2.6 Refraction of light
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Marking details

Marks
Available

®

(i)

iy

(ki)

155sin¢ = 100sin90° (1) [or equivalent, or by implication]
e=40° (1)
First reflection (1) No eef

Restof path (1)

1555in45° = 1.33sinw(1) [or equivalent, or by implication]
w=56°(1)

Bends as shown

[Sensor at] Q receives more light when water level drops and exposes
Tower end of rod to the air. No ecf if paths badly wrong.

Question 4 Total
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Marking details

Marks.
Available

®

d=vxi (1) [Attempt to use, or by implication]

_3ome® .
v=Is0 1M

4= 1600 m) (1) [Owisson o giving 2400 s oses 1]
Amhmmnluml loses 1 mark.
Zig-zag routes [take] longer than straight. (1)

(1) For one of the following:

*  Good diagram (angles equal by eye)
A continuous range of zig-zag routes, all of different lengths

0.14 [us] [£0.02p]

\ leading dgn leading edgn
1 mark for the correct pulse on cach graph. ecf from (b))

Question 5 Total
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Available

(@

®

@

(i)

[0}
(i)

(i)

(1) 1.58 sin25°
a=42°(1)

00] sina (1) or equivalent or by implication

0

Either = 39° (1) 60°>39° or equivalent (1)

OR 1.58 sin 60° gives error (1)

So refraction not possible or TIR [needs atrempt 1o justify] (1)

[
TIR at Q and at least one more instance of TIR with subsequent ecf
m

As drawn with reflected ray at Q going off East of South, eventually
‘emerging through diameter face ,with at least one more TIR event (1)

Thinner

Monomode: parallel to axis (accept straight)

Multimode: zig-zag paths as wel (1) or some paths involve
reflections

Only one route for data (1) [no zig-zag routes]

Each pulse [data element etc) arives [at other end of fbre] at same
time (1)

No overlapping of pulses (1) [even over long distances]
Question 3 Total

21
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Question 3

Marking details

Available
3 |@ Award 3 x (1) of
« Refraction is change in direction of travel as waves change
‘medium / air to glass (or equivalent).
« AB, CD are wavefronts (or peaks or crests).
+ AB goesto CD.
+ Waves travel more slowly in 2 than in 1
+ Hence BD<AC Accept wavelength less in medium 2.
« Direction of travel of waves is normal o wavefronts. 3]
® | Q) [1.00] sin @ = 1.3 5in 45° (1) or equivalent or by implication
a=7° (1) 2]
Gy |1
2]
Noneed for arrow heads. No penalty if reflected ray doesn’t
reach the bottom of the fibre.
11 | 6 reflections needed [including that at P] (1)
Light travels 12 mm parallel to rod axis between successive
reflections. (1) or by implication
Light has to travel 60 [mm] beyond P (1) Accept 72 [mm] 3]

©

(0]

(i)

Award 2 marks for 17mm x 5= 85 [mm]
Award | mark for 17mm x 6 = 102 [mm]

c=49° (1)

50°>49° or 50°>c  AND

so refraction not possible / TIR / no power loss (1)
Total internal reflection

Question 3 Total

=]

m
13
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—~ -

@ [0 incident ray and angle ¢ marked and grazing refracted ray |
(i) msine=rsin90° (1)
sin90°=1 or msinc=m (1) 2
® 1O sinc== and c marked on diagram (1)
s 2
convincing algebra (1)
(ii) v=20x10"ms" [or by implication] (1)
=600 us] [or £=4.00 s, in which case first mark not gained] (1) 2
(i) Illlmvnzlyag-ﬁWpslI‘ss [=6.06 ps] or ZI';, a
[ecfon 1=6.00 us or by implication] 2
At =006 u[s] [ecfon600ps] (1)
(i) 1
———— ] =17x10°[s "] [A 18£2)x10 (1
[6.00)(10"' x10°[s™] [Accept (18 +2)x 10 (1) 5
assumes negligible pulse duration [or assumes angles of incidence range
from 0 10 ¢ or longest pathis 1212m] (1)
Question 4 Total |__[11]
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(a)

)

(i)

(iii)

(iv)

(i)

(i)

‘medium 1: 2.0 x 10°[ms”] and medium2: 2.5 x 10" [ms"]

Correct use of sin 30° seen clearly (1)

Rest of argument, including use of =9 [ecfon » and on value of sin
v

30°, if failure to reach the stated time is noted]. (1)

BD=2.5x 10" eef x 2.5x 10" [m] [=6.25 mm] or by implication (1)
6:=38.7° (or 39°) ecfon v=25 x 10° [ms"] (1)

1.50sin30°=120sin 6, (1)
Therefore = 38.7° (or 39°) no ecf (1)

Useof v=20x10*[ms"] (1)

[s] eefonv (1)

Critical angle = 76° or by implication (1)
M [ 5in 90°] = 1.500 sin 76° eef on 76° or by implication (1)
Naas= 1455 0r 1.46 do not accept 1.45 noeef (1)

:—s =cos 14° or equivalent or by implication (1)

Ar=024ps eefonv (1)

Question 4 Total

[14]
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(@)

(b)

[0)

(i)

(0]

(ii)

(i)

sin 6= 1.3315in 40.36° or by implication (1)
60° (1) Accept 59.5°

Not total + attempt at justification even if not worth next mark (1)
For the 2* mark cither:

Light got in at P or gets out at R, so can get out at Q [as angles in
water the same]

or 1.3315in40.36 reshown to be < 1

or C=49°

Voole < Vieg + attempt at justification even if not worth next mark e.g.
violet bends more (1)

For the 2* mark either:

Violet must have larger  therefore smaller v

or bending caused by light travelling more slowly in water than in
air, 50 violet must travel most slowly.

- 360 . 3
Speedin glass = 1 (=206 % 10°m ')

or by implication (1)
n=146 (1) mustbe o3 sig figs

©=75° or by implication (1)
1,46 5in 75° = 1 [5in 90°] [Accept 1.5 for 1.46] or by implic (1)
Pas= 141 [1451f ne taken as 1.50] (1)

Larger angles give longer propagation times. [Accept longer dists J(1)
So each pulse spread out over time on arrival or each pulse is less.
spread out if the angles are restricted (1)

So pulses might overlap (Accept pulses muddled) or
overlap/muddling of pulses less likely if angles restricted. (1)

Award 1 mark only for less multimode dispersion

Question 4 Total

114]
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Question Marking details Available
WMethod 1
(@ | @) |AC=27mm[x1mm]BD =42mm [ 1mm] (1)
Vptastc =% x 3.00 x 10° ms™ or equivalent (1)
Vo= 1.9 x 10° ms™ ecf on lengths (1)
Method 2 3
AC=27mm [+ 1 mm] AD = 59.5mm [+ 1 mm}; (1)
AC
AC 4t _BD
0= 2204 ¥ e = 3. 1 x 1
sin 0= 1 ={0453]50 ¥ -3.00 x 10 msx B2 (1)
Vo= 1.9 x 10° ms” ecf on lengths (1)
(i) sinds®
sing= B> or equivalent (1) )
Al
6=27° [+ 2°] ecf on lengths and arithmetical slips (1)
® | O _ 360
V= T Eex10% [= 1.94 x 10° ms™] or by implication (1)
n=1.55 (1)[1 mark for » = 1.59 from using zigzag time] 2
O Ging= % [= 0.974] or equivalent or by implication (1)
$=77° (1) 2
(i) | [¢ is for slowest route, so] ¢ is critical angle or equivalent (1)
Slower paths would imply smaller angles of incidence, for
‘which light would escape [into cladding] (1) 2
(iv) | Pulses broadened [in time] or can overlap because of different
possible routes [accept by multipath dispersion] (1)
The shorter the fibre the less the broadening or the less chance of
pulses overlapping [or equivalent] (1) 2
Question 3 Total 13
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Marks

Question Marking details Avalable
3@ :
Correctly drawn ray (1)
 shown correctly (1) 2
®) 1.520sin6, =1.550sin6, (1) [or by impl.]
=90°, éh=c (1) [or by impl.]
c=79°(1) 3
© | | 1eErect 1
(ii) | Some enters the cladding (1)
_.and is lost (1)
Some is reflected but lost on subsequent reflections (1). 3
() Paths at different angles to the axis are of different lengths (1). Data
travelling on different paths arrive different times [or by clear
implic.](1) so data is muddled / smeared out / data pulses overlap (1) 3
2]
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Marks

Question Marking details Available
T [(@ | |1 2amowsdrawn upwards at right angles to wave fronts 1
1L The waves travel more slowly in the shallow water (1) as the
propagation direction bends towards the normal (or equiv) (1) 2
(if) [ 1. Wavelength =8 [£1] mm 1
033ms’
1L = 1 I f. =40o0r41 Hz(1
S =5 00gm (D [orbyimpl](ecf on2)=40or m
[~1 on wrong power of 10] 2
1L, Attempt clearly based upon unchanged for = = %m for by
impl.]
¥v=021[20.02ms"] (ec.f. onf) (1) 2
(5 | (i) | Total internal reflection 1
(i) | 1.585in72" = 1, sin90" for by impl] (1)
Ny =1.58sin72" or sin90" =l or by impl. (1)
gy =1.50(1) 3
[Angles transposed, leading to n = 1.64, or other transposition errors
— 1 mark only]
(iii) | Light takes longer by zigzag paths [accept ‘multimode dispersion’]
[Accept ~ different paths give different times] (1)
A piece of data will be ‘smeared out” over time on arrival or may
overlap other pieces of data (1) [Accept ‘pulse broadening” only if
first mark gained by reference to zigzag paths, i.e. not ‘multimode N

dispersion’ + ‘pulse broadening” only (2)]
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Question

Marking details

Marks

Available
3 [@ | ()] [1.00]sinx=1.52sin25" [or by impl, or equiv with data inserted]
)
sinx=0.642 [or by impl] (1) 3
x=40°(1) 1
(i) | 65°
(ifl) | Either: or:
[1.52sinc=1.00sin90"s0] ¢ =41° | sin”'(1.52sin65") / 1.38 (1)
(1). 65°>csonoescape (D[N0 | yoeqn'y exist (1) [so
penalty for omission of last point & .
if first mark awarded] reffaction doesn't occur]. 2
(iv) | 1. total internal reflection [not: TIR, total or internal] reflection] 1
1L equal 1
(5 | (i) | beam confined to small angle to axis
[or damage avoided to reflecting surface] [accept: fewer int. refl'] 1
(if) | small (1); equal to a few wavelengths (1) 2
(i) | light propagates parallel to axis [or without being reflected or along
only one path]. 1
[Not - only one beam’]
2]
a4 fn) (1) | When eem radn® [accent: lioht 1.y nhoton<] [of hioh encnioh
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(a)

(b)

0]

(ii)

(iii)

1y SIN90° = 1.5408in 77" or ., =1.540sin 77" [or by impl] (1)
g =1.5001] [aceept 1.5] (1)

3.00x10*
154

distance
) sed at
[transpo: any stage]
=1.027x 10™* 5 (1) [omission of 1.54 loses just 1 mark]

speed = 10}

AC AC
L AB= o o AB= S or equiv. (1)

1. Zigzag time = 1,027 x 10 x 1.026 5 (1)
[or Extra time = 1.027 x 10°* x 0.026 or by impl.]
Extratime =2.7 x 107 s [e.c.f. on speed] (1)

Bit of data arrives spread out over a period of time [accept: data
smeared or multimode dispersion] (1).
Data bits could overlap on arrival / can't distinguish (1)
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(@)

(b)

(c)

[0)
(i)

@

(i)

(iii)

Vair > Velass (1), foie = fetass A0 Zgic > Zgiass (1)
Cyeles [or oscillation] can’t appear or disappear [at boundary] or
equiv. / frequency determined by the source [not just fis constant]

[1.00]sin 40" =1.52sing [where ¢ = angle of refraction] (1)

$=25°(1), 90°-25°(1)=[65°]

inc=—L [or equiv] °or

sne=sy loreaw sin™ (1.52sin65") gives “error”
c=41°(l) 1), so refraction not possible (1
65° > 41° or remark (jfree | " possible (1)
standing]

I Diagram: Reasonable path drawn [no gross departure from law of
reflection] with emergent ray in correct quadrant (1)

11 2 sensible parallel paths inside block labelled (1)
Emergent ray labelled as parallel to incident ray. (1)

Any 2% (1) from:
minimises multimode dispersion [or equiv](v)
* cuts down range of path lengths (¥)
« less pulse broadening or less likelihood of overlapping or
more rapid data [allow: smearing and jumbling] sequence
possible (+') [not interfere or distorted]

2
3]
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Question

Marking details

Marks
Available

(@)

(b)

[0}
(i)
(iii)
(iv)

v)

(ii)
(i)

Smooth curve drawn through all the points
46° [or as appropriate from drawn line]
Reflected ray drawn with angle of reflection equal to 6 by eye.
Any of:
sinl4” sin285 | sindd” sin64” sin82"
sin107 $in20° sin30° sin40” sin45”
139 [£0.05] | 140[2005] | 140[£0.05] | 1.40[20.05] | 140[£0.05]
or by
implication
I Any 2 x (1) from
o Straight v/
Through the origin v
o Gradient>1v
1L, [n s the] gradient

1,530 sin ¢ = 1.520 [sin 90°] (1) [or by impl.]
c=83°(l)

6=7° [accept 6.5°) e.c.. from (b)(i)

Smaller differences in distances travelled or times taken [by light
travelling different paths] (1), so less blurring / smearing / overlap of
data/ pulses (1) [or data can be transmitted at a greater rate]

Less multimode dispersion only award 2™ mark

Question 3 Total

13|





