn at 90 degrees to side of boat at point where | ignore normal inside 1
direction of travel touches boat; boat
(ii) | &6 (degrees); accept in range 64-68 1
degrees
(iii) | three wavefronts parallel and constant wavelength; by eye; 3
condone different
wavelength to
incident wavefronts
to the right of the normal and above boat surface;
correct angle of reflection; by eye;
\_:\_\
AR
allow ‘reflected ray’
if no other mark
awarded
(b) (i) | transverse (waves/particles) vibrate at right angles to allow 2
the direction of travel of the wave; “vibrations/oscillates
at.’
allow *‘perpendicular
to’ for “at right
angles’
longitudinal (waves/particles) vibrate along line of allow ‘energy
direction of travel of the wave; transfer’ for ‘travel"
allow *(anti-)parallel
to' for ‘along’
(ii) | wavelength or distance between wavefronts smaller; 3

speed of waves is constant;
reference to wave equation v=fi ;

if no other marks
awarded, 1 mark for
reference to Doppler
effect

(Total for Question = 10 marks)

Q4.
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Question

number Answer Notes Marks
{a) (i) | 36 (degrees); 1
(ii) | refractive index = sin{i) / sin(r); allow standard symbols 1
and rearrangements
a.g. n = sin(i) / sin{r)
(iii) | substitution; allow ecf from (i) 3
evaluation;
answer quoted to 2 s.f.; mark independently
o.g.
rofractive index = sin(61) / sin(36)
(refractive index =) 1.48799_.
(refractive index =) 1.3
(b) red refracts loss than violet; allow RA 3

correct link made betwoeen colour and refractive
indax;

correct link made botwoon wavelength and
refractive index:

allow red bends lass
than violet

o.g. red has a lower
refractive index than
violet

o.g. refractive indoex
decreases with
increasing wavelength

Q5.
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Sl Answer Notes Marks
number

(a) D (the Sun); 1
4 is incorrect because a comet is the smallest object
B is incorrect because the Earth is smaller than the Sun
C is incorrect because the Earth and the Sun are larger than the Moon

(b) A (alpha); 1
B is incorrect because beta is less ionising than alpha
C is incorrect because gamma is less ionising than alpha
D is incorrect because gamma has a higher frequency than UV so is more
ionising

() B (ohm); 1
A is incorrect because ampere is the unit for electric current
C is incorrect because volt is the unit for voltage
D is incorrect because watt is the unit for power

(d) D (x-ray); 1
4 is incorrect because infrared has a longer wavelength than ultraviolet and x-
ray
B is incorrect because microwave has the longest wavelength
C is incorrect because ultraviolet has a longer wavelength than x-ray

(e) C (273K); 1
A is incorrect because this is subtracting 273, rather than adding 273
B is incorrect because this is adding 3, rather than adding 273
D is incorrect because this is adding 373, rather than adding 273

Total for guestion =5 marks

Q6.
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Question

Answer Notes Marks
number
(@) (i) |sin(c)="1/n; allow rearrangements and/or 1
words for symbols
(if) | substitution; 3
rearrangement;
correct evaluation to 3 s.f.;
o.g.
sin(88.500) = 1/n
n = 1/sin(88.500)
n = 1.0003
answer of 1.00034... scores 2
marks
(b) (i) | straight line drawn passing into atmosphere above 2
normal line;
line bends towards normal; DOP
accopt any bond towards
normal however small
(ii) | angle of incidence is zoro; allow idea that ray ‘hits’ 2
atmosphere at 90°, ray is
travelling along the normal
angle of refraction must be zero also; allow angle of refraction is
equal to angle of incidenco
(iii) | any two from: 2
+ roforonce to speed = frequancy » wavalength;
+ froguency is constant;
+ speed docreases (so wavelength must
docroase);
(iv) | any one from:
+ idea that rays of light from different parts of
tha Sun refract by different amounts;
+ amount of refraction very large (when Sun is 1

close to the horizon);

Total for Question

=11 marks

Q7.
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de=iis Answer Notes Marks
number
(a) 3
thermometer part of spectrum
P infrared;
Q
R green / yellow; allow all valid colours/
visible
5
T ultraviolet;
(b) any reference to absorption; allow reference to 2
reflection
black is the better/best/good absorber; allow reference to
‘poor reflector’
(c) infrared/IR; 1
(Total for Question = & marks)

Q8.
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UIES IO Answer Hotes Marks
number
() i 4
el
w:ir«mainetw Use
S -
\\ /f # detacting forped banknotes. |
. //_'____, =1 ___using fluorescent lamps
[ LS
o "
]
EETIR et S
(b) skin burns; apply “list” principle 1
allow ‘damage to
skin cells'
(c) reduce time of exposure/ 1
increase distance from source/ apply ‘list” principle
introduce more material between source and person;
e.g.
suncream, clothing, sunglasses, staying indoors, stay behind
glass windows, only stay outside for 20 minutes without sun
protection
(Total for Question = 6 marks)
QoO.
uestion
Q Answer MNotes Marks
number
(a) waves change {speed / wavelength / allow waves bending 1
direction} when they change medium; allow any reasonable alternative
to ‘'change medium’ i.e. changing
(optical) density, pass from one
material to another etc.
(B} (i) | straight ray bent towards normal at the judge straightness of ray by eye 2
air-water boundary;
correct angle of refraction by eye;
{ii) | refractive index = sini / sinr; allow rearrangements and 1
standard symbols
e.g. n=sinif sinr
(ifi) | substitution; reject 45/33 2
evaluation to at least 3s.f.; reject 1.36

e.g.
(n =) sind5 / sin33
(n=)1.30

reverse argument scores 1 mark
only e.g. calculating i or rusing n

allow 1.298...
condone 1,29



https://stemup.co.uk

Q1lo0.

Question

Answer Notes Marks
number
(€} (i) allow ideas if clear from diagram 2
the angle of incidence (in the slower
medium);
above which gives total internal reflection | allow TIR for total internal
OR gives an angle of refraction of 907; reflection
0" s )
= Qean —» Taled Tfumsd
.'-;”' -
VAN
I A L .
/
(i) | sinc=1/n: allow rearrangements and 1
mixture of symbols and words
{iii} | substitution; 3
rearrangement;
evaluation;
e.g.
sinc=1/1.3
c=sin1{1/1.3)
{c=)50(% allow 50.3, 50.28...
(iv] | single straight ray reflected downwards any ray above water surface 2

from water surface;
angle correct by eye;

sCores zero
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LIl Answer Notes
number
{a) D (ultraviolet);
A is incorrect because frequencies lower than visible light are non-ionising
B is incorrect because frequencies lower than visible light are non-ionising
C is incorrect bacause frequencios lower than visible light are non-ionising
(b) one use for x-rays;
o.g. taking photos or detecting of (broken) bones, allow treating cancer /
internal structures (of objects), sterilising medical equipment
one use for gamma rays;
o.g. radiotherapy, sterilising medical equipment, allow treating cancer
reference to tracing, airport scanning of luggago,
irradiating food (for preservation)
{c) (i) | speed = frequency x wavelength; allow standard symbols and
rearrangements o.g.
A=v/f
condone s for speed
(i) | substitution;
rearrangement;
aevaluation; -1 for POT error
o.g,
3.0x10% = 2.8« 10" x wavelength
wavelength = speed / frequency
(wavelength =) 1.1: 107" (m) allow 1.07__x 107" {m)
(d) B;
A is incorrect because it shows an exponential relationship
C is incorrect because it shows a proportional relationship
D is incorrect because it shows no relationship
Q11.

STEMUP.CO.UK
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fe=si Answer Notes Marks
number
(a) ALLOW ideas if clear 2
from diagram
the angle of incidence (in the slower medium);
ALLOW TIR for total
above which gives total internal reflection internal reflection
OR
gives an angle of refraction of 90°; where light is refracted
along the media
boundary
(b) TIR in both prisms; 3
no refraction as ray enters and leaves prisms;
emergent ray parallel to incident ray;
- lighi sy

Q1l2.
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Question
number Answer Notes Marks
(a) 17 (degrees); Allow in range 15-19 1
degrees
(b) refractive index = sin(i) / sin (r); accept n or n for l
refractive index
accept any valid
rearrangement
(c) substitution; allow ecf from (a) 3
evaluation of either sine correctly;
evaluation;
e.g.
refractive index = sin(29)/sin(17)
refractive index = 0.484.../0.292... 0.48480962/0.292371705
refractive index = 1.7 1.6581961
(Total for Question =5 marks)

Q13.
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Question Answer MNotes Marks
number
(a) (i} | correctly reflected ray of light drawn at A; judge angle of reflection = 1
angle of incidence by eye
allow dotted lines, lines
without arrowheads
ignore lines inside the block
(i) | i=60(")% allow 39-61 inclusive 2
r=31 (") allow 30-32 inclusive
(ii)) | n=sin(i)/ sin(r) allow in words and 1
rearrangements
(iv) | substitution; allow ECF from (ji) 2
evaluation:
e.g.
(n =) sin(60)} / sin(31)
(n=)1.68 allow 1.61-1.75
(v) | any three from: ignore bald “repeat and 3
average”
MP1. take repeat readings at a specific angle; ignore "repeat investigation”
MP2. wary angle of incidence;
MP3. find mean values for one angle i / mean
refractive index;
MP4. plot graph of sin(i) against sin(r);
MP5. find refractive index from gradient of graph;
(o) ray drawn with smaller angle of refraction than red 3
light when it enters block;
ray bends away from the normal when it leaves the
glass block;
ray drawn parallel to red light as it leaves block;

Q14.
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Question

comes from the point of incidence;
correct angle of reflection;

judge by oyo

Answer Motes Marks
number
(a) protractor; 1
(b) (i) | any indication that the angle is betweeon the normal 1
and the incident ray;
(ii) | 79 (degroes); allow 78-80 (degrees) 1
acf from indicated
angle of incidence in (i)
o.g. 10-12 (dogrees) if
angle marked betweoon
ray and boundary
(iii) | any straight ray to the right of the normal that judge by oyo 2

Q15.
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Sl Answer Notes Marks|
number
(a) any two from: 2
MP1. ruler;
MP2. protractor;
MP3. named suitable light source; e.g. ray box, light box, laser
ignore torch
MP4. optical pin(s);
(b) (i) | ray drawn bending in the correct direction; 2
ray drawn parallel to ray bofore it entors the block; | judge by eyo
(ii) | normal drawn perpendicular to block’s surface judge by oyo 1
where light ray ontors; normal must be drawn in
both air and block
(iii) | angle of incidence = 44 (degrees); allow 43-45 2
angle of refraction = 26 (degrees); allow 25-27
{iv] rofractive index = sin (angle of incidence) ; allow standard symbols and 1
sin (angle of refraction) rearrangemonts
e.g. n = sin{i) = sin (r)
{v) | substitution; allow ecf from (iii) 2
ovaluation;
o.g.
(n =) sind4 / sinZé
(n=)1.6 allow range 1.5-1.7
(c) idea that multiple angles (of incidence) measured; 3
graph of sin(i) against sin(r) plotted; can be gained from diagram
ignore orientation of axos
gradient of graph = rofractive index; can be gained from diagram
reject if inconsistent with
graph. However, accept if
sin(r) on y-axis then gradient
=1/n
Total for Question = 13 marks

Ql6.
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Qﬂfﬂ:::p Answer MNotes Marks
(a) (i) | line drawn in top-right quadrant; accept if dravwn on 2
diagram 1 instead of
diagram 2
correct angle by eye; Dop
(i) | 32 (degrees); allow in range 1
31-33 (degrees)
(iii) | refractive index = allow standard symbols 1
sin(angle of incidence) / sin{angle of refraction); and rearrangements
e.g.
i for angle of
incidence
r’ for angle of
refraction
‘n’ for refractive index
(iv) | substitution; allow ecf from (ii) 2
evaluation to at least 3s.f.;
e.g.
n = sin(64) / sin (32)
n=1.70 allow 1.696...
(v) | sinfc)=1/n; allow standard symbols 1
and rearrangements
(vi) | substitution OR rearrangement; allow ecf from (iv) 2
evaluation;
e.g.
sinfc) = 1/1.7 OR c=sin"'(1/n)
(c =) 36 (degrees) allow 36.03...(degrees)
(b) | light undergoes total internal reflection; allow TIR for “total 3

internal reflection’
angle of incidence is above the critical angle;
light (would be) going from more (optically) dense
to less (optically) dense;

allow idea that light
would speed up if it
travelled through the
boundary / light travels
faster in air than in
material

Total for Question = 12 marks

Q17.
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Question

refracting away from the normal;

show doviation
reject if ray emarges to
the loft of the normal

Answer Notes Marks
number
(a) (i) | Ught {refracts, bends, changes direction, 2
changos spood, changes wavalength} = 1 mark;
light {refracts/bends towards normal, slows down,
wavelongth docroases} = 2 marks;;
(ii) | normal; 1
(iii) | sin{c) = 1/n; allow in words and 1
rearrangements
(tv) | substitution; 3
rearrangomaont;
ovaluation;
o.g.
sinfc) = 1/1.6
(c =) sin"{0.625)
(c=)39(°) allow 38.68_
{(v) | TIR at the glass/air boundary; allow ecf from (iv) that 2
would suggost
refraction o.g. if
answer to (iv) is groater
than 50°
angle of incidence = angle of reflection; judge by oye
(b) light ray is refracted out into the air; ray does not nead to 2

Q18.
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CQuestion

Answer Notes Marks
number
(a) (i) | normal drawn perpendicular to boundary at point | line can be drawn on 1
where ray of light is incident; either side of boundary or
passing through boundary
judge perpendicular by
eye
(ii) | straight refracted ray drawn passing into block refracted ray must be 2
and continuing path to the right; labelled
refraction drawn correctly; Dop
(iii) | straight reflected ray drawn reflecting from reflected ray must be 2
boundary and continuing path to the right; labelled
angle of reflection drawn equal to angle of DOP
incidence;
incident ray
of light reflected
},/’ ray
nonl'nal /’/
glass block
\\
refracted
ray
ib) any six from: allow any marking point if
clear on diagram

MP1. suitable light source; e.g. ray box, laser, light
box

MPZ. draw around block on paper;

MP3. mark point where light will enter block; allow idea of drawing
normal at point where
light enters block

MP4. shine light into block and measure angle

of incidence;

MP5. use of protractor (to measure angle);

MP&.  mark point where ray exits block;

MP7. use of ruler to draw path of (refracted)

ray;

MP8. measure angle of refraction;

MP9. repeat for different angles of incidence;

MP10. use of graph to show data;

Q19.
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Question
number

Answer

Motes

(a)

any five from MP1-MP7:

apparatus:
MP1. method of croating thin beam of light;

MP2. protractor;

method:

MP3. draw round the block:

MP4. shine light into the block at an angle to the
normal;

MP5. mark incident and refracted rays;

MP&. measure angles from the normal;

MP7. repeat for difforont angles of incidence;

PLUS

MP8. graph of sin{i} and sin(r) with n found from
gradiont

allow marking points from
diagram

o.g. lasor, ray box otc.
ignore torch

howover exprossed

allow simple use of
n=sin{i)/sin{r)

(b)

optical fibres;
named prismatic uso o.g. cats eyo roflector,
binoculars, periscope otc;

Q20.
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Question

critical angle;

critical angle for water is greater than for acetone;
refractive index of water is less than for acotone;

award full marks for a correct
calculation of the refractive
index of water with comect
conclusion

o.g.

Mwater = 1.33 < Nacetone

Allow correct conclusion with
Nyater = 0.79... for 1 mark
Max

rojoct response with
otharwise incorrect
calculation of Nuaear

Answer Notes Marks
number
(@) () |47 () 1
(ii) | sinfc)=1/n; 1
(iif) | substitution OR rearrangement; allow ecf from (i) 2
evaluation;
e.g.
sin(47) = 1/n OR n = 1/sin(c)
(n=) 1.4 answer is 1.37 to 3sf
if (i) is given as 43° then
expected answor is 1.5 to 2sf
.47 to 3 sf
(b) ray is refracting / anglo of incidence is loss than 3

Q21.
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Question

Answer Notes Marks
number
(a) (i) | any one from: 1
satollite orbits a planet/Earth, planet orbits a both aspects of the comparison
star/Sun; required
orbital radius/time period of planat is greater allow RA
than satollito; allow planot's orbit is largor
(ii) | any one from: 1
both orbit a planot/Earth;
both have sameo shape of orbit; allow circular or olliptical
{b) (i) | substitutionintov=2mxr/T; ignore units 4
conversion of 24 hours into seconds; allow 86400 seon anywhere
roarrangement and evaluation of orbital radius;
ovaluation of height;
o.g.
3A=2xmxr /24 x (60 x 60)]
T = (24 = 60 » 60 =) 86400 (s)
r=42628 (km)
(height = 42628 - 6400 =) 36000 (km) allow 36228.05996 (km)
(ii) | any three from: 3
MP1. spoed of waves constant;
MP2. if source moving away, wavefronts sproad allow RA for source
out / wavelength increases; approaching
MP3. speed = frequency x wavelength;
MP4. (higher wavelength and constant speed of allow RA for source
waves) givas lower frequency; approaching
(iii) | idea that there is no (relative) motion between allow distance to satellite from 2
point on Earth's surface and satollite; Earth does not change
(therefore) no wavelength/frequency change; DOP
Total for Question = 11 marks

Q22.
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%:::::: Answer MNotes Marks
{a) (i) | reflection; 1
(i) | substitution into speed = distance / time; ignore units 4
condone incorrect conversion
of time from 43 ms i.o. 43,
43/60, 43 = 1000, 43 = 60
rearrangement;
evaluation of correct total distance:;
halved to find distance to fish; accept wherever applied i.e.
to the time or to the distance
travelled.
e.g,
1300 = distance / 0.043
distance = spoad x time
(distance =) 64.5
(distance = 64.5 = 2) = 32 (m)
64.5, 65 = 3 marks (no
halving)
32250 etc = 3 marks (POT)
64500 etc = 2 marks (POT and
no halving)
(b) (i) | 3.0+ 0.5 (cm); accopt ‘3’ 1
(i) | any throe from: 3
MP1. all frequencies show reduction in amplitude
or intensity with distance;
MPZ. this reduction is non-linear; ignore ‘inverse proportion’
condone ‘(negativa)
exponential”
MP3. penotration decreases with increasing howaover exprossed e.g. 2MHz
frequency; penetrates more than 4 MHz
which penetrates more than
10MHz
MP4. wuso of data from graph to justify MP3; o.g. relative valuos at a given
distance
or distances at which the
freguencios are at a given
valuo
Q23.
Question Answer Additional guidance Mark
number
(a)(i) wave speed = frequency x equation can be given in

wavelength

words or symbols



https://stemup.co.uk

Question Answer Additional guidance Mark
number
(a)(ii) « Conversion of kHz to Hz OR seen anywhere
cm tom
+« Substitution
+ FEvaluation
e.g.
2.9kHz = 2900 Hz (1)
(v =) 2900 x 0.12 (1)
(v:=) 350 (m/s) (1) allow 348 (m/s)
0.348, 0.35, 34800,
35000 gains 2 marks
34.8, 35 gains 1 mark
3
Question Answer Additional guidance Mark
number
(b) A description that makes
reference to any four of the following
points:
+ |ong wavelength electromagnetic do not accept details of
waves/radio waves cause little harm | damage without
(1) reference to wavelength
« as wavelength increases, the or region of
harm/risk increases (1) electromagnetic spectrum
« medium wavelength/
IR/microwaves only damage the
surface layers/skin (1) allow correct specific
+ shorter wavelength/ultraviolet (UV) | details e.g. ultraviolet
can cause damage to {cells lower radiation causes sunburn
down/skin cancer} (1)
« very short wavelength
/¥x-rays/gamma can cause damage
{much deeper/mutation of
cells/damage DNAT} (1)
4

Q24.
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Question

Answer Motes Marks
number
(a) (i) | (average) speed = distance / time; allow standard symbols and 1
rearrangements e.g.
v=s/t
allow s for speed and d for
distance
(ii) | substitution; 2
avaluation;
o.g.
(speed =) 1860 / 5.6
(speed =) 330{m/s) allow 332.14._(m/s)
(ifi) | light travels faster than sound; allow idea that thoy travel at 2
different speeds but not that
sound travels fastor
he soas explosion before hearing it;
Allow RA
(b) vibrations (of particles) are parallel; allow oscillations for 2
vibrations
to direction the wave travels; DOP
allow diroction of cnargy
transfor
{c) (i) | kinetic energy = ¥ x mass = spead?; allow standard symbols and 1
rearrangements o.g.
KE = 14 = m x v*
(ii) | substitution; 2

avaluation;

o.g.
(KE =) 0.5 = 1.25 = 107 = 192007
(KE =) 2.30: 10" (J)

-1 for POT error

allow 2.304 = 10" (J)

Q25.
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Qnten:xp Answer Notes Marks
Any FIVE from:
MP1 reference to Doppler effect;
MP2  wavefronts are emitted at constant
frequency by buzzer;
MP3  wavefronts arrive at student (A) further
apart than when they were emitted;
MP4 distance between wavefronts is the Allow ‘wavelength
wavelength; increases’ if MP3 or MP4
not awarded
MP5 speed = frequency » wavelength;
MP6  speed of waves is constant;
MP7 as speed is constant and wavelength has
increased, frequency must decrease;
MPE decrease in frequency is experienced as a
decrease in pitch;
(Total for Question =5 marks)
Q26.
Question Answer Mark
number
(a) B
1
Question Answer Additional guidance Mark
number
(b)(i) Transverse allow any recognisable
spelling
1
Question Answer Additional guidance Mark
number
(b)(ii) Any transverse wave ignore waves on a
slinky unless correctly
e.g. clarified
electromagnetic
named part of EM spectrum
(surface) water waves
waves on a rope
seismic S waves 1
Question Answer Additional guidance Mark
number
(c)(i) wave speed = frequency x equation can be given in
wavelength words or symbols
1
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Question Answer Additional guidance Mark
number
(c)(ii) + Conversion of kHz to Hz OR seen anywhere
cm to m
* Substitution
+ Evaluation
e.g
2.9kHz = 2900 Hz (1)
(v =) 2900 x 0.12 (1)
(v =) 350 (m/s) (1) allow 348 (m/s)
0.348, 0.35, 34800,
35000 gains 2 marks
34.8, 35 gains 1 mark
3
Question Answer Additional guidance Mark
number
(d) An explanation including: Ignore references to
volume or loudness
+ frequency decreases (1)
« wavelength increases (1) Allow "pitch’ for
* (because) wave speed is constant frequency
(1)
3

Q27.

(Total for question =

10 marks)
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Question

Answer Notes Marks
number
(a) 40000 {waveos [ vibrations / oscillations}; allow 40000 wavelengths / 2
wavefronts
in 1 second / unit time; allow per sacond
{by (i) | (wave) speed = frequency » wavelength; allow standard symbols and 1
rearrangements e.g. A=v / f
condone s for spoad
ignore incorrect symbols e.g wl
for wavelength, ws for wave
spoad
(if) | substitution; 3
rearrangement;
ovaluation; POT orror = -1
correct answer with no working
gains full marks
o.g. 8.6, 8.62, 8.63, 8.625 = 2 marks
345 = 40(000) = A
A = 345/40 (000)
(A=) 8.6 x 10 (m) allow 9 » 10)3, 8.62 = 103, B.63 »
1003, B.625 » 10 (m)
(iii) | use of speed = distance/time seen or allow any rearrangement or in 4

implied;

factor of 2 sean;
substitution;
avaluation;

o.g.

speed = distance/time
distance should be doubled
345 = 4.70 = time

(time =) 0.0136 (s)

correct symbols

allowr d, s, x for distance
allow v for speed
condone s for spoad

0.007, 0.0068__ scores 3 marks
(no factor of 2 used)

allow 0.01, 0.014,
0.01362... (s)
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(c)

idoa that the person can seo/know what
(distance) they are measuring/eq;

o.g. marks the position that
(distance) is being measured to

(d)

any throo from:

MP1.

MP2

MP3

MP4,

MP5.

MP6.

sound is longitudinal light is
transvorso;

. sound vibrations are in the direction

of travel, light vibrations aro
perpendicular to the direction of
traval;

. light is electromagnetic, sound is not;

light can travel through a
vacuum/space, sound cannot;
light travels (much) faster (in air)
than sound:

light slows down in denser medium
but sound spoeds up;

allow points shown on a labolled
diagram

allow higher lovel ideas i.e. light
can be polarised but sound can't
allow reverse argument (RA) for

all marking points

can be given from diagram
showing longitudinal and
transverse waves

allow oscillations, displacements
for vibrations

allow direction of energy
transfor for direction of travel
allow sound is mechanical, light
is not

allovr sound neads a medium but
light does not

allow quoted speads for
comparison

Total for Question

Q28.

= 14 marks
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Question

MP1. frequency incroasos;

MPZ. due to Doppler effect;

MP3. idea that car behaves as the source of the

(reflectod) waves;

MP4. (roflected) wavefronts closer together;

MP5. (reflected) wavelength decroased;

MP6. speed (of waves) stays constant;

allow “waves bacome
bunched up”

allow guotation of
v=f=A

Answer Notes Marks
number
(a) (i) | acceleration = change in velocity / time; allow rearrangements 1
and standard symbols
o.g.a=v-u/t,
a=A0v/t, a= 0w/t
(ii) | substitution; 3
rearrangemaont;
avaluation;
e.g.
1.2=(35-26)/t
t=9/1.2
(t=)7.5(s)
(b) any four from: 4

Q29.
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Ll Answer Notes Marks
number
(a) one mark for each correct line drawn;;; allow line for reflaction 3
drawm to first or second
oxample diagram
Wawe behawius Euample allow two lines drawn from
raflaction to first and
- second diagrams only
petal el iefection \ Jr shuminium I'Qj@ct mark ]f t\-VCI l]n@ﬁ-
r'f drawmn from either TIR or
\ ,f refraction
\ ' L
o
melractian # .,
/ \\ :“
lect X alaez
(b) any two from: allow higher level common 2
properties e.g. diffraction,
intarference otc.
(all waves) reflect;
(all waves) refract;
idea that (all waves) transfer energy (without allow “information’ for
transferring matter); enorgy
(all waves) have amplitude/wavelength/frequency;
Total for Question =5 marks

Q30.
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Question

vibrations / oscillations;
correct relationship botwoon direction of

travel/enorgy transfer and direction of vibration for

both transverse and longitudinal waves;

scored from a suitable
diagram

allow movement of
particles / aq for
vibrations for this mark

Answer Motes Marks
number
(a) (i) | travel at the same speed (in a vacuum) / allow both transverse 1
can travel in a vacuum: waves, both transfer
energy, both
microwaves
(ii) | wavelength; allow idea of difforont 1
range / penetration
ignore amplitude
(b) (i) | speed = frequency » wavelength; allow standard symbols 1
and roearrangements
og.h=v/f
allow c for spead
ignore s for spoad
(ii) | substitution OR rearrangement; 2
avaluation; -1 for POT error
o.g.
J.Ox108=52«10° <k OR A=v/f
(wavelength =) 0.058 (m) allow 0.06, 0.0576_.(m)
() (i) | D; 1
A is incorrect because electromagnetic waves are not longitudinal
B is incorrect bacause electromagnetic waves are not mechanical wavos
C is incorrect because sound waves are not eloctromagnetic waves
(ii) both marks can be 2

Q31.
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Question

Answer MNotes Marks
number
(a) sensible linear scales; e.g. occupy >50% of the 3
grid and not multiples
of 3 etc.
axes labelled with units;
all points plotted correctly within % a small square; | check 3™ and 6" point
windspeed L he sen
inm/s
inm
o 1]
5 12
1o 49
15 10
0 196
25 306
EN] 441
35 600
b) smooth curve that passes through all data points; allow if within ¥: a 1
small square of each
data point
allow ecf from plotting
in (a)
(c) idea that as wind speed increases the wavelength ignore positive i
increases; correlation
idea of non-linear relationship;
“wavelength
proportional to wind
speed squared” scores
both marks
(d) 350 m wavelength is achieved when wind speed is allow RA e.g. 29m/s i
26-27m/s; wind speed gives
wavelength of
400-450m
ship is shorter than wavelength so is not likely to be | DOP
damaged;
Q32.
Question Answer Mark
number
(a)(i) A
1
Question Answer Mark
number
(a)(ii) B
1
Question Answer Mark
number
(b)(i) c
1
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Q33.

Question Answer Additional Mark
number guidance
(b)(ii) 2 marks max. available for each named no mark for simply

part of the spectrum for each use:
+ 1 mark for a simple use
+ 1 mark for a suppaorting description

e.g.
for gamma rays:

+ used to sterilise medical tools (1)
* (because) gamma kill bacteria (1)

for x-rays:

+ used to photograph bones (1)

* (because) x-rays can penetrate soft
tissues but not bone (1)

for ultraviolet:
+ used for detecting security ink (1)
* (because) it fluoresces with ultraviolet

lighting (1)

for infrared:

+ used for optical fibre communications
(1)

» (because) they can undergo total
internal reflection (1)

for micro waves:

+ used for satellite communications (1)

* (because) microwaves can penetrate
Earth’s atmosphere (1)

for radio waves:

+ used for long-range communications (1)

* (because) they can be reflected from
the Earth’s atmosphere (1)

naming a part of the
spectrum

(Total for question = 9 marks)
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Question
number

Answer Motes

Marks

(@ ()

(i)

D;

A is incorrect because it shows the amplitude
B is incorrect because it shows half the wavelength
C is incorrect because it shows double the amplitude

A;
B is incorrect because it shows half the wavelength

C is incorrect because it shows double the amplitude
D is incorrect because it shows the wavelength

(b)

correct lines showing all three properties linked to their
definitions;;

any one line correct; [EJEC; line if prot?aerty is
inked to more than one

definition

e.g.
Wave property Definition

‘ frequency

‘ period

the time taken for one complete
vibration of the wave

, aline along which all waves are at
the same stage of their vibration

the number of complete vibrations
wavefront L :

of the wave each second

(c)

D;

A is incorrect because both waves transfer energy and can be reflected and
refracted

B is incorrect because both waves can be reflected and refracted
C is incorrect because both waves transfer energy

Total for question = 5 marks

Q34.
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Question

Answer Notes Marks
number
(a) (i} | C(soundwaves); 1
Ais incorrect because it is a transverse wave
B is incorrect because it is a transverse wave
D is incorrect because it is a transverse wave
(i) | one mark for each correct line: 2

microwave

Electromagnetic wave

infrared

Hazard

skin burns

blindness

internal heating
of body tissue

cell mutation

two lines from any left
hand box is a
contradiction and
scores zero for that

box

(b} (i)

(i)

B (cooking food):

A (checking for broken bones);

Ais incorrect because x-rays has this use
C is incorrect because ultraviclet has this use
D is incorrect because gamma has this use

B is incorrect because microwaves and infrared have this use
C isincorrect because ultraviolet has this use
D is incorrect because alpha radiation has this use
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