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Mark Scheme

Q1.
Question § . . )
Number Acceptable Answers Additional guidance Mark
Example of Calculation
== 3.0 %108
. Use of n - (}j M (rigvwarer) = — 5};103- =133
¢  Use of nisind; = n2sinf, %1%
e UsessinC=- sind0 = 133sinf,  6,=29°
n
* Comparison of C'= 50° (1) !
with 30° and conclusion AtX: s
SinC:E C=49" =29" =0 4
refracted
Q2.
Question i s .
Acceptable Answers Additional Guidance Mark
Number
(i) » measure angle of incidence at edge (53) (1) +1° tolerance
o use of m; sinf, = mysind; (1) Allow ecf for candidate’s value
e value of angle in glass = 32° (1) Example of calculation:
1 =sin 53° =15 % sinf
fy=32° 3
(ii) * show refraction towards normal entering glass and 1
how refraction away from normal exiting glass (1)

Q3.
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Question | Answer Mark
Number
D 1
Q4.
sllzsiil Acceptable Answer Additional Guidance Mark
Number
e useof n=c/v (1) | Example of calculation
n=(3.00x108ms1)/
e useofsinC=1/n (1) | (2.25 x 108 m s71)
n=1.33
e (C=48.8°s50TIR (1)
does not occur sinC=1/n=1/1.33
C = 48.8°
(3)
Q5.
Question | Answer Mark
Number
(a) Change n direction of wave (accept ray or any named wave)
(do not accept bend) 1)
{Due to) change i (optical) density / speed / medium (1) 2
Question | Answer Mark
Number
(h) There 15 no change m direction for the light (passing between the water and the
gel)
Or There 15 no refraction (as the light passes between the water and the gel)
{(accept ... within the beaker) (1)
The light must have the same/similar wave speed in the water and gel (1) 2

{(accept same/similar density for water and gel)

Q6.
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Question Acceptable Answers Addirional guidance Mark
Number
) * Useofn,sinf; =n, sinf, using Example of Calculation
angle of incidence = 20°
(1) | sinr(blue) = 1.517sin20 =
* r(blue) =31.3° and r(red) = 0.519
31.1° r (blue)=sin~*(0.519) = 31.3°
Or _ -
Calculates difference between sinr(red) 21-?09511120 =0.516
r(blue) and r(red) = 0.2° r (red)=sin~*(0.516) = 31.1°
(1)
s Compares their answer to an 31.3°-31.1°=02° _
uncertainty of protractor of 0.5° 0.2° < 0.5° so protractor 15
with conclusion consistent with unsuitable
their answer (1) 3
(i) Either Example of Calculation
o UseofsinC ==
" (1) | sinc =—_=415°
41.5° (1) 1509 '
Compares their answer to 35° and . o
concludes that red light is not totally C=>35°s0 le‘d light 1s
internally reflected not totally mnternally
or conclusion consistent with their reflected
answer 1)
Or
¢ Use of ny sin #; =n, sin #; with 35° and
n=1 (1)
o 600 (1
¢ (Compares their answer to 90° with
conclusion that red light 1s refracted or
conclusion consistent with their answer
8y
Q7.
ﬁ'ﬁﬁﬂﬂr" Acceptable Answers Additional Guidance Mark
C 1

Q8.



https://stemup.co.uk

Question

Number Acceptable answers Additional guidance AMark
) ) ) MP1: Seeing values of refractive index
difference 1n speed for alr to cornea as 1.03 and 1.38 1s not enough. a
much greater than difference 1n speed comparison is required.
from water to cornea
Or lower refractive index for water to o))
comea (= 1.03)
50 less refraction
Or so power of eye/comea reduced (1)
Or so focal length of eye/comea
mcreased
if goggles worn the interface 1s with air (1)
and refraction 1s as normal
Or 1if goggles worn the interface 1s with 3
air and image focused on retina
Qo.
Question - . -
Number Acceptable answers Addirional guidance Mark
(i) o Useof P=1/f (1) Example of calculation 2
o £=847 (mm) 1) |f=1/118D=847mm
(ii) ) (1) Example of calculation 2
« Useof l'v+ 1/u=1/(allow s and v 1/20mm + 1/u = 1/8.5 mm
reversed, but not ;) @) u=14.8 mm
¢y =148 mm (ecf for ffrom 19(a)(1))
(iii) |  (Freshwater has a lower refractive 3
index than seawater, so) there will be
greater refraction of light on entering 1)
the lens
¢ This means that the power of the lens 18}
is greater in freshwater
Or 1)
this means that the focal length is less
in freshwater
¢ This means that the shortest distance
will be decreased
{iv) ) (1) Example of calculation 2
e Useofm=cW 137=300%108ms}/v
« v=22%x10%ms" 1) |v=22x10ms™"

Q1lo0.
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with factor of 2

(1)

¢« d=91=10%m (1

OR

¢ Useof v = fA (with ¢ in air)
Aair
¢ Useof n = ——
coating
¢  Use of path difference = %

with factor of 2

6.00 ¥ 101% Hz
A 362x107"m e
d=z=f=9.osxm m

Question Additional guidance Mark
Number Acceptable answers
(i) | Either Example of calculation: 4
o Useofn== 8y 3.00 x 108 ms—! o 1
v U= - =217 X 10°m s~
¢  Useof v = fA (with v mn coating) (1) 1.38
_ i 2.17 x 108 m s~} .
* Use of path difference = 3 A= =3.62X 107" m

Q11.

d=91x10%m
Question Additional guidance | Mark
Number Acceptable answers
(ii) 1

in the reflected light

* Fed and blue light do not interfere destructively, so remain

Or If green Light 1s cancelled/eliminated, then red and blue
light will remain m the reflected light.

(1)
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Question Answer Additional Guidance Mark
Number
) . Accept use of
use of nsind; = nasind; and n == (1) _E'D ) 3
53 % 108 B v nisinf = nasing:
vy=2.3 % ms (1) .
conclusion comparing their 1 to establfsh thgt _
g (1) nfwater)>1 with conclusion
answer to 3.0 x 10 . c
1 referring to n=
ms v
Example of calculation
in 35
nfwater) ==—— =13
5in 26
3.0x10%ms™!
v(warer) = SOt mE
1.2
2.3x 108 ms!
Q1l2.
Question ) " ,
Number Acceptable answers Additional guidance Aark
(i) Example of calculation
o useof 1jf=1u+1h (1 Méem=1u+1/24em
e u=48cm " u=48cm 2
Question ) " .
Number Acceptable answers Additional guidance Mark
(i) ) Accept use of v sinfh = v sinfh for MP1 and
« weofn=c/v 1 | Me2
- a - but v, sm# = w; sinfh scores netther
s use of_n] smﬂ = msind Example of calculation
Or n = sin 7/ sin r with correct (N m=3%x10°ms! /218 % 10° m
angles =1376 -
= f=11° (1) |1=sm15°=1376 <sinf 3
#=10.8°

Q13.
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Question Acceptable Answers Additional Guidance | Mark
Number
(1) *  Agppropriate line of best fit (1) 1
(i) * Calculates a gradient usmg at least half (1) | Example of calculation
the drawn line 237095 _ 1 47 silica
n=13710 147 (1 | ° 3
leading to a conclusion that glass is silica (1)
Or conclusion consistent with their value
for 7
Q14.
Question Answers Additional Guidance Mark
Number
D sin 61° / sin 42° (1)

Q15.
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Question

Number

Answer

Mark

(a)

Credit any sensible limitation
Examples include:

¢ Dblunt pencil,

¢ protractor divisions only to one degree,

* protractor of limited radius

¢+ method requires rays fo be marked and then drawn on
Limited precision — linked to limitation

(1)

@)

(b)

Use of refractive index = ratio of speeds
Speed=20x 10°m s

Example of calculation
speed in plastic = 3.0 = 10Pms'+152
=197x10°ms"

(1)
(1)

(b)(id)

Use of sin ¢ = /g . sin ¢ = 1/n (or equavalent. but must allow full solution if used
correctly without further equations)
critical angle = 41°

Example of calculation
sin ¢ = 1/1.52
c=41°

ey
ey

*(e)

(QWC — Work must be clear and organised in a logical manner using
technical wording where appropriate)

The light strikes the sides at an angle greater than the critical angle
It undergoes total internal reflection
It 1s reflected again

It strikes the other end at less than the critical angle Or It is transmutted at the final

boundary Or the ray has zero angle of incidence at the first end and 1s transoutted
undeviated

(1)
(1)
(1)

1)

Total for question

10

Q1l6.
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Question | Answer Mark
Number
(a) Measure angles of incidence and refraction (clear variants accepted or
correct angles shown on a diagram)(*i* and ‘#’ accepted) (1)
1)
Plots sini vs sin r
Correct gradient identified for their graph (assume sm i on y axis unless (1) 3
stated otherwise, assume statements using “vs’ or ‘against’ state y axis
first)
[If angle of reflection referred to instead of refraction. only allow 2™
mark]
(Allow 3™ but not 2°® mark if i vs r and point from line used in g = sin i
sin ¥)

(b)(i) | angle of mcidence (for light travelling from denser medium) (1)
has angle of refraction of 90° (may refer to leaving along (1) 2
surface/boundary)

(b)(ii) | Use of p =sini/ sinr (accept statingsine =1/ u) (1)
c=49" (n.b. ue applies) (1) 2
Example of caleulation
sime=1/u=1/1.33
c=49°
Total for question =

Q17.
Question Acceptable Answers Additional guidance Mark
Number
o Light 1s refracted as 1t passes mio
medium 2 (1) | MP2 see use of the equation
* Angle of refraction may be
calculated (L
using mysinf) = msink
» Angle of refraction = 89.81° (L _
» Angle of incidence at layer 2-3is (1) | MP5 accept totally mternally
greater than the critical angle reﬂeded 'md TIR ) _
*  So total internal reflection occurs MP¥6 15 not yust for saymg there 1sa
(at layer 2-3 interface) (1) | murage.
s Solight/ rays appear to come
from surface of road (so that ) ,
observer sees mirage) Example of Calculation ]
. _y (100032 x sin 89.59°
S1I
( 1.00030 )
= §9.81°

Q18.
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Question
Number

Acceptable Answers

Additional Guidance Mark

(i)

use of ;510 f; = Hysin >
with angle of incidence in
plastic = 28°

angle of deviation = angle of
refraction — angle of
mcidence

angle of deviation = 16°

(1)
(1)

(1)

(1)

Example of calculation

M1SI {1 = F2510 12

1.47 sin (90° — 62%) = 1.00 sin >
i2=43.6°

angle of deviation = 44° — 28° =
16° 4

(11)

Going from the cenire of the
lens towards the edge the angle
of incidence mn the plastic
INCTeAses

The angle of deviation
ncreases

(So) all rays cross (the axis) at
the principal focus

(1)

(1)
(1)

Accept focal point for principal 3
focus

Q19.

Question
Number

B

Answer

Mark

Incorrect Answers:

A — incorrect equality for speed
C — incorrect equality for speed and refractive index
D — incorrect equality for refractive index

Q20.

Question
Number

Answer

Mark

A

Q21.
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Question | Answer Mark
Number
(a) change 1n direction / wavelength (of wave/ray/light) (1)
(when entering a medium where) the wave has a different velocity
OR (when entering a medium where) the density 1s different (1)
the light travels at a lower speed in the air than in a vacuum (1) |3
(b) identify angle of incidence = 64° (1)
use of sin 7 / sin r = refractive index (1)
r=63.9° to at least 3 sf (1)
calculation of difference =0.12° (1) | 4
Example of calculation
SImr=smi~y
=sm 64° = 1.001
¥ =063.88°
difference =0.12°
Total for question 7
Q22.
Question Acceptable answer Additional guid Mark
Number Acceptable answers i 1flonal guidance ar
+ Use of tigonometry to determine angle Example of calculation
of ray to normal in liqmd (1) | (102-40)=2=31cm
tanf=31cm/35cm
» Use of n sin @ = constant 1) | g=5.06°
I 1y | n=sin7.2°/sin 5.06°
n=142 M =14 3
Q23.
Question Answer Mark
Number
B 1
Q24.
Question | Answer Mark
Number
A 1
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Q25.

Question
Number

Acceptable answers

Additional guidance

Mark

s v=21x10"m s (allow ecf from (a))

Useofn=c/v

1)
@)

Example of calculation
v=ci
=300=10°ms™" /142
=211%10°ms™

(B
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Mark Scheme

Q1.

Q2.

gﬁfﬂ::? Acceptable Answers Additional guidance Mark
Example of Calculation
==L 3.0 %102

Use of n == (i) 7 (st vater) = 2.251103 =133

Use of nisinf, = n2sind, EI%

Uses sinC == sind0 = 133sinf,  6,=29°

n

Comparison of C = 50° (1) ]

with 30° and conclusion ArX N
sinC=—  C=49° >29%s0p 4

1.33

refracted
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Q_uestmn Answers Mark
Number
The only correct answer is B 1
A is incorrect because the relative refractive index for light travelling firom
glass to water is required
C is incorrect because the relative refiactive index for light travelling fiom
glass to water is required
D is incorrect because the relative refractive index for light travelling from
glass to water is required
Q3.
Question i - .
Acceptable Answers Additional Guidance Mark
Number
(i) » measure angle of incidence at edge (53%) (1) +17 tolerance
o use of m sinf, = msind; (1) Allow ecf for candidate’s value
e value of angle in glass = 32° (1) Example of calculation:
1 xsin 53°% = 1.5 = sinth
=327 3
(i) * show refraction towards normal entering glass and 1
how refraction away from normal exiting glass (1)
Q4.
Question Answer Mark
Number
1 1
sin 35

Incorrect Answers:

A —incorrect arrangement of equation
C — incorrect arrangement of equation
D — incorrect arrangement of equation
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Q5.

Question | Answer Mark
Number
D 1
Q6.
uestion e .
Q Acceptable Answer Additional Guidance Mark
Number
use of n = ¢/v (1) | Example of calculation
n=(3.00x10°ms1)/
use of sin C = 1/n (1) | (2.25 x 10° m s7%)
n=133
C =48.8%s0 TIR (1)
does not occur sinC=1/n=1/1.33
C = 48.8°
(3)
Q7.
Question e . . T
Number Acceptable answers Additional guidance Mark
(i) Other equivalent answers may be given
e the angle of incidence in an (1 1
(optically) denser medium at which Do not accept answers stating or
the angle of rf&?':tmi‘ (in the less implying that the critical angle is the
dense medium) is 90 smallest angle at which total internal
reflection occur, e.g., “The smallest
angle at which tir takes place’. but do
» the greatest angle of incidence in an not automatically exclude answers on
(optically) denser medium at which the basjs of mentiqniﬂg i.nrer_nal _
there is an emergent ray (into the less Ieﬂectm_ﬂ alone without the inclusion
dense medium) of “total
‘The greatest angle before t.1.r. takes
+ the greatest angle of incidence in an place’ is not sufficient
(optically) denser medium at which
there is a refracted ray (in the less
dense medium)
(ii) Example of calculation
* UseofsinC=1/n 1) sin = 1/1.52
- Q 5
.« C=41° ) C=411 2
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Q8.

stion | Answer Mark
Que
Number
(a) Change in direction of wave (accept ray or any named wave)
(do not accept bend) (1)
(Due to) change in (optical) density / speed / medium (1) 2
Question | Answer Mark
Number
(h) There 15 no change in direction for the light (passing between the water and the
gel)
Or There 1s no refraction (as the light passes between the water and the gel)
{(accept ... within the beaker) (1)
The light must have the same/similar wave speed i the water and gel (1) 2
(accept same/similar density for water and gel)
Q9.
Question Acceptable Answers Addirional guidance Mark
Number
(@ * Use of ny sinfy =n, sin 8, using Example of Calculation
angle of mcidence = 20°
(1) | sinr(blue) = 1.517sin20 =
o r(blue) =31.3° and r(red) = 0.519
31.1° 7 (blue)=sin~'(0.519) = 31.3°
Or o
Calculates difference between sinr(red) =1.509sin20 = 0.516
T(b]ue) a_ﬂd T‘(I'Edj = 0.25 ¥ (l'ed}=SlI]_1 (0.516) = _:;1 .].c
(1
s Compares their answer to an 31.3°-31.1°=02° _
uncertamty of protractor of 0.5° 0.2° < 0.5° so protractor 15
with conclusion consistent with unsutable
their answer @ 3
(ii) Either Example of Calculation
o UseofsinC == 1 .
41 50 " Elg sinC = 209 =41 5°
Compares their answer to 33° and ) o
concludes that red light is not totally C=35°s0 .red light 15
internally reflected not totally internally
or conclusion consistent with their reflected
answer 1)
Or
e Use of ny sin#; =n, sin 8, with 35° and
n=1 (1)
. 60° (1)
¢ Compares their answer to 90° with
conclusion that red light 1s refracted or
conclusion consistent with their answer 3
8y
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Q1lo0.

Question

Number

Answer

Mark

(a)

Credit any sensible lumitation
Examples mclude:

¢ Dblunt pencil,

¢ protractor divisions only to one degree,

¢ protractor of limited radius

¢  method requires rays to be marked and then drawn on
Limited precision — linked to limitation

(1)

ey

(b)

Use of refractive index = ratio of speeds
Speed=20x 10" ms™

Example of calculation
speed in plastic = 3.0 x 10°ms'+152
=197%x10°ms"

1)
(1)

(b)(id)

Use of sin ¢ = /g . sin ¢ = 1/n (or equivalent. but must allow full solution if used
correctly without further equations)
critical angle = 41°

Example of calculation
sin ¢ = 1/1.52
c=41°

(1)
(1)

(c)

(QWC — Work must be clear and organised in a logical manner using
technical wording where appropriate)

The light strikes the sides at an angle greater than the critical angle

It undergoes total internal reflection

It 15 reflected agam

It strikes the other end at less than the critical angle Or It is transmitted at the final
boundary Or the ray has zero angle of incidence at the first end and is transmitted
undeviated

1)
1)
(1)

@

Total for question

10

Q11.
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Question
Number

Answer

Mark

@)

Measure angles of incidence and refraction (clear variants accepted or
correct angles shown on a diagram)(*i* and ‘#’ accepted)

Plots sini vs sin r

Correct gradient identified for their graph (assume sm i on y axis unless
stated otherwise, assume statements using “vs’ or ‘against’ state y axis
first)

[If angle of reflection referred to instead of refraction. only allow 2™
mark]

(Allow 3™ but not 2°® mark if i vs r and point from line used in g = sin i

sin ¥)

(1)
(1)

(1)

(b)(i)

angle of incidence (for light travelling from denser medium)
has angle of refraction of 90° (may refer to leaving along
surface/boundary)

(1)
(1)

(b)(ii)

Use of g =sin i/ sin r (accept stating sine =1/ u)
c=49" (n.b. ue applies)

Example of caleulation
sime=1/u=1/1.33
c=49°

(1)
(1)

Total for question

Q1l2.

Question
Number

Answer

Mark

A

Q13.
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Question
Number

Answer

Mark

(a)

change 1n direction / wavelength (of wave/ray/light)
(when entering a medium where) the wave has a different velocity

OR (when entering a medium where) the density 1s different (1)
the light travels at a lower speed in the air than in a vacuum (1)

(1)

(b)

identify angle of incidence = 64°
use of sin 7 / sin r = refractive mdex
r=63.9° to at least 3 sf

calculation of difference =0.12°

Example of calculation
SImr=smi~y

=sm 64° = 1.001
r=063.88°

difference = 0.12°

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

Total for question

Q14.

Question
Number

Answer

Mark

A

Q15.

Question
Number

Acceptable answers

Additional guidance

Mark

(a) .

Use of msin 6y = mrsin b
+ Angle in cladding 8 = 90(®)

+ Cntical angle = 50 3(7)

1)

(1)

(1

Accept alternative method using
. 1 c
sinc== andn=-—
n v
. Vcladding
togiven = ——M0Or n =
Veore
Neore
Neladding

Use of sinc =% with n=1.2 or 1.56
gams 1 mark

Example of calculation

eg 156smmf = 120smnd
1.56sme = 1.20 (sin 90°)

20

- =50.3("
156 - ©

sing =
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Question

Number Acceptable answers Additional guidance Mark
{b) Left hand side of beam refracts away from (1) | Ignore any line continued beyond
normal cladding
Ignore any reflection
Right hand side of beam totally intemally (1) | Reflection correct by eye
reflected Do not award 1f any hine shown 1n
cladding
State Student C 1s correct (1) | (MP3 dependent on MP1 and MP2)
cladibing
Arrows on rays not needed 3
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Mark Scheme

Q1.
Question ) - . )
Number Acceptable Answers Additional guidance Mark
Example of Calculation
==L 3.0 %108
¢ Useofn=2 8% (st = 3o —yes =1.33
* Use of nisind; = n2sind, (1)
s UsessinC=> sind0 = 133sinf,  6,=29°
n
» Comparison of C= 50° S
with 30° and conclusion AtX: N
5inC = - a3 C=49" =29 50 4
refracted
Q2.
Question | Answer Mark
Number
| D 1

Q3.
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sllzsiil Acceptable Answer Additional Guidance Mark
Number
e useof n=c/v (1) | Example of calculation
n=(3.00x108ms1)/
e useofsinC=1/n (1) | (2.25 x 108 m s71)
n=1.33
e (C=48.8°s50TIR (1)
does not occur sinC=1/n=1/1.33
C = 48.8°
(3)
Q4.
Question ... .
Acceptable answers Additional guidance Mark
Number
@) Two construction rays from: Example of diagram:
¢ ray from tip of object parallel to principal
axis drawn then refracted through the focal
point (1)
* ray drawn from tip of object through centre
of lens (1)
¢ ray drawn from focal point through tip of
object and then refracted parallel to the
principal axis (1)
And
¢ rays extended back to locate tip of image on
the same side as the object (1)

3
it Lo Acceptable answers Additional guidance Mark
Number

(1) * Useofm=viu(l) Example of calculation:
1 1 1
¢ Useof —+—=— |
u v f | Z=-35 ~v=-35u
and substituting for | ¥
voru (1) 1, t 1 35-1_ 1 35U _os
e u=61cm(l) @ —35u 85 35 83 25
52
v =32%23 _607cm
35
3
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Q5.

stion | Answer Mark
Que
Number
(a) Change n direction of wave (accept ray or any named wave)
(do not accept bend) 1)
{Due to) change i (optical) density / speed / medium (1) 2
stion | Answer Mark
Que
Number
(h) There 15 no change i direction for the light (passing between the water and the
gel)
Or There 15 no refraction (as the light passes between the water and the gel)
(accept . within the beaker) 1)
The light must have the same/similar wave speed in the water and gel (1) 2
{(accept same/similar density for water and gel)
Q6.
uestion Acceptable Answers Additional guidance Mark
P gu
Number
(i) » Use of n, sinf, =n, sin#, using Example of Calculation
angle of incidence = 20°
(1) | sinr(blue) =1.517sin20 =
¢ r(blue) =31.3° and r(red) = 0.519
31.1° 7 (blue)=sin~1(0.519) = 31.3°
Or o
Calculates difference between sinr(red) =1.509sin20 = 0.516
r(blue) and r({red) = 0.2° r (red)=sin~(0.516) = 31.1°
(1
+ Compares their answer to an 31.32-311°=02° _
uncertainty of protractor of 0.5° 0.2° < 0.5° so protractor 1s
with conclusion consistent with unsuitable
their answer 1 3
(ii) Either Example of Calculation
e Use of sinC ==
: (1) | sinc =—2—=415°
415 (1) 1509 .
Compares their answer to 352 and Cace o
concludes that red light is not totally C=35°s0 lff‘d light 1s
internally reflected not totally internally
or conclusion consistent with their reflected
answer (1
Or
¢ Use of ny sin®; =n, sin &, with 35° and
n=1 (1)
e B0° (1)
¢ Compares their answer to 90° with
conclusion that red light 1s refracted or
conclusion consistent with their answer 3

(1)
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Q7.

Q8.

Q9.

Question Answer Mark
Number
L . . 1
B - TIR as angle of incidence is greater than the critical angle
Incorrect Answers:
A — light 1s reflecting at an incorrect angle
C — light 15 not refracted
D — light 15 not refracted
Question - L. . -
Number Acceptable answers Additional guidance Mark

+ Light strikes the edges of the long
crystals at angles greater than the
critical angle

+ Tt is repeatedly totally internally
reflected along the crystal

(1)

(1)

(=]
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Question

Number

Answer

Mark

(a)

Credit any sensible limitation
Examples include:

¢ Dblunt pencil,

¢ protractor divisions only to one degree,

* protractor of limited radius

¢+ method requires rays fo be marked and then drawn on
Limited precision — linked to limitation

(1)

@)

(b)

Use of refractive index = ratio of speeds
Speed=20x 10°m s

Example of calculation
speed in plastic = 3.0 = 10Pms'+152
=197x10°ms"

(1)
(1)

(b)(id)

Use of sin ¢ = /g . sin ¢ = 1/n (or equavalent. but must allow full solution if used
correctly without further equations)
critical angle = 41°

Example of calculation
sin ¢ = 1/1.52
c=41°

ey
ey

*(e)

(QWC — Work must be clear and organised in a logical manner using
technical wording where appropriate)

The light strikes the sides at an angle greater than the critical angle
It undergoes total internal reflection
It 1s reflected again

It strikes the other end at less than the critical angle Or It is transmutted at the final

boundary Or the ray has zero angle of incidence at the first end and 1s transoutted
undeviated

(1)
(1)
(1)

1)

Total for question

10

Q1lo0.
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Question | Answer Mark
Number
(a) Measure angles of incidence and refraction (clear variants accepted or
correct angles shown on a diagram)(*i* and ‘#’ accepted) (1)
1)
Plots sini vs sin r
Correct gradient identified for their graph (assume sm i on y axis unless (1) 3
stated otherwise, assume statements using “vs’ or ‘against’ state y axis
first)
[If angle of reflection referred to instead of refraction. only allow 2™
mark]
(Allow 3™ but not 2°® mark if i vs r and point from line used in g = sin i
sin ¥)

(b)(i) | angle of mcidence (for light travelling from denser medium) (1)
has angle of refraction of 90° (may refer to leaving along (1) 2
surface/boundary)

(b)(ii) | Use of p =sini/ sinr (accept statingsine =1/ u) (1)
c=49" (n.b. ue applies) (1) 2
Example of caleulation
sime=1/u=1/1.33
c=49°
Total for question =

Ql1.
Question Acceptable Answers Additional guidance Mark
Number
o Light 1s refracted as 1t passes mio
medium 2 (1) | MP2 see use of the equation
* Angle of refraction may be
calculated (L
using mysinf) = msink
» Angle of refraction = 89.81° (L _
» Angle of incidence at layer 2-3is (1) | MP5 accept totally mternally
greater than the critical angle reﬂeded 'md TIR ) _
*  So total internal reflection occurs MP¥6 15 not yust for saymg there 1sa
(at layer 2-3 interface) (1) | murage.
s Solight/ rays appear to come
from surface of road (so that ) ,
observer sees mirage) Example of Calculation ]
. _y (100032 x sin 89.59°
S1I
( 1.00030 )
= §9.81°

Q12.
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Question Answer Mark
Number
v v, n o ]-
B
Incorrect Answers:
A — incorrect equality for speed
C — incorrect equality for speed and refractive index
D — incorrect equality for refractive index
Q13.
Question | Answer Mark
Number
A 1
Q14.
Question | Answer Mark
Number
(a) change in direction / wavelength (of wave/ray/light) (1)
(when entering a medium where) the wave has a different velocity
OR (when entering a medivm where) the density is different (1)
the light travels at a lower speed in the air than i a vacuum (1) | 3
(b) identify angle of incidence = 64° (1)
use of sin 7 / sin 7 = refractive index (1)
r=63.9°to at least 3 sf (1)
calculation of difference =0.12° (1) | 4
Example of calculation
sInF=smi~y
=sm 64° = 1.001
r =63 88°
difference = 0.12°
Total for question 7
Q1l15.
Question Answer Mark
Number
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Qle6.

Question | Answer

Number

Mark

Q17.

Question
Number

Acceptable answers

Additional guidance

Mark

(@)

L ]

L]

-

Use of msin By = nzsinéh
Angle 1 cladding 8 = 90(®)

Crtical angle = 50.3(°)

@)

1)

1)

Accept alternative method using
. 1 I
sinc==andn=-—
n v
. Yelgddi
togiven = 222 Qr n =
Veore
Neore

Neladding

Use of sinc :% with n=1.2 or 1.56
gams 1 mark

Example of calculation

eg 156smmf= 120smé

1.56sinc = 1.20 (sin 90°)

sine =

=503
156 © ©

Question
Number

Acceptable answers

Additional guidance

Mark

®) |

Left hand side of beam refracts away from
normal

Eight hand side of beam totally mtemally
reflected

State Student C 15 correct

oy

(1

(1)

i 'l,r’ s

Ignore any line continued beyond
cladding
Ignore any reflection

Reflection comrect by eye
Do not award if any line shown in
cladding

(MP3 dependent on MP1 and MP2)

cladding

r"'f =

Arrows on rays not needed

cladibig

Q18.
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Question

Number Acceptable answers

Additional
guidance

Mark

The only correct answer 1s B because at angles less than or equal to
the cntical angle not all of the light 15 reflected internally such that
angle of incidence 1s equal to the angle of reflection

A 1s not correct because total internal reflection occurs at angles
greater than the critical angle but at the critical angle the angle of
refraction 15 90 degrees. so the reflection is not total

C 1s not correct because mternal reflection 1s not total at angles less
than the critical angle

D 1s not correct because internal reflection 1s not total at angles less
than the critical angle

Q19.

Question

- Answers
Numbher

Mark

The only correct answer is D

angle and n; < n;

with the larger refractive index

A is incorrect because the angle of incidence must be greater than the critical angle
B is incorrect because the angle of incidence must be greater than the critical

C is incorrect because the light must be incident upon the boundary in the medium

Q20.

Question | Answer
Number

Mark

angle
medium

All of the light 15 reflected
Or none of the light 1s transmitted
Or none of the light 1s refracted

Or When light within a denser medium strikes a boundary with a less dense

(a) (When light strikes a boundary with) angle of mcidence greater than the critical

(1)

(1)

[
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Question
Number

Answer

Mark

(b))

Useof u=sini/sinr
xr=41(%)

Example of calculation
sin x = sin 60°/ 1.33
x =40.6°

1
(1

[

(b) (it}

Use of u=sin 7/ sin rwith i = 90° (accept stating sin c =1/ u)
c=49(%)

Example of calculation
L= rsin 90° [sin ¢
sine=1/p=1/133
c=49°

@)
1)

[

(b) (idi)

Angle i gel < critical angle Or angle y = cntical angle
Or (If angle x = angle y, then this corresponds to an) angle in air of 60°

Not total internal reflection so some light reaches screen
Or Light will be refracted/transnutted so some light reaches screen

(1)

6y

[
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Mark Scheme

Q1.
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Question Additional guidance Mark
Number Acceptable answers
(i) | ® Object/star is at infinity. so (1) Appropriate references 2
{(intermediate) image formed at to parallel _
focal length of objective lens :aysbt.nzg“‘be equn'?]l;vnr.
S . . . o object/image at infini
* (Final image at infinity). so object E ] 1 £ ¥
. . . xample
(intermediate image) mus.r @ Objective: Liv+ Liu = 1/f;
be at focal length of eyepiece lens u =00, so0 lv+ lio=1/f
lv+0=1}
Or v=F
. Dlzigcﬁm‘g lens. 11_ + 1/u=1/f and Eyepiece: 1iv+ Lu=1/f,
u = infinity, sov =f v=oo, so /et Liu=1/f
o  Evyepiece lens, 1iv+ Vu=1/f 0 +}"I” =1
. . =
v =1nfinity so u =f
Note: If both lenses
are considered,
1iv+ l/u=1/fdoes
not have to be quoted twice
Question .. . Mark
Number Acceptable answers SATh el
(ii) | # The rays cross over after the objective lens 1
Or (1)
* The objective lens mnverts the image
Or
* The image formed by the eyepiece lens 1s on the same side
as 1ts object, so remains the same way up
Q2.
Question Acceptable Answers Additional suidance Mark
Number
® i1ncreases the power (Of the e}re) If a candidate states that the iinﬂgf.“
Or to decrease the image distance 15 f‘m]_lf-'d at the focal pomnt of that
Or to shorten the focal length (of the the retina 1s at the focal pomt do
eye and lens) not award this mark
Or to the eve it makes the rays appear 1

to come from an object further away
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Q3.

Q4.

Q5.

Q6.

Q_uesnon .-ittept_ah]e Additional guidance Mark
Number ANSWer
B The only correct answer 15 B because m 1s the 51 umit for length.
A 15 not correct because C is not a base unit
C 1s not correct because g is not a base unit
D is not correct because “C is not a base unit 1
Question Acceptable Answers Additional guidance Mark
Number
o Useof 2421-2 Y]
u'v T 1) ) 1 1 1
e UseofpP =21 Accept MP2 1if you see ol e for ;
7 .
¢ P =46D/Dioptre / dioptre (1) 3
Example of Calculation
1 1
——+——=46D
0.25 0.024
Question Answer Additional Guidance Mark
Number
1 1 1 1 4
e Use ofF=—+—andP == MP4 dependent on MP3
u 5
e Use of P =P, + Ps Example of calculation
1
. 7 = =472
s (1) 06D Power of eye P 15 T 00zam) 423D
¢ Diverging P of spectacles=41.7(D)—-423(D)=-06D
diverging
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Q7.

Q8.

Question Acceptable Answers Additional guidance Mark
Number
# Two straight lines drawn extrapolated Accept dotted or sohd lines
from diverging rays meeting at a single (1)
point on the principal axis 2
o focallength=(-)23t024cm (1)
Question Acceptable Answers Additional guidance Mark
Number
(i) » Focus image of distant/far (1
object on to a screen MP?2 dependent on MP1
e Measure distance from lens to (1)
screen
Or
e Use parallel rays of light (1 2
s Measure distance from lens to (1)
the pomnt where the rays
converge
(ii) e Greater refraction (D
e To converge (parallel) raysata (1) ,
pont closer to the lens
(iii) e Photograph 2 has a greater (D
magnification
e 50 Vis greater (N
® since u 15 constant (D
e Sof1s greater (1)
» Hence photograph 2 taken with (1) Ei dependent on MP2 and 5
lens of focal length 200 mm
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Question
Number

Acceptable answers

Additional guidance

Mark

difference in speed for air to cornea
much greater than difference i speed
from water to cornea

Or lower refractive index for water to
comea (= 1.03)

so less refraction

Or so power of eye/comea reduced
Or so focal length of eye/comea
mcreased

if goggles worn the interface 1s with air
and refraction 1s as normal

Or 1if goggles worn the interface 1s with
air and image focused on retina

(1)

(1)

(1)

MP1: Seeing values of refractive index
as 1.03 and 1.38 1s not enough. a
comparison 1s required.

Q.

Question
Number

Answer

Additional
Guidance

Mark

An explanation that makes reference to the following points:

* Only a real image will be produced on a sereen (1)
* The object cannot be closer than f for a real image (1)
e Because light diverges after passing through the lens (1)

OR

o If object closer than frays still diverge after 1)
passing though lens

e So avirtual image is formed 1)

e which cannot be seen on a screen. (1)

L]

Q1l0.
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Question Acceptable Answers Additional guidance Mark
Number
Example of calculation
o Useofz=>+= (1)
Fou M) [to_2t 4 2
o f=80x107" m f 00%m  075m
F=8.00x 10~*m 2
Q1l11.
Question
Numher Acceptable answers Additional guidance Mark
111 Example of calculation 4
L] LSE‘Of;+;=? (1]
. _ _ 1 1 1
* __ with consistent units for 4+ —=
25X 1072m v 425x103%m
i and f (1)
. 1 -1
* Use of displacement=v—f (1) s (2353 —-4)m
* Displacement of lens = 0.07 mm v = 33 m =432x10°m
away from sensor (1)
Displacement of lens = (4.32 —4.25) mm
=0.0735 mm
Q1l2.
%uestmn Acceptable answers Additional guidance | Mark
Number
1

much

infinity so will focus at about f

* Lens displacement 1s so minimal that v doesn’t change

Or u == v so Av doesn’t change much

Or u == fso displacement doesn’t change much

Or u=>vsovapprox. equal to f

Or most object distances can be considered to be at 1)
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Q13.

Q14.

Q15.

uestion
?\Tumber Answer Mark
The onlv correct answer 1s C because 10 cm is more than the focal length 1
from a converging lens
A diverging lenses do not form real images from real objects
B diverging lenses do not form real images from real objects
D an object at less than the focal length from a converging lens will form a
virtual image
Question - . -
Number Acceptable answers Addirional guidance Mark
(i) o Useof P=1/f (1) Example of calculation 2
o £=847 (mm) (1) |f=1/118D=847mm
(ii) ) (1) Example of calculation 2
« Useof l'v+ 1/u=1/(allow s and v 1/20mm + 1/u = 1/8.5 mm
reversed, but not ;) @) u=14.8 mm
¢y =148 mm (ecf for ffrom 19(a)(1))
(iii) |  (Freshwater has a lower refractive 3
index than seawater, so) there will be
greater refraction of light on entering 1)
the lens
¢ This means that the power of the lens 18}
is greater in freshwater
Or 1)
this means that the focal length is less
in freshwater
¢ This means that the shortest distance
will be decreased
{iv) ) (1) Example of calculation 2
e Useofn=ch 137=300%108ms}/v
« v=22%x10%ms" 1) |v=22x10ms™"
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%‘;f;::g: Acceptable Answers Additional Guidance Mark

A 1
Qlo.
g::ig:;l Acceptable answers Additional gmidance Mark
® Two rays correctly drawn (1) | Acceptable rays:
including extrapolation * from arrowhead on object
] _ through the optical centre
o  Completes diagram with (1) of the lens
mage a: 10.6 em (range 9.0 ¢ from arrowhead on object
cmto 12.0 em) parallel to the axis up to the
_ _ lens and then through the
* Magnification=38 (3.5to (1) principal focus on the other 4
4.0) side
¢ Conclusion consistent with (1) * f}rlom the E?:lp‘ll f]::ufs on
values for distance and M the same side and t O“E%h
the arrowhead on the object
to the lens and then parallel
to the axis
Example of calculation
M = image size / object size (accept
use of distances)
=80cm/20cm=40
s .Jl_ % m ras i H
ﬁ - &
Q1l7.
Question ) " ,
Number Acceptable answers Additional guidance Aark
(i) Example of calculation
e useof 1/f=1u+ v I8y Méem=1u+1/24cm
_ #=4.8 cm 2
+ n=48cm (1)
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guuig::l Acceptable answers Additional guidance Mark
(ii) _ Accept use of v: sinfy = v sinfh for MP1 and
» uweofn=c/v 1 | Mp2
o useof sinf = m sinf but v; smé) = v, sié scores nerther
Or n = sin 7/ sin r with correct (1) Example of calculation
angles ' n=3x100ms! /218 =108 mg?!
’ =1.376
= d=11° (1) | 1%sm15°=1376=sind 3
#=10.8°
Q18.
%ﬁi%grn Acceptable answers Addirional guidance Mark
Use of lens equation 1/f=1/v+ (1) | Example of calculation
Vi (1) 1179 mm = 1/v+ 1/16.7 mm
- ) ) (1) v=(-)249 mm
Use of magnification = v/ magnification = 249 mm / 16.7 mm
Magmfication = 15 =140 3
Q19.
Question Acceptable Answers Additional Guidance Mark
Number
(i) use of pysin i1 = nasin iz (1) | Example of calculation
with angle of incidence in (1) | msm 1= msin i )
plastic = 28° 1.47 sin (90° — 62%) = 1.00 sin iz
i2=43.6°
angle of deviation = angle of (1) angle of deviation = 44° — 28° = .
refraction — angle of 16
mcidence
angle of deviation = 16° (1)
(ii) Going from the centre of the
lens towards the edge the angle (1)
of incidence in the plastic
Increases _ o
The angle of deviation (1) Accept focal point for principal 3
INCTeases focus
(So) all rays cross (the axus) at (1)
the principal focus



https://stemup.co.uk

Q20.

Q21.

Q22.

Question Acceptable Answers Additional guidance Mark
Number
e Use of m = mageheight Example of Calculation
ohject height _ 25410~ m _ _
.« Uscorm=" @ | ™ zerem TP
11 1 v=175%50x 10"*m= 0875
o Useof -==+ =
foou v 1 (1)
(™o,
e Useof P =% W f  s0X107m  027sm
f=004Tm
+ 2D M lp=—2_-211D
0.047Tm 5
Question _ i . -
Number Acceptable answers Additional guidance Mark
(i) Either

* Rays from (a point) on the moon are parallel

* So the rays converge to the principal focus
Or so the image 1s formed at the principal
focus

Or
- 11,1 .
* Useof i +- with w=co or very large

s f=v

(1)

1)

(1)

(1)

Description of focal length as: the
distance between the lens and point at
which parallel rays will converge (after
passing through lens). scores 2

Accept focal point for principal focus
(MP2 dependent on MP1)

(MP2 dependent on MP1)

(]

Question

Number Acceptable answers Additional guidance Mark
(ii) Real One/Two properties scores 1 mark
Dimimished (2) | Three properties score 2 marks
Inverted

Accept smaller
Accept upside down
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Question X
Number e Additional Guidance Lt
(i) A ray diagram including:
+ ray from top of object (1)
through centre of lens
to retina
+« ray parallel to axis on (1)
one side of lens and
through focal point on
other side
¢ distance to near point (1) | Correct calculation
= 6.0 cm scores MP3 only
(3)
%?Jerﬁgg? Acceptable Answer Additional Guidance Mark
(i) |e useof M= v/u (1) | Example of calculation
M=2cm/6cm=0.33
e M=10.33(2/3 (1)
sf) ecf u from (i)
(2)
Q23.
%ﬁﬁggp Acceptable answers Additional guidance Mark
(a) e use of a correct ray (1) | Correct rays are:

* use of second (1)
correct ray

* indicates image
formed where rays (1)
Cross

e image drawn is real, (1)
inverted and
diminished

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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dlssiil Acceptable answers Additional guidance Mark
Number
(b) e useof1/f=1/v+ 1/u (1) | Example of calculation:
for v estimate 4 - 10 Assuming the thickness of 8 mm:
Mmim 1/f=1/0.008 + 1/0.045
P=1/f
e useof P=1/f (1) | P=147 D
Full credit for any thicknesses in
e P=(120Dt0o230D) (1)|range 4 - 10 mm
(3)
Q24.

Q25.

Question Acceptable Answer Additional Guidance | Mark
Number

increasing the current (1)

through the coil

increases the heating

effect

this causes the (1)

resistance of the coil to

increase (due to the

collisions between

conduction electrons

and lattice ions)

so for a given p.d. this (1)

would result in the

current decreasing

this would increase the (1) | MP4 conditional

focal length of the lens, mark, dependent on

hence the need to limit MP3 being awarded

the current (4)
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Question
Number

Answers

Mark

The only correct answer 1s C

A is incorrect because the focal length of the lens increases

B is incorrect because the focal length of the lens increases

D is incorrect because lens power is the reciprocal of the focal length
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Mark Scheme

Q1.
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Or

Or

* The objective lens mnverts the image

* The image formed by the eyepiece lens 1s on the same side
as 1ts object, so remains the same way up

ey

Question Additional guidance Mark
Number Acceptable answers
(i) | ® Object/star is at infinity. so (1) Appropriate references 2
{(intermediate) image formed at to parallel _
focal length of objective lens :aysbt.nzg“‘be equr;'?]l;vnr.
o object/image at mfini
+ (Final image at infinity). so object . ! 1 & ¥
. . . xample
(intermediate image) mus.r @ Objective: Liv+ Liu = 1/f;
be at focal length of eyepiece lens u=oo so liv+ lieo=1/f
liv+0=1}
DI' v lf f
. Dlzigcﬁm‘g lens. 11_ + 1/u=1/f and Eyepiece: 1iv+ Lu=1/f,
u = infinity, sov =f v =00, so l/oct 1/u=1/f
o  Evyepiece lens, 1iv+ Vu=1/f 0 -l__};” =1
=
v =1nfinity so u =f
Note: If both lenses
are considered,
1iv+ l/u=1/fdoes
not have to be quoted twice
Question .. . Mark
Number Acceptable answers SATh el
(ii) | # The rays cross over after the objective lens 1

Q2.
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?I::;gz: Acceptable answers Additional guidance Mark
» Two rays correctly drawn (1) | Acceptable rays:
including extrapolation * from arrowhead on object
) . through the optical centre
¢ (Completes diagram with (1) of the lens
tmage a.i 10.6 em (range 9.0 * from arrowhead on object
cmte 12.0 cm) parallel to the axis up to the
_ _ lens and then through the
* Magmficaion=3.8 (3.5 10 (1) principal focus on the other 4
4.0) side
¢ Conclusion consistent with 1) * iom the ET;;UP‘:; f];orcus on
values for distance and M € same side and t ough
the arrowhead on the object
to the lens and then parallel
to the axis
Example of calculation
M = image size / object size (accept
use of distances)
=80cm/20cm=40
i
. :*ur.i.......:
et o
R
Q3.
Sallea L Acceptable answers Additional guidance Mark
Number
(a) o use of a correct ray (1) | Correct rays are:

¢ use of second (1)
correct ray

¢ indicates image
formed where rays (1)

Cross

e image drawn is real, (1)
inverted and
diminished

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:
Object
.
Imags
sy

(4)
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Question

Acceptable answers Additional guidance Mark
Number
(b) e useof1/f=1/v+ 1/u (1) | Example of calculation:

for u estimate 4 — 10
mm

use of P = 1/f

P = (120D to 230 D)

(1)
(1)

Assuming the thickness of 8 mm:

1/f= 1/0.008 + 1/0.045
P=1/f

P=147 D

Full credit for any thicknesses in
range 4 — 10 mm

(3)
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Mark Scheme

Q1.

E‘;‘:f]tl;zf Acceptable Answers Additional guidance Mark
Use of m = E (1) | Example of Calculation
1011
Useof ===+=
=0ty R (M) | v=05%06m=03m
Use of P =~ OREUE! ik 4
Usze of P = P, + P, = 5D therefore (1) f 06m 03m
use one lens with power of 2 (D) f=02m

and one with power of 3 (D)

F=1/02m=3D
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Q2.

Q3.

Q4.

Question

Acceptable Answers Additional guidance Mark
Number
o [seof 242-2 (1)
e (D | Accept MP2 ify L or L for 2
. UseofP=; ccept MP2 1f you see —— or — or
» P =46D/Dioptre/ dioptre (1) 3
Example of Calculation
1 1
— 4+ ——=46D
0.25 0.024
Question|  Answer Additional Guidance Mark
Number
1 11 1 4
. Useof;=—+—andP:F MP4 dependent on MP3
(! 154
e Use of P=P; + P; Example of calculation
1 1
e (-)06D Power of eye P = 15 m) + 0.024(m) — 423D
¢ Diverging P of spectacles =41.7(D)—-423(D)=-06D

diverging
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Question Acceptable Answers Additional gmidance Mark
Number
(1) » Focus image of distant/far (1)
object on to a screen MP2 dependent on MP1
» Measure distance from lens to (1)
screen
Or
e Use parallel rays of light (D 2
¢ Measure distance from lensto (1)
the point where the rays
converge
(ii) e Greater refraction (1)
» To converge (parallel) rays ata (1) )
pont closer to the lens
(iii) » Photograph 2 has a greater (D
magnification
* 50 Vis greater (D
s since u 1s constant (1)
* Sof1s greater 1
Jisgr W \PS dependent on MP2 and
* Hence photograph 2 taken with (1) | y oy <
lens of focal length 200 mm i
Q5.
?{uuﬁgz:l Acceptable answers Additional guidance Aark
] ) , MP1: Seeing values of refractive index
* difference in speed f':'f alr to cornea as 1.03 and 1.38 is not enough. a
much greater than difference in speed comparison is required. N
from water to cornea
Or lower refractive index for water to 1)
comea (= 1.03)
* 50 less refraction
Or so power of eye/comea reduced (1)
Or so focal length of eye/comea
mcreased
+ if goggles worn the mterface 15 with air (1)
and refraction 1s as normal
Or 1f goggles worn the interface 1s with 3
air and mmage focused on retina

Q6.
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gﬂﬁgg:l Acceptable answers Additional guidance Mark
Example of calculation
¢ Useof P=-2 )
f 082D=1f
1 =1/082D=1.22
e 1220 (mm) D17 -
Accept 122 (cm) s
Q7.
%ﬁiﬂg: Acceptable Answers Additional Guidance Mark
(i) An explanation that makes reference to: These marks can be awarded only
for answers in the context of the
EITHER method described in the question.
+ holding the lens steady in your hand would be
difficult and would make the distance
measurement tnaccurate (1)
* 50 the lens should be in a holder on a stable Reference to use of an optical
surface to make the measurement accurate (1) - op
bench 1s acceptable.
OR Reference to use of a clamp 1z
acceptable.
s holding the ruler steady parallel to the principal
axis would be difficult and make the distance
measurement inaccurate (1)
+ 50 the ruler should be on a stable surface to
make the measurement accurate (1)
OR
+ focal length is image distance when
object distance is mfinite (1)
* ilus 15 not at infinity so lens
formula should be used (1)
(ii) s use of power = 1/focal length (1) This is a comparison, so use of cm

s calculates at least two powers
correctly (1)

s analyses data to compare powers

or focal lengths (1)

+ draws a conclusion that 15
consistent with calculated values
about how well the relationship 1s

supporied (1)

not penalised if used for all and unit
D is not required.

MWP3 calculates combined power and
uses 1t to calculate focal length for the
combination and compares this with
the measured value of focal length.

Example of calculation:
P=1/fpowery=1/0.12=83D
POWET ggionat = 1/0.175=5.7D
DOWET combines = 1/0.07=14D
83+57=14D
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Q8.

QO.

Q1lo0.

Question - . -
Number Acceptable answers Additional guidance Mark
(i) ¢ Useof P=1/f (1) | Example of calculation 2
o =847 (mm) 1) |f=1/118D=847 mm
(ii) ) (1) Example of calculation 2
Use of v + 1/u = 1/f (allow u and v 1/20 mm + 1/u = 1/8.5 mm
reversed, but not f) @ u=14 8 mm
u =148 mm (ecf for f from 19{a)(i))
(iid) (Freshwater has a lower refractive 3
index than seawater. so) there will be
greater refraction of light on entering 1)
the lens
This means that the power of the lens L
is greater in freshwater
Or L
this means that the focal length is less
in freshwater
This means that the shortest distance
will be decreased
{iv) ) (1) Example of calculation 2
Use ofn =c/v 137=300% 108 me'/v
v=22%10°ms"! 1) |v=22x10"ms"!
g‘::::;z:_l Acceptable answers Additional guidance Aark
; MP4 An attempt at a % must be made and a
use of P=1[f (1) | clear comparison with the 80% must be made
use of P=Py + Py etc (1) | e.g% for comea from44.8 / 63.8 15 71%
_ which 15 not 80% so no
total power = 63.8 (D) @) Example of calculation
Comparative statement consistent (1) Peones =1/ 0'0323 m=4484D
with their values Pl =1/00527Tm=1898 D
Total power = 63.82 D 4
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Question
Number

Acceptable Answers

Mark

imags height

object height
»
Useof m = "

Useof m =

1 1 1
USf_‘OfF=; + :
Useof P =2

r
21D

(1

(1)
(1)
(1)

Addirional guidance
Example of Calculation
2.5%10  m -
== 17.5
2.0X10 m
v=175%50x 10~>m= 02875
(m)
1_ 1 & 1
f 5.0x107-m LE7Em
F=0047 m
P *_-211D

T 0047m
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Mark Scheme

Q1.


https://stemup.co.uk

Q2.

Q3.

Q4.

Question

Number Acceptable Answers Additional guidance Mark
Use of m = E (1) Example of Calculation
11,1
Useof -==+4-=
=0y o (1) | v=05%06m=03m
Use of P =7 (1) 1_ 1 1 4
Use of P = P, + P, = 5D therefore (1) f06m 03m
use one lens with power of 2 (D) f= 02m i
and one with power of 3 (D) P=1/02m=5D
Question Acceptable Answers Additional guidance Mark
Number
® increases the power (of the eve) If a candidate states that the image
Or to decrease the image distance 15 f‘)m-_“'d at the focal powmt or that
Or to shorten the focal length (of the the retina is at the focal pomnt do
eve and lens) not award this mark
Or to the eye 1t makes the rays appear 1 1
to come from an object further away @
Question Answer Additional Guidance Mark
Number
1 1 1 1 4
. UseDfF=—+—andP=F MP4 dependent on MP3
i v
e Use of P =P + P; Example of calculation
1 1
H T — =47
e (906D Power of eye P = — T onzagm) 423D
e Diverging P of spectacles=41.7(D)-423(D)=-06D
diverging
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Question Acceptable Answers Additional gmidance Mark
Number

(1) Focus image of distant/far (1)
object on to a screen MP2 dependent on MP1
Measure distance from lens to (1)
screen

Or

Use parallel rays of light (D 2
Measure distance from lens to (1)
the point where the rays
converge

(ii) Greater refraction (1)
To converge (parallel) rays ata (1) )
pont closer to the lens

(iii) Photograph 2 has a greater (D
magnification
s0 v is greater (D
since  1s constant (1)
So f1s greater (1
Heirce ;:-hotograph 2 taken with (l; MP3 dependent on MP2 and

lens of focal length 200 mm

MP4

h

Q5.
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Question ) i . _
Number Acceptable Answers Additional Guidance Mark
(i) An explanation that makes reference to: These marks can be awarded only
for answers in the context of the
EITHER method described in the question.
s holding the lens steady in your hand would be
difficult and would make the distance
measurement inaccurate (1)
* 50 the lens should be in a holder on a stable Reference to use of an optical
surface to make the measurement accurate (1) - P
bench 15 acceptable.
OR Reference to use of a clamp 1s
acceptable.
¢ holding the ruler steady parallel to the principal
axis would be difficult and make the distance
measurement inaccurate (1)
s 5o the ruler should be on a stable surface to
make the measurement accurate (1)
OR
o focal length 1s image distance when
object distance is mfinite (1) 2
+ this 15 not at infinity so lens
formula should be used (1)
(ii) » use of power = 1/focal length (1) This 1s a comparison, so use of cm
not penalised if used for all and unit
+ calculates at least two powers D is not required.
correctly (1) MP3 calculates combined power and
Alvees data ) uses it to calculate focal length for the
¢ an fj' 5"3151 gtltso clompare POWeLs combination and compares this with
or focal fen M the measured value of focal length.
¢ draws a conclusion that is
consistent with calculated values )
about how well the relationship is ExamPIe of calculatton:
supporled (].) P= l.fpcm-'er lid .= ].'0.].2_= 83D
POWET ggrigeal = 1/0.175=537D
DOWET combizes = 1/0.07 = 14 D 4
83+57=14D
Q6.
%‘;E:::l Acceptable answers Additional guidance Mark

 useof P=1jf
o useof P=P+ Petc
+ total power = 63.8 (D)

+ Comparative statement consistent
with their values

@)
@)
@)

@)

MP4 An attempt at a % must be made and a
clear comparison with the 80% must be made

e.g % for comea from 44.8 / 63.8 15 71%
which 1s not 80% so no

Example of calculation
Pona=1/00223m=4484D
Prs=1/00527Tm=1898D

Total power = 6382 D
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Q7.

Q8.

Q9.

?I:i:;g: Acceptable answers ";1?::;?;::1 Mark
The only correct answer 1s B because the power of a diverging lens 1
1s negative, so the total power=94D-42D=52D
A 15 not correct because the total power should be obtained from
(9.4D—4.2 D). but this is (9.4 D + 4.2 D)

C 1s not correct because this 1s (4.2 D — 9.4 D) using negative power
for a converging lens and positive for a diverging lens where 1t
should be the opposite so that (9.4 D —4.2 D) 1s used
D is not correct because — 13.6 D=—94D -42 D, as if both
lenses are diverging, which 1s not the case
Question i
Number e Additional Guidance Sl
(i) A ray diagram including:
e ray from top of object (1)
through centre of lens
to retina
¢ ray parallel to axis on (1)
one side of lens and
through focal point on
other side
¢ distance to near point (1) | Correct calculation
= 5.0 cm scores MP3 only
(3)
Cleeiil Acceptable Answer Additional Guidance Mark
Number
(ii) e use of M = v/u (1) | Example of calculation
M=2cm/6cm=0.33
e« M=0.33(2/3 (1)
sf) ecf u from (i)
(2)
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Question
Number

Acceptable Answers

Additional guidance

Mark

Increasing light intensity
increases rate of
photons/energy arrving at
1DR

More electrons gain enough
energy to be released/free to
conduct

Greater number of conduction
electrons per unit volume

I = ndvg so current increases

and resistance decreases

(1)

(1)
(1)
(1)
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Mark Scheme

Q1.
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Question ) o, .
Number Acceptable Answers Additional guidance Mark
¢« Useofm = E (1) Example of Calculation
11,1
s Useof -=-+-
Fou (1) | v=05%x06m=03m
* UseofP =7 (1 11 4 1 4
» Useof P =P, + P, = 5D therefore (1) f 06ém 03m
use one lens with power of 2 (D) f= 0.2m _
and one with power of 3 (D) P=102m=5D
Q2.
Question Acceptable Answers Addirional guidance Mark
Number
+ Light rays pass through the
image
Or
Light rays converge to a point (1) 1
where the image 15 formed
Q3.
Question Additional guidance Mark
Numbher Acceptable answers
(i) |* Object/star is at infinity, so (1) Appropriate references 2
(intermediate) image formed at to parallel _
focal length of objective lens :‘aj"sbt_llz;.’.he eqm:‘al&ﬂ_
L . . . 0 object/image at infini
¢ (Final image at infinity). so object E . . g v
. S xample
5 1 - . .
(intermediate image) must (1) Objective: 1/v+ L/u = 1/f
be at focal length of evepiece lens u=rce, so L+ L= 1/f
lv+0=1/
On v=F
* Dki]?cm-? lens, l";i_ Vu=1/f and Evepiece: Liv+ Liu=1/f
u = nfinity. sov =f v =100, so l/ect Liu=1/f
* Evepiece lens. 1/iv+ Liu = 1/f, 0 t};” =1
U=

v=1nfinity souw =51

Note: If both lenses

are considered,

1iv+ l/u=1/fdoes

not have to be quoted twice
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Question .. . Mark
Number Acceptable answers s e e P
(ii) | # The rays cross over after the objective lens 1
Or (1
* The objective lens mverts the image
Or
* The image formed by the eyepiece lens 1s on the same side
as 1ts object, so remains the same way up
Q4.
Q_uesnon .-ittept_ab]e Additional guidance Mark
Number ANSWET
B The only correct answer 15 B because m 1s the 51 umit for length.
A 1s not correct because C is not a base unit
C is not correct because g is not a base unit
D is not correct because “C is nof a base unit 1
Q5.
Question Acceptable answers Additional guidance Mark
Number
(i) Two construction rays from: Example of diagram:

And

* ray from tip of object parallel to principal
axis drawn then refracted through the focal
pount (1)

¢ ray drawn from tip of object through centre
of lens (1)

¢ ray drawn from focal point through tip of
object and then refracted parallel to the

principal axis (1)

* rays extended back to locate tip of image on
the same side as the object (1)
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Question i .- . .
Number Acceptable answers Additional guidance Mark
(1) * Useofm=viu(l) Example of calculation:
1 1 1
¢ Useof 4+ =" v
u v f | Z=-35 v=-35u
and substituting for | ¥
voru(l) l+ 1 _i 3.5—1_i C35u <
o u=61em(l) u —35 85 35 85 25 7
I
u=33%23 6 07em
3.5
3
Q6.
Question Acceptable Answers Additional gmidance
Number
@ e One ray correctly (1)
drawn 1) _
e Second ray @ e
correctly drawn B
+ Completes o]
diagram with :
image at position
36to3.8 cm and 3
height of 0.7 to
0.8 cm
(i) e Useofm="or @ .
image h:z'ghr (1) | Example of Calculation 2
m=———— v 37
object height m=—=—=0.5
. u 7.5
using values from
(a)(1)
e  Magnification of
04710 0.53
(iii) ¢ Real
and
image on
different side of a 1

converging lens
to object Or rays
pass through the
image

Q7.
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Question Answer Additional | Mark
Number Guidance
An explanation that makes reference to the following points: 3
¢ Only a real image will be produced on a screen 1)
s The object cannot be closer than ffor a real image (1)
e Because light diverges after passing through the lens (1)
OR
» Ifobject closer than frays still diverge after 1)
passing though lens
¢ So avirtual image is formed (1)
o which cannot be seen on a screen. (1)
Q8.
Question §
Number Answer Mark

The onlv correct answer 1s C because 10 cm 1s more than the focal length

from a converging lens

A diverging lenses do not form real images from real objects

B diverging lenses do not form real images from real objects

D an object at less than the focal length from a converging lens will form a
virtual image

Q9.
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?]::;E:: Acceptable answers Additional guidance Mark
» Two rays correctly drawn (1) | Acceptable rays:
including extrapolation * from arrowhead on object
) . through the optical centre
¢ (Completes diagram with (1) of the lens
tmage a.i 10.6 em (range 9.0 * from arrowhead on object
cmte 12.0 cm) parallel to the axis up to the
_ _ lens and then through the
* Magmficaion=3.8 (3.5 10 (1) principal focus on the other 4
4.0) side
¢ Conclusion consistent with 1) * iom the ET;;UP‘:; f];orcus on
values for distance and M € same side and t oug_h
the arrowhead on the object
to the lens and then parallel
to the axis
Example of calculation
M = image size / object size (accept
use of distances)
=80cm/20cm=40
B
S
GETT §
Q1o0.
%uesi'mn Acceptable answers Additional guidance Mark
Number

1/u

* Use of lens equation 1/f= 1/v+

¢ Use of magmfication = v

1) Example of calculation
(1) 1179 mm = 1/v+ 1/16.7 mm
(1)) v=(-)249 mm

Magmfication = 15

magnification = 249 mm / 16.7 mm
=149

Ql1.



https://stemup.co.uk

%::z;:z: Acceptable answers Additional guidance Mark
C 1
Q1l2.
Question ... . .
Number Acceptable answers Additional guidance Mark
C 1
Q13.
Question Acceptable Answers Additional guidance Mark
Number
Light is refracted as it passes mto
medium 2 (1) | MP2 see use of the equation
Angle of refraction may be
calculated (1)
using nysinf) = msinf;
Angle of refraction = 89.81° (1) _
Angle of incidence at layer 2-3is (1) | MP5 accept totally nternally
greater than the critical angle feﬂﬁ'ﬂf‘d ‘mfd TIR ) ,
So total internal reflection occurs MPG 15 not just for saying there is a
(at layer 2-3 interface) (1) | murage.
So hight/ rays appear to come
from surface of road (so that (1 ,
Example of Calculation (]

observer sees mirage)

_— (1.00032  sin 3'—).59")
sin

1.00030
= 89.81°

Q14.
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Question § N A aies . -
Number Acceptable answers Additional guidance Mark
(1) Either
* Rays from (a point) on the moon are parallel (1) | Description of focal length as: the
distance between the lens and point at
+ S0 the rays converge to the principal focus “’1115_11 parallel rays will converge (after
Or so the image 15 formed at the principal passing through lens). scores 2
focus @ . .
Accept focal pomt for principal focus
(MP?2 dependent on MP1)
Or
* Use of fi = i +T1: with w=co or very large (1)
s f=v
(1) | (MP2 dependent on MP1)
”
e Acceptable answers Additional guidance Mark
Number
(ii) Real One/Two properties scores 1 mark
Dimimished (2) | Three properties score 2 marks
Inverted
Accept smaller
Accept upside down
”
Q15.
uestion - :
Q Acceptable answers Additional guidance Mark
Number
(a) o use of a correct ray (1) | Correct rays are:
Ray through the principal focus and
¢ use of second (1) | parallel to the principal axis
correct ray Ray parallel to principal axis then
through the principal focus
¢ indicates image Ray through the optical centre of the
formed where rays (1) | lens

Ccross

e image drawn is real, (1)
inverted and
diminished

Example of diagram:

e
o

Dhject

Imags

(4)
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Question

Acceptable answers Additional guidance Mark
Number
(b) e useof1/f=1/v+ 1/u (1) | Example of calculation:

for u estimate 4 — 10
mim

use of P = 1/f

P = (120 D to 230 D)

(1)
(1)

Assuming the thickness of 8 mm:

1/f=1/0.008 + 1/0.045
P=1/f

P=147 D

Full credit for any thicknesses in
range 4 — 10 mm

(3)
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Mark Scheme

Q1.

Q2.

Q3.

T Acceptable Answers Additional guidance Mark
Number
¢« Useofm= E (1) | Example of Calculation
1 1,1
e Useof -=-+-
Fou (1) |v=05%06m=03m
* UseofP=7 @Wi1 1 ik 4
* Useof P =P, +P,=5Dtherefore (g f 06m 03m
use one lens with power of 2 (D) f= 02m i
and one with power of 3 (D) P=102m=35D
Q_uesnon .-ittept_ab]e Additional guidance Mark
Number ANSWer
B The only correct answer 15 B because m 1s the 51 umit for length.
A 15 not correct because C is not a base unit
C is not correct because g is not a base unit
D is not correct because “C is not a base unit 1
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Question Acceptable Answers Additional guidance Mark
Number
o Useof242=2 (1)
u'v ?L' (1) o 1 1 1
o Useof P = > Accept MP2 if vou see prals S for;
» P=46D/Dioptre / dioptre (1) 3
Example of Calculation
1
—— +——=46D
0.25 0.024
Q4.
%Eﬁ::::: Acceptable Answers Additional Guidance Mark
_ ] Example of calculation
o useof liv+1lu=1{ (1) 1v=1/7.0-1/50
] L v=175cm
+ use of magnification = wiu (1) M=175/50=35
* magnification= 3.5 (1) 3
Q5.
Question or - .
Number Acceptable answers Additional guidance Mark
() Two construction rays from: Example of diagram:

¢ ray from tip of object parallel to principal

axis drawn then refracted through the focal
point (1)

ray drawn from tip of object through centre
of lens (1)

ray drawn from focal point through tip of
object and then refracted parallel to the
principal axis (1)

And

* rays extended back to locate tip of image on

the same side as the object (1)
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g‘;ﬁt;:: Acceptable answers Additional guidance Mark
(1) * Useofm=viu(l) Example of calculation:
1 1 1
¢ Useof 4+ =" v
u v f | Z=-35 v=-35u
and substituting for | ¥
voru(l) l+ 1 :i ) 3.5—1:i 35&.5:8q
o u=61em(l) u —35 85 " 35 85 25 7
u=33%23 6 07em
3.5
3
Q6.
SIEEETT Acceptable Answers Additional Guidance Mark
Number
(i) |+ drag + weight = (1) | Example of calculation:
upthrust drag + weight = upthrust
drag = upthrust - weight
+ use of p = m/V (1) | 6NV = 4nrpeowg/3 -
and W= mg Anr3pga=0/3
« use of F=é6nmv (1) V = 2(Pstout — Pgas)T2q/9n
and V = 4/3nr
(3)
- LEELI Acceptable Answers Additional Guidance Mark
Number
(ii) |+ low speed OR laminar flow
OR not turbulent flow (1)
LTEEET Acceptable Answers Additional Guidance Mark
Number
(iii)| = wuse of v = 2(Pstout — Paas)r*g/9n (1) | Example of calculation:
v =2(1.007 x 103 kg m™ -
s use of v = 5/t (1) | 1.223 kg m~) x (61 x 10® m)?
x 981 Nkgt/9 x 2.06 x 1073
+ time =295 (1) Pa s
=3.96 x 107 ms™
+ comment on the difference with{l) t=0.115m/ 3.96 x 10®m s?
120 seconds =295
OR an attempt to account for
the difference Actual time much less than the
manufacturers time therefore
not a valid statement OR (4)
reference time to reach terminal
velocity OR there is turbulent
flow
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Q7.

Q8.

QO.

Question Answer Additional Guidance Mark
Number
11,1 1 4
e Use fo =—+-and P = ; MP4 dependent on MP3
u ()
e Use of P=P; + P; Example of calculation
1 1
e (906D Power of eye P = 15 m) + 0.02a(m) 423D
¢ Diverging P of spectacles =41.7 (D) -423 (D)=-06D
diverging
Question Acceptable Answers Additional guidance Mark
Numbher
(i) Focus image of distant/far (1
object on to a screen MP?2 dependent on MP1
Measure distance from lens to (1)
screen
Or
Use parallel rays of light () 2
Measure distance from lens to (1)
the pomnt where the rays
converge
(i) Greater refraction (D
To converge (parallel) rays ata (1) 5
pont closer to the lens )
(iii) Photograph 2 has a greater (1)
magnification
s0 v is greater (1
since  1s constant (D
So f1s greater (1)
= . MP5 d dent on MP2 and
Hence photograph 2 taken with (1) | 30y ependent on <
lens of focal length 200 mm i
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Q1l0.

Q11.

Question ) cps . ;
Number Acceptable Answer Additional Guidance Mark
¢ Useofm= (1)
image height
object height
Ly For MP2 allow (u = f, so) v=fx
—4 == 1 : :
* Useof—+- F (1) | magnification
_ 3
« -~ 1=28m (1)
Example of calculation
v 0.75 m
—=—=————=1875
u hy 4.0x103m
1 1 1
u' v f
! 7 + 1 ! il
Cu N f
. v=(187.541)x15.0x10%m=28.3 m
?quﬁ']:g:l Acceptable answers Additional guidance Aark
] ) , MP1: Seeing values of refractive index
difference in speed f':'f alr to cornea as 1.03 and 1.38 is not enough. a
much greater than difference in speed comparison is required. N
from water to cornea
Or lower refractive index for water to 1)
comea (= 1.03)
so less refraction
Or so power of eye/comea reduced (1)
Onr so focal length of eye/comea
mcreased
if goggles worn the interface 1s with air (1)
and refraction 15 as normal
Or if goggles worn the interface 1s with 3
air and mmage focused on retina
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Question Acceptable Answers Additional guidance Mark
Number
Example of calculation
e Useofz=2142 (L
Fouw (1 [fo_t 4 ¢
o f=80x107" m f 00%m  075m
F=8.00x 10~*m 1
Q1l2.
Question
Numher Acceptable answers Additional guidance Mark
111 Example of calculation 4
Useof ~+=-== (1)
u v Vi

... with consistent units for

i and f (1)

Use of displacement =v—fF (1)

Displacement of lens = 0.07 mm
away from sensor (1)

1 1 1
235%x102m v 225x107%m

1
~—=(2353—-4)m™!
17
v=———7=432X10"7m
2313 m

Displacement of lens = (4.32 —4.25) mm
=0.0735 mm

Q13.
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Question - . o
Number Acceptable answers Additional guidance Mark
(i) s Useof P=1/f (1) | Example of calculation 2
o =847 (mm) (1) |f=1/118D=847 mm
(i) ) (1) Example of calculation 2
¢ Useof I'v+ Lu=1/f(allow u and v 1/20mm = 1/ = /8.5 mm
reversed, but not f) 1 u=148 mm
« =148 mm {ecf for ffrom 19(a){1))
(iii) | « (Freshwater has a lower refractive 3
index than seawater. so) there will be
greater refraction of light on entering (1)
the lens
* This means that the power of the lens 1)
is greater in freshwater
Or 1)
this means that the focal length is less
in freshwater
* This means that the shortest distance
will be decreased
{iv) . (1) Example of calculation 2
* Useofn=ch 137=3.00x 10°ms /v
e v=22x10%ms" @ |[v=22x10°ms™
Q14.
e Acceptable answers Additional guidance Mark
Number
» Use Df% =% +% withu =100 and v = (1) | (MP3 dependent on MP2)
(—)300
* f=150(mm) (1) | Example of calculation
1 1 1
+ converging lens with focal length 150 mm |7 = Toomm 300 mm
1 3i-1
f  300mm
f =150 mm
MP3 accept if annotated in question
Accept convex for converging
3

Q15.



https://stemup.co.uk

?IL:J?EEZ: Acceptable Answer Additional Guidance Mark
« useof 1/v+ 1/u = 1/f and (1) | Example of calculation
P = 1/f to determine power 1/f=1/0.02 cm + 1/0.275 cm
required f=0.0186 cm
P=1/f=53.6D
For person, P = 1/0.0193
= 51.81
e use of P = 1/f to determine (1) | Spectacle power = 53.63 -
power of person’s lens 51.81=1.82D
Choose +2.0 D
e useof P=Pi + Poto (1)
determine additional power
required
« P=1.82 (D) (1) (4)
Q16.
Question i " .
Number Acceptable answers Additional guidance Aark
(i) Example of calculation
* wseof 1jf=1u+1kv (1) 16ecm=1u+1/24cm
* u=48cm (0 u=48cm .
%u“i?;:? Acceptable answers Additional guidance Mark
(ii) ) Accept use of v; sinfy = v sinfh for MP1 and
« useofn=c/v 1 | M2
. o "y but v; smé; = v, sinéh scores nerther
uDE:': ;:: frlsll?ﬂsm fijilt].l]f;orrect (1) Example of calculation
angles ' n=3=100ms! /218 =108 ms!
: =1376
e A=11° 1) | 1=sm15°=1376 <z @ 3
#=10.8°
Q17.
%ﬁ;ﬁg? Acceptable answers Additional guidance Mark
e Use oflens equation 1/f=1/v+ (1) | Example of calculation
Vi (1) 1179 mm = 1/v+ 1/16.7 mm
- ) ) (1) v=(-)249 mm
¢ Use of magnification = v/ magnification = 249 mm / 16.7 mm
¢ Magmfication =15 =140 3
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Q18.

Question Acceptable Answers Additional guidance Mark
Number
e  Use of m = mags height Example of Calculation
object height _ 25%10~ m _ ~
o Useofm=- (1) T zox10™%m 173
u
111 =175 50 % 10?m = 0875
o Useof -=— + -
foou ow (1) (m)
1_ 1 Lt
e Useof P _1 (1] f 50xX107%m 0.875 m
r
£=0047m
= 21D W lp=—2 _211D ]
0.047 m 5
Q19.
Questmr_\ Acceptable Answer Additional Guidance Mark
Numbet
(a) + diagram with (1)| Example of Diagram:

illuminated
object, lens,
screen and
metre rule

+ lens position (1)

adjusted until
clear image
located on
screen

» object, image (1)

distances
calculated
from metre
rule readings

procedure (1)
repeated for at
least 4 other
positions of

the lens

1 oy T ' . 5 5 - T v
F, X, 4 o L

nbje:t' lens
Example of calculation:
1 1 1
p— Jp— + J—
u 1 I
vV = mx + ¢

(4)
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Question
Number

Acceptable Answer

Additional Guidance

Mark

(b)

 1/v plotted
against 1/u and
intercept(s) of
line read off

* lens equation
compared with
equation of a
straight line

e = 1/intercept

(1)

(1)

(1)

Question 5 to be
marked holistically

(3)

Q20.

Question )
Number e Additional Guidance N
(i) A ray diagram including:
¢ ray from top of object (1)
through centre of lens
to retina
¢ ray parallel to axis on (1)
one side of lens and
through focal point on
other side
e distance to near point (1) | Correct calculation
= 6.0 cm scores MP3 only
(3)
%ﬂ?ﬁggp Acceptable Answer Additional Guidance Mark
(ii) e use of M = v/u (1) | Example of calculation
M=2cm/6cm=0.33
e M=10.33(2/3 (1)

sf) ecf v from (i)

(2)
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Mark Scheme

Q1.


https://stemup.co.uk

?J;'.’,.Tﬂ;‘ Acceptable Answers Additional Guidance Mark
) . . Example of calculation
e useof Lv+ Lu=1{ (1) v =1/7.0-1/5.0
. v=175cm
» use of magnification = w (1) AM=175/50=35
»  magnification=3.5 (1) 3
Q2.
Question Acceptahle Answers Additional guidance
Number
@ e One ray correctly (1)
drawn 1)
e Second ray @ e

correctly drawn

e Completes TRIBEHE
diagram with :
image at position
3.6to3.8 cmand
height of 0.7 to
0.8 cm

(1) e Useofm=—or @D _
image hoiane 1) | Example of Calculation
= lmage netgnr v 3.7

bject height m=—- =-—_=105
@D jec erg - 75

using values from
(a))

e Magnification of
0.47 to 0.53

(]

(iii) ¢ Real

and

image on
different side of
converging lens
to object Or rays
pass through the
image

6y

Q3.
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reference time to reach terminal
velocity OR there is turbulent
flow

LIEEELT Acceptable Answers Additional Guidance Mark
Number
(i) |+« drag + weight = (1) | Example of calculation:
upthrust drag + weight = upthrust
drag = upthrust - weight
« useof p = m/V (1) | 6nnrv = ANripstowg/3 -
and W= mg ANripga=0/3
« use of F = 6nnrv (1) V = 2(Pstout — Pgas)r2a/9n
and V = 4/3nr?
(3)
%ﬂﬁg:p Acceptable Answers Additional Guidance | Mark
(ii) |« low speed OR laminar flow
OR not turbulent flow (1)
%t?ﬁggp Acceptable Answers Additional Guidance Mark
(iii)| » use of v = 2(pstout — Paas)Pg/9n (1) | Example of calculation:
v =2(1.007 x 10° kg m™ -
« use of v = s/t (1) | 1.223 kg m?) x (61 x 10 m)?
x 9.81 Nkg?/9 x 2.06 x 1073
= time =29s (1)|Pas
= 3.96 x 10° m s™
+« comment on the difference with(l) t=0.115m/ 3.96 x 103 m s
120 seconds =295
OR an attempt to account for
the difference Actual time much less than the
manufacturers time therefore
not a valid statement OR (4)

Q4.
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Question Acceptable Answers Additional gmidance Mark
Number
(1) » Focus image of distant/far (1)
object on to a screen MP2 dependent on MP1
e Measure distance from lens to (1)
screen
Or
e Use parallel rays of light (D 2
¢ Measure distance from lensto (1)
the point where the rays
converge
(ii) e Greater refraction (1)
» To converge (parallel) rays ata (1) N
pont closer to the lens B
(iii) » Photograph 2 has a greater (D
magnification
* 50 Vis greater (D
s since u 1s constant (1)
e Sof1s greater 8))]
- . MP5 d dent on MP2 and
* Hence photograph 2 taken with (1) | y oy ependent on 2
lens of focal length 200 mm i
Q5.
;?1::2‘11;:: Acceptable Answer Additional Guidance Mark
e Useofm= 1)
image height
object height
L4 For MP2 allow (u =~ f, s0) v=fx
* Useof i+ == (1) | magnification
3

e v =28m

Example of calculation
vk 0.75m

R e T YA
u hy, 4.0x10°%m
1 1 B 1
T _f
v - v
atlT f

- v=(187.54+1)x15.0x102m=28.3m
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Q6.

Q7.

eI Acceptable answers Aclléhlloual Mark
Number guidance
The only correct answer 1s D because magmification 1s numerically 1
equal to image distance divided by object distance
A 1s not correct because magmfication 1s numerically equal to
image distance divided by object distance, but this 1s focal length
divided by object distance
B 1s not correct because magmification 1s numencally equal to
image distance divided by object distance, but this 1s object distance
divided by image distance
C 1s not correct because magnification 1s numencally equal to
image distance divided by object distance, but this 1s object distance
divided by focal length
LR Acceptable answers Additional guidance Mark
Number g
Two rays comrectly drawn (1) | Acceptable rays:
including extrapolation ¢ from arrowhead on object
) . through the optical centre
Completes diagram with (1) of the lens
mnage at 10.6 cm (range 9.0 e from arrowhead on object
cmto 12.0 em) parallel to the axis up to the
lens and then through the
Magnification = 3.8 (3.5 to (1) principal focus on the other 4
4.0) side
Conclusion consistent with 1) * fromthe meﬂpﬂl focus on
values for distance and M the same side and thmug__h
the arrowhead on the obyect
to the lens and then parallel
to the axis
Example of calculation
M = umage size / object size (accept
use of distances)

=R0cm/20cm=40

] I fg toreen |
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Q8.

Q9.

Q10.

Question Answer Mark
Number
C-15 1
Incorrect Answers: all select incorrect data from question
Correct method: image distance < object distance
A —uses focal length + object distance
B — uses object distance + image distance
D — uses obyect distance + focal length
%“egtmn Acceptable answers Addirional guidance Mark
Number
¢ Use of lens equation 1/)f/=1/v+ (1) Example of calculation
1/u (1) 1179 mm = 1/v+ 1/16.7 mm
i . @) | v=()249 mm
* Use of magmfication = v/u magnification = 249 mm / 16.7 mm
=140 3

¢ Magmfication =15
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Question Acceptable Answers Addirional guidance Mark
Number
Useofm = ?{to calculate m) (1)
Use of m = image height Example of calculation
seolm = object height m= 0.75m —
calculate distance between T0.09m
dots on screen (1) | Image height =83 x 0.005m = 0.042 (m)
Uses tan/sin or small angle
approximation fo calculate the 8 0.042 ,"2 m
angle (1) | ) =—e—
8=0.5"=""" rads = 0.0092radians
130
Answer consistent with their 0.009 radians > 0.0003 radians so
calculation (1) student can distinguish between the dots
5
Comparison with 0.0003
radians or 0.017° and
conclusion consistent with
their value for & (1)
Q1l11.
Question .. . .
Number Acceptable answers Additional guidance Mark
1
Q1l2.
Question Acceptable Answers Additional guidance Mark
Number

o Tlseofm=

»
. Useofm:;

. Useofi=i +2
f u v

1
f

o Useof P =

« 21D

imags height
ohject height

Example of Calculation
_ &m5¥1im 175
(1 T zoxio*m

(m
™,
W f  50%10~2m  0.875m

£=0047m
M p=—* 211D

0.047 m

v=175%x 50 10~*m=0.875

¥ /]



https://stemup.co.uk

Q13.

Question Answer Additional Guidance Mark
Number
4
¢ two rays correctly drawn (1) somerging
® 1mage drawn in correct (1) .
posttion t+half square T
-useofm=£nr (1) ' S B e
image height 2 H*&l\
m=———— o
object height BT
e m=06 (1) 1
Example of calculation
4.8 cm 0.6
m= 80cm
Q14.
q“estmn Acceptable answers Adt.htlonal Mark
Number guidance
¢ Pass light through one lens of the glasses and view the Allow full eredit for
light through the lens of the second pair of glasses. a suitably annotated
Rotate one pair of glasses through 90° (1) diagram.
¢ [fthe light intensity varies then the glasses use polansing
filters (1)
2

Q15.
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g‘;ﬁt;:: Acceptable answers Additional guidance Mark
This question assesses a student’s Guidance on how the mark scheme
ability to show a coherent and logically should be applied:
E;i;i?ﬁ::gg;ﬂ;ﬂkﬂges and The mark for indicative content should
be added to the mark for lines of
Marks are awarded for indicative reasoning. For example, an answer
content and for how the answer 1s with five indicative marking points
structured and shows lines of reasoning. which 1s partially structured with some
linkages and lines of reasoning scores
The following table shows how 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
of reasoning).
fllér_nbe_;r_of Number ‘?f If there are no linkages between
icative marks awarded _ o
marking for indicative pomt$= the same five md!matn‘e
points seen in | marking points marking points would yield an overall
answer score of 3 marks (3 marks for
3 1 indicative content and no marks for
] 3 linkages).
3-2 2
1 1
0 0
6
* The following table shows how the marks should be
(continued) | 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

2

Answer 1s partially structured
with some linkages and lines of
reasoning

Answer has no linkages
between points and 1s
unstructured
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Question
Number

Acceptable answers

Additional
guidance

Mark

-

(continued)

Indicative content

* apolansing filter restricts the (electric field) vibrations of the

(transverse) light wave to a single plane

including the direction of propagation of the light

the light incident on the filter must be plane polarised

when the angle of rotation 1s a multiple of T rad (including zero),
the plane of polarisation of the incident light 1s perpendicular to
the transmission axis of the polarising filter hence the intensity
of the transmuitted light is zero

when the angle of rotation 1s an odd multiple of /2 rad the plane
of polarisation of the incident light 15 the same as that of the
transmission axis of the polansing filter hence maximum light 1s
transmitted

the intensity of the transmitted light vanes from a minimum to a
maximuimn as the angle of rotation varies as shown by the graph

Question
Number

Acceptable answers

Additional
guidance

Mark

=

(continued)

Alternative answer

* a polansing filter restricts the (electric field) vibrations of the

perpendicular to the direction of propagation of the light

the light incident on the filter is plane polarised

when the angle of rotation is a multiple of 7 rad (including
zero), the plane of polarisation of the incident light 1s
perpendicular to the transmission axis of the polarising filier
hence the intensity of the transmitted light 1s zero

when the angle of rotation 1s an odd multiple of /2 rad the
plane of polarisation of the incident light 1s the same as that of
the transmission axis of the polarising filter hence maximum

the intensity of the transmitted light varies from a minimum to

(transverse) light wave to a single direction

light 15 transmitted

a maximum as the angle of rotation varies as shown by the
graph
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