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Answer all guestions.
@l A sludent gives the following wrong definition of wavelength.

“The wavelength of a progressive wave is the distance between two successive polnls
which are oscillating with the sarme ampiifide,”

{i)  Write down the words which Idd replace the words in italics. ]
T P thxl'- -‘-‘-q’}w
(il  Explain why the student’s original version does not make sense. [1]

fm;ﬁ w ) e e e WNM )

(b} The lop diagram is a plan (view from abowve) showing the positions of the crests of a
progressive waler wave al time ¢ = 0. Underneath is a vertical section (side view) of the
water surface al time ¢ = 0.

VIEW
FROM
ABOVE i

direction of fravel of wave

-

W NS TR
VIEW

{i) By the time r = 0125 the wave has travelled 50mm. The wavelength is 15mm.
Calculate the frequency. [3]

=T 00 20,50 % Pf:
o W‘? e :
3—:'&!@ 2.

fiiy On the top diagram carefully draw in the positions of the crests at 1 = 0.010s. 2]
Space for calculations if needad,

0015 >0mm = Yy X
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Sticky Note

Correct answer



Sticky Note

Confuses amplitude with displacement.



Sticky Note

Strategy (use) is sound. For some reason candidate abandoned his correct value of wave speed in favour of the wholly inappropriate speed of light.



Sticky Note

Calculation, and hence sketch, incorrect.





(i)

A barrier with two narrow slits is placed as shown in the path of water waves of wavelength

15mm. Aninterference patlern is observad, Diagram nof o scale.

P,
.| [40mm |
L e = R R el
I 40mm |

(i) Making use of the equation for double siit interference, determine whether there is
constructive or destructive interference at point P. Give your reasoning. [3]
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(i) Explain why diffraction is essential for the formation of the interference pattern, [2]
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Sticky Note

This candidate, like many, ignored the value of wavelength given, and assumed, contrary to the wording of the question, that there was constructive interference at P. Putting 
a = 30 mm into the two slit equation gave him a different value for the wavelength. He then became thoroughly confused. [One mark for use of the equation.]




Sticky Note

The word ‘meet’ was taken to mean superpose. Candidate could have gained the other mark for pointing out that diffraction, in this case, referred to the waves spreading from the slits.
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Answer all guestions.
A student gives the following wrong definition of wavelength.

“The wavelengih of a progressive wave is the dislance between two successive points

which are ascillating with the same ampiitude.” Q
=

(i} Write down the words which should replace the words in italics.

OCthe Jcums [fpant. . .in the

e OO e T
(i) Explain why the student’s gﬁgm mwf%as net make sense. i1 @

Cbecaure thyy  Coud Nowee | O joras

e ldnglh CLLCLLS |
THS%; ulagraz ls & plan (view from above) showing the posilions of Lhe crests of a
progressive water wave at time 1 = 0. Underneath is & vertical section (side view) of the
water surface at time r = 0.

VIEW -.!
FROM
ABOVE

|
direction of ravel of wave

e

el /\/\/\A
VIEW

Il By the time ¢ = 0.12g the wave has travelled 60mm. The wavelength is 15mm.
Calculate the frequency. 3]

- X Pdd= g IS
DS A
N WSy AT

{il)  On the top diagram carefully draw in the positions of the crests at 1 = 0.010s. [2]

2
=

Space for calcufations if needed,
"l‘F{-EE =0 % == /
F = Sxi
i =0 .40 d Sl
.l—l——.____-_._ ?
—
YT C CRAL LW nxzamw

R R R R R



Sticky Note

Answer equivalent to in phase.




Sticky Note

Candidate simply hasn’t grasped that in a progressive wave amplitude is the same all the way along (or falls off steadily).



Sticky Note

Sound answer



Sticky Note

Correct calculation credited: one mark.
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fc) A barrier with two narrow siits is placed as shown in the path of water waves of wavelength
15mm. An interference pattern is obsarved. Diagram not fo scale.

(1) Making use of the equation for double slit interference, determine whether there is
constructive or destructive interference at point P. Glve your reasoning. [3]

ST =
e b SERER S O 30 By (572
e :

(i)  Explain why diffraction is essential for the formation of the interference pattern. [2] @
Pifflucion  malts  Wawy,_spread. . 6o wnen
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Coferr. in%fuence  pottcos X
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Sticky Note

As in script A, the two slit equation is used ‘backwards’ to find a ‘new’ value, 7.5 mm, for wavelength. This time the candidate states, correctly, that there is destructive interference at P, but there is no reasoning. One approach would be that, with the actual wavelength of 15 mm, the constructive interference points would be 
60 mm apart instead of 30, so there’d be destructive interference at P.



Sticky Note

The explanation of what diffraction means is not related to the set-up given, nor does the explanation of its role in producing the interference pattern go beyond what it says in the question.
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ib)

Answerall guestions.
A student gives the following wreng definition of wavelangth.

“The wavelangth of a progressive wave is the distance belween two successive points
which are oscillating with the same amplifude.”

(i}  Write down the words which should replace the words in italics. I
{ii) Explain why the student’s oniginal version does not make sense. ]

N e woilin
e e asginde.

The top diagram is a plan (view from above) showing the positions of the crests of a
prograssive water wave at time ¢ = 0. Underneath is a vertical section (side view) of the
water surface at tima ¢ = 0.

VIEW
FROM
ABOVE |
I 'l

direction of traved of wave

-

e /W\/\
VIEW

(i} By the time ! = 0.12s the wave has fravelled 60mm. The wavelength 15 15mm.

Calm.ﬂalelhefrequency WED e [3]
3 .o

= ;].'3#’4"' /
N B3 e B
{ii) On the top diagram carefully draw in the positions of the crests at 1 = 0.010s.  [2]
Space for calculalions If needed.

0-5% f.ol= 300 /
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Sticky Note

(i) and  (ii) Concise and correct



Sticky Note

By far the most popular successful method.



Sticky Note

We accepted wavefronts drawn either 5 mm to the right of the t = 0 wavefronts, or 1/3 of the way between one t = 0 wavefront and the next. As would always be the case, correct calculations helped to resolve any doubts about the correctness of the drawing.





1
.-—\.I
: C

[Examiines
fc) A barrier with two narrow slits is placed as shown in the path of water waves of wavelength | s
15mm. An interference pattem is observed. Diagram not fo scale.
- — -
bl P .I A0mm
M e 320mm :
40mm '
|
(i} Making use of the equation for double slit interference, determine whather there is
construciive or destructive interference at point P. Give your reasoning. 3] @

b

I LY -'.'f...:..b. o
S %ﬁi e

) oy iy ool e esmetia for i1s formation BT e S oSt pattern. [2]
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Sticky Note

The student has used the data correctly to find the spacing between points of constructive interference. This makes it easy to deduce that there is destructive interference at P.




Sticky Note

Diffraction was related to the slits, and ‘interact’ was accepted to mean superposed.
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PH2

Question

Marking details

Marks
Available

1 (a)

(b)

(©)

(i)
(i)

(i)

(i)

(i)

In phase [Accept: in step.]
Same amplitude everywhere [Accept: amplitude gets less and less.]

v =500 mms™or0.5ms™ or T =0.03 s. Accept without units. (1)
v 1
Attempted use of f = 2 notc =3x10®ms™) or f = = or by

implication (1)
33[Hz] (1)

Working shows crests have moved %or 5 mm or by implic (1)

Positions convincing by eye (1) Accept at’ 5 mm or third distance
between crests.
Fewer than 3 lines shown award 1 mark only.

80 mm, 320 mm and 15 mm correctly put in double slit equation (1)
states or implies that first const int is at 60 mm from axis. (1)
concludes that there is dest int at P (1)

 Give 1 mark if candidate claims first const int at 120 mm, having
put in 40 mm instead of 80 mm for slit separation, and another mark
if goes on to conclude that neither dest not const at P.

* If equation used ‘backwards’, putting in 30 mm and finding 7.5
mm for A award 1 mark and 2™ mark if also states that dest int at P.
For the 3" mark it must be carefully explained why destructive
interference at P for A = 15mm

Alternative solution:

Path difference =7.7 £ 0.1 mm (1)

This is equal to / approximately equal to % (D)

Hence destructive interference will occur (1)

Diffraction is spreading of waves at slits (1)
Without which waves wouldn’t overlap (or superpose) (1)

Question 1 total

1

1

[12]
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Answer all gueshions.
(@l A student gives the following wrong definition of wavelangth.

“The wavelength of a progressive wave is the distance between two successive poinls
which are oscillating with the same ampilifude,”

{i)  Write down the words which should replace the words in italics, [1]
; .ta‘."h. : Pll'v\# L8
(i) Explain why the student’s original version does not make sense. [1]

wc_ﬁ \h»}e_, . ya_";'??-": SO e ....wn:@_g;\,d, -

(b} The lop diagram is a plan (view from above) showing the positions of the crests of a
progressive walar wave al time ¢ = 0. Underngath is a vertical section (side view) of the
water surface al ime ¢ = 0.

VIEW
FROM
ABOVE

direction of travel of wave

-

W, SONONS NN
VIEW

{i) By the time r = 0.12s the wave has travelled B0mm. The wavelength is 15mm.
Calculate the frequency. [3]

| ..._.W?sm %ﬂpc

:'—D‘JGI H'z_

(i) On the top diagram carefully draw in the positions of the crests at r = 0.010s.  [2]
Space for cafculations I needed,

00145 >10mm = Yy X
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(i)

A barrier with two narrow slits is placed as shown in the path of water waves of wavelength
15mm. An interference pattern s observed, Diagram nof fo scale,

A0 mm

40 mim

(i} Making use of the equation for double giit interference, delermine whether there is
constructive or destructive inlerference at point P. Give your reasoning. [31

e G =y Qe sc 20 2 7-San. . Lwe

A

e S s 0

e ) [ T
m_hvlfﬁ& K W P m-.;!f:jn ol B wﬁlﬁ Lt

E b\‘ll T2 L.
(i) Explain why diffraction is essential for the formation of the Interference pattern. [2]
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1. (a) A student gives the following wrong definition of wavelength.

NS\

Answer all guestions.

“The wavelengih of a progressive wave is the dislance between two successive poinis
which are oscillating with the same amplitude.”

{i)  Write down the words which should replace the words in itakcs. )
at the at. . nbhe
“eC e cidlg m.;,* }& W L
(i) Explain why the student’s original version does not make sense. [1]

_beaaue thy  coud Donns B o
qmpytunl.&. I'.d.-’lm ﬂlbf Cue Mre ?{l”?an T

Tna top ulagrag Is & plnn (viaw from above) showing the posilions of the crests of a
progressive waler wave attirnar = (. Underneath is a vertical section (side view) of the
waler surface at time 1 =

VIEW 1!
FROM
ABOVE

|
diraction of ravel of wave

ViEw //\\/f\x/f\x/f\x
VIEW

{i By the time r = 0.12s the wave has travelled B0mm. The wavelength is 15mm.

Calculate the frequency. 3!
3 o . 60xi0™3
Y p@d T
= 0smy!

F_ f@% 211H1

{ill  On tha top diagram carefully draw in the positions of the crests at 1 = D.ﬂ‘rﬂs. [2]

Space for calculations if neadead,
{F‘e-ﬂa e _G 5 -1
¥, = Sxi |
2
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3

fc) A barrier with two narrow siits is placed as shown in the path of water waves of wavelength
15mm. An interference pattern is observed. Diagram no! fo scale.

(1) Making use of the equation for doubla slit interference, determine whether there is
constructive or destructive interference at point P. Give your reasoning. [3]

e
=

(i} Explain why diffraction is essential for the formation of the interference pattern. [2]
pifffucion  mawds  (wawy  spread ook wnen .
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{a)

fb)

Answer all guastions,
A student gives the following wreng definition of wavelength.

“The wavelength of a progressive wave is the distance between two successive points
which are oscillating with the same amplifude.”

(i) Write down the words which should replace the words in italics. i
{iiy Explain why the student’s original varsion does not make sense, i
LU S, Jum AN O il

A ol

The top diagram is a plan (view from above) showing the positions of the cresis of a
prograssive water wave at time ¢ = 0. Undernaath is a vertical section (side view) of the
water surface at time ¢ = 0.

VIEW
FROM

direction of travel of wave

-

e /\\/\N\
VIEW

(i) By the time 1 = 0.12s the wave has travelled B0mm. The wavelangth is 15mm,

Caluﬁalemefrequgrlu?r i e, [3]
- ﬂ.iﬂ.!

RN p LJ’“- “Bah

LS L i

{iiy On the top diagram carefully draw in the positions of the crests at r = 0.010s.  [2]
Space for calculations If needed.
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fc) A barrier with two narrow slits is placed as shown in the path of water waves of wavelength
15mm. An interference pattern is observed. Diagram not to scale.

A0mm

40mm

(i} Making use of the equation for double slit interferenca, determine whather there is
consiruciive of destructive interference at point P. Give your reasoning. 3]

[RE]

‘.5-:".“}-.'5 _..' ] =

(i) Explain why diffraction is essential for the formation of the interference pattern. [2]

Diffacion 45 yh  gprdon al o 0w O
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1.

Answer all questions.
(@) A student gives the following wrong definition of wavelength.

“The wavelength of a progressive wave is the distance between two successive points
which are oscillating with the same amplitude.”

(i) Write down the words which should replace the words in italics. 1]

(b) The top diagram is a plan (view from above) showing the positions of the crests of a
progressive water wave at time ¢ = 0. Underneath is a vertical section (side view) of the
water surface at time 7 = 0.

VIEW
FROM
ABOVE

direction of travel of wave
==

- AN SN AN AN
VIEW

(i) By the time ¢ = 0.12s the wave has travelled 60mm. The wavelength is 15mm.
Calculate the frequency. [3]

(i)  On the top diagram carefully draw in the positions of the crests at 7 = 0.010s. [2]
Space for calculations if needed.

© WJEC CBAC Ltd. (1322-01)
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(c) Abarrier with two narrow slits is placed as shown in the path of water waves of wavelength
15mm. An interference pattern is observed. Diagram not to scale.

40 mm P . 30
R 320mm =
40 mm

(i) Making use of the equation for double slit interference, determine whether there is
constructive or destructive interference at point P. Give your reasoning. [3]

(i)  Explain why diffraction is essential for the formation of the interference pattern. [2]

© WJEC CBAC Ltd. (1322-01) Turn over.
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(s) Rainbows form when sunlight is refracted and reflected by raindrops. The diagram

D

shows the path of red light (of wavelength 700nm) through & raindrop when a rainbow js| oy

obsarved. s B

o obsarver

(i) The refractive index of water (for light of this ) is 1.331. Calculate the
angle of incidence, g, at P. [Refractive index of air = 1.000.] [2]

msind =N s, .
LAxsind, = 1331 x sin(W0 3¢9
B = Sl Ll ot

(i) s the internal reflection at Q a case of total internal reflection? Give Your reasoning
clearty.

2
Wéer'mwdu m?./....c%ﬂf:ffﬂ?’ back oub of

{ili} The diagram below shows the paths (difference axaggerated) of violet and red light
through the raindrop. The paths are differant because different wavelengths of light
traval through water at slightly differant speeds,

iy

Ny, =M v,y

By comparing the refraction of the red and the vigiet light at P, explain which colour,
violet or red, travels more slowly through water,

2l
wed lraell  dlowser pecacse A b rellpctel!

CWIES ChAC Lid [Leb Sl




Sticky Note

Correct.



Sticky Note

Seems to assume that, because no light is shown leaving the drop at Q, none did. Stem of question needed reading more carefully. In any case the mark allocation showed that something less trivial was needed. [It would have been fine to point out that since light left the drop at R (with the same angle of incidence) or entered at P (with the same angle of refraction) some must have got out at Q!]




Sticky Note

Confused and wrong.
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Enaimisar

(B  Light takas 1.75 pis to travel through 360 m of muitimode fibre by the quickest route through
the core. Lo

{i} Show that the refractive index of the core is approximately 1.5, giving your own

answer to 3 significant figures. 2
T et o spced = 360/ 35x00 ‘M 0fms !
2 IPE?W LT ' T _ by,

3105 .. A

—_—

v
205 FIxloiel v ¥ ’l{ o

(i} The greatest angle, & to the axis at which light can propagate with total internal
reflection is 157

Calculate the refractive index of the cladding. [3]
LS CTEN o Da=@eGn, Ny =Sini3XieS

N3N, 70 5i0, T
Sty G R | (NN : . 1% o, Lk S ool /

Nisihe = Ny

{iii)  Although total internal reflection occurs for any angle smaller than 15° to the axis,
tha ﬂ%lﬁﬂ iransmission of data encoded as a rapi is more
| the paths are restricled to a maximum angle much lower than 15° Explain

why. ]|
V.. J’Lgﬂ?df’ﬂ’fﬂ a The angle ¢ .&W_.Wﬂﬂf@
A Y lrdyell

Cng less onerad dafome AM o a
(8w grealo Jilkins, then < ond fue i les
. ﬁéﬂfrﬂ".aﬁ...m....?cﬂr.nf,e_

fief L
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Sticky Note

Correct method but, unfortunately, candidate didn’t give the 3 sig figs asked for.




Sticky Note

Refraction equation used correctly, except for wrong angle of incidence in the core. A non-trivial mistake, but one mark given for use of equation.




Sticky Note

One mark given for explanation of reduction of maximum distance travelled, but no clear link to data transmission.
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E !
4. (8 Rainbows form when sunlight is refracted and reflected by raindrops. The diagram iExaminer
shows the path of red light (of wavelength 700nm) through a raindrop when a rainbow is| only

i from Sun
H‘-\-.._ s -'.: |
.o-"'ﬁ -
o observer — :

{i) The refractive index of water (for light of this wavelength) is 1.331. Calculate the

angle of incidence. & at P. [Rﬂw of air = 1.000.] [2] @
| : = |- r g

AXSme = "33 x Sunleo 36 Auiesctuia o

L5 L3 ixsh ko 3s) = S4 ﬁ A Vi

k-

(i) Isthe internal raflection at Q a casa of folal internal reflection? Give your reasoning

early,
"'%3’{': nr  Calak c-afir.—- g 3. / [EI[Q

mt&,m...ln.i ..... m&hﬁww\-’ksﬁqw

oy e v

{iiiy The diagram balow shows the paths (difference exaggeraled) of viclel and red light
through the raindrop. The paths are different because different wavelengths of fight

travel through water at slightly differant speeds.

By comparing the refraction of the red and tha violel light at P, explain which colour, ;
violat or red, iravels more slowly through water. [Z{Q

VPR Lot raols Lo cn uabse, =3 J:MMX

wmzm
%ﬁaﬁw MM clove.




Sticky Note

Correct



Sticky Note

Critical angle correctly calculated. Wrong conclusion drawn, perhaps because angle of incidence in air (59.5°) considered, instead of relevant angle (40.4°).



Sticky Note

Wrong answer and confused reasoning.






the core.

{y Show that the refractive index of the core is approximately 1.5, giving your own

answer io 3 significant figures. [2
Sz fae® . 5= Gl caxggs
Mofise, Lisxlo

L45= Lobxid. M 2=l
-b:/ 2 n=}bﬂi

= o n =% ;
. * 28§ wiad
(i) The greatest angle, @, to the axis at which light can propagate with total internal
reflection is 15°,

/ 3]
ey | 'k.i.*ﬁ..ﬁ.?s-.—ryfr__:u;

b
el P

{iiiy  Although total internal reflection occurs for any angle smaller than 15° to the axis,
the accurale lransmission of data encoded as a rapid stream of pulses is more
likely if the paths are restricted to a maximum angle much lower than 15°, Explain
why.

[3]

——

|Examiner
(b} Light takes 1.75ps to travel through 360m of multimode fibra by the quickest route through| ™"

735

L6

127
aaonr

OV CRAC L2 133309



Sticky Note

Clear and correct.



Sticky Note

Where has 1.48 come from? Probably a copying slip.



Sticky Note

Doesn’t address the question until the last sentence. There will indeed be less multimode dispersion, but only one of the three marks could be gained if the explanation went no further.
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4.

fa) Rainbows form when sunlight is refracted and reflected by raindrops. The diagram

shows the path of red light (of wavelength 700 nmj through a raindrop when a rainbow is
obsorved,

from Sun -\\ 9

o observer i :

(i} The refractive index of water {for light of this wmndn%!h] i5 1.331. Calculate the
angle of incidence, 6, at P. [Refractive index of air = 1.000 ] 2

MEAlEAS ey

Jxsinfet33cstatoge -
[~ s (l BUn skt )

{if)  Is the internal refiection at Q a cass of total internal reflaction? Give YOUF reasoning

clearly, bo O [2]

F

Examinar
cly

I

(i) The diagram below shows the paths (difference exaggerated) of violet and red light
through the raindrop. The paths are different becausa different wavelengths of light
travel through water at siightly different speeds.

it

By comparing the refraction of the red and the violet light at.P, explain which colour,
mtatmmd.travelsmmsfﬂwhfthrmghwaier. 2]




Sticky Note

Correct.



Sticky Note

Clear and correct.



Sticky Note

“Slowed down more” implies that the refraction at P was associated with slowing of the light. So more refraction, by the violet, means that violet travels more slowly than the red. A very good answer.






7

(b}  Lighttakes 1.75us totravel through 360 m of multimode fibre by the quickest route through
the core,

(ir  Show that the refractive index of the core is approximately 1.5, giving yvour own
answer to 3 significant figures.

_s=p n= SIpf

—

T : e e ’

e G e LB Y
g = 2055005

(i) The greatest angle. 6, to the axis at which Bight can propagate with total internal
reflection is 15°.

Calculate the refractive index of the cladding. i &

B o L3 o L/ .

Nk sia 35 Nxsado

(i)  Although total internal reflection occurs for any angle smaller than 157 to the axis,
the accurate transmission of data encoded as a rapid stream of pulses is more

likely if the paths are restricted to 8 maximum angle much lower than 15°. Explain
why. )]

i rodducas. Bucbn o msdes  posaibin g gk bs taly o
M Fibr as fla Lot tavebel B s spdd they vl dins

...... aad oy e MW-":}:}‘&'&M& T gl

Exarnine
anly

N

132
i

)

¢

® WIEC CBAC Lid 10 Turn over.



Sticky Note

(i) and (ii) Very good answers.



Sticky Note

The point isn’t clearly made that reducing the maximum angle to the axis reduces the maximum time of travel (and hence the spread of times) for pulses to travel a length of fibre. The points about pulse broadening and the possibility of overlap are well made.
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Marks

Question Marking details Available
4 (a) (1) sin @= 1.331 sin 40.36° or by implication (1)

60° (1) Accept 59.5° 2
(ii) Not total + attempt at justification even if not worth next mark (1)

For the 2" mark either:

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

water the same]|

or 1.331 sin 40.36 reshown to be < 1

or C=49° 2
(iii) Vaiolet < Vieg T 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, so violet must travel most slowly. 2

) 360 _ e 4
(b) (i) Speed in glass T [=2.06 x 10° ms™]

or by implication (1)

n=146 (1) mustbe to 3 sig figs 2
(11) C =75° or by implication (1)

1.46 sin 75° = ngaq [sin 90°] [Accept 1.5 for 1.46] or by implic (1)

Aeaa = 1.41 [1.45 if ng taken as 1.50] (1)

Award 1 mark only for:

1.46 sin 15° = ngaq [sin 90°] 3
(ii1) Larger angles give longer propagation times. [ Accept longer dists.](1)

So each pulse spread out over time on arrival or cach pulse is less

spread out if the angles are restricted (1)

So pulses might overlap (Accept pulses muddled) or 3

overlap/muddling of pulses less likely if angles restricted. (1)

Award 1 mark only for less multimode dispersion

Question 4 Total [14]
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(s) Rainbows form when sunlight is refracted and reflected by raindrops. The diagram
shows the path of red light (of wavelength 700 nm) through a raindrop when a rainbow is

i e N
o obsarver 1
(i} The refractive index of water (for Fighl of this ) is 1.331. Calculate the
angle of incidence, 8, at P, [Refractive index of ak = 0] [2]

}E-ina -F"'I::Stl"lag, o
Ix;.nﬁh = 1231 xs-:{j—rﬂ 35}

(i) Isleig?mm reflection at Q a case of lotal internal reflection? Give yuurmaﬁnnh'ng
c

yes becacye i s nol wfracted fack oul o/
bl od it G.

iy Tha diagram below shows the paths (difference axaggerated) of violet and red light
through the raindrop. The paths are differant because different wavelengths of light
traval through water at sﬂghﬂ-,r diffarant speeds.

Y, =N,

By comparing the refraction of the red and the violat light at P, explain which calmlr.
violet or red, travels more slowly through water,

e ol dlowwer  pecarue A b f%w‘céf
{o4s.

OVLIES CRAC Lid [ Sl






)]

7
anly

75 s to travel through 360 m of muitimode fibre by the quickest route through

{b)  Light takes 1
the cora,

(i) Show that the refractive index of the core is approximately 1.5, giving your own

[2]

answer to 3 significant figures.

et o speed = 360/ 318xc0* =205 T x0Sms

-
Ixip® g 4 S ot .|

208 Hufetxix e B v
(i} The greatest angle. & to the axis at which light can propagate with total internal

reflection is 15°

viEd
mppr

13

Calculate the refractive index of the cladding.
LS CEN o Na=Seln, N =3ini3%1-S
B 1 v B S

My 310, Ny 510,

Nisind= Ny
{iii) Afthough total internal reflection occurs for any angle smaller than 15° to the axis,
the a i f data encoded as a rapi is more
the paths are restricled 1o a maximum angle much lower than 15% Expl:[airl

3

|
why.
@ gﬂzfﬁdﬁfﬂﬂi the angle ﬁW_.W;?M@

LW brdyellag less. ovradll datone AM 4.a
b grale giland, than " and Hee i lss

chan Fr'.....cff il Lennh .
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4. (8) Rainbows form when sunlight is refracted and reflected by raindrops. The diagram ewaminer
shows the path of red light (of wavelength 700nm) through a raindrop when a rainbow is| only

o from Sun
H“‘-\-..‘_‘_R- g -'.: |
.4-*'”# 5
1o chearver — :
{i) The refractive index of water (for lighl of this wavelength) is 1.331. Calculate tha
angle of incidence, 8 at P. [Refractive indax of a = 1.000.] [2]

XS NI CS IR R
LSEC AN S e ey S SAesY

(i) Is the internal reflection at Q a case of folal internal reflection? Give your reasoning

clearly. [2]
S-C.H.: m Calak rmr{r- ieﬁ*?

{iiiy The diagram below shows the paths (difference exaggeraled) of violet and red light
through the raindrop. The paths are different because different wavelangths of ight
travel through water at slightly different speeds.

By comparing the refraction of the red and the violet light at P, explain which colour,
viohat or red, travels more slowly through water. [

M&mwmmm e, s Ok bands fudbler
Frmmwwxmapwmm
W%mwmm

JEC CaAD e Hx2E a1}






——

!E'n:lmlru:r

{b)  Light takes 1.75ps to travel through 360m of multimade fibre by the quickest route l,hro-ugh:
the core.

{I} Show that the refractive index of the core s approximately 1.5, giving your own

answer io 3 significant figures. [2]
= Y Sl e
T et o =2An
il o e L3sxis

Las= Lobxd. W =l
- g o

7. S e op= & . oa=3xw’ ¢

: 2 1 86 ¥iad
(i) The greatest angle, 8, o the axis at which light can propagate with total internal
reflection is 15°,

3]

Py L'hdx 5 3S5za= 163

(i)  Although total internal reflection occurs for 2ny angle smaller than 15* to the axis,
the accurate lransmission of data encoded as a rapid stream of pulses is more
likely if tha paths are restricted to @ maximum angle much lower than 15°, Explain
why.

13]
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4.

=)

Rainbows form when sunlight is refracted and reflected by raindrops. The diagram geamnor

shows the path of red light (of wavelength 700nm) through a raindrop when a rainbow is
. from Sun -

10 observer e

(i} The refractive index of water (for light of this wavelength) is 1.331. Calculate the
angle of incidenca, & at P. [Refractive index of air = 1. 0] 21

hesinf= V33ixohalio,
e

(ii)  Is the internal refiection at Q a case of fotal internal reflection? Give your reasoning
clearly. LG 2]

cesel (=) No, as tho agh oficcodie)in s

e TTTTT L LTI AT T TH YIS 1k it o s g 0 g 1 ey s e ———

() The diagram below shows the paths (difference exaggerated) of violet and red light
through the raindrop. The paths are different because different wavelengths of light
travel through water at slightly different speeds.

Wiy

.,--""'"

By comparing the refraction of the red and the violet light at P, explain which colour.
viclet or red, travels more slowly through water, [2]

Oeale o8 mPadicon soik besSead dsconbure .

B WIET CBAD nx2-oN

cnly
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()  Lighttakes 1.75ps to travel through 360 m of multimade fibre by the quickest route through
the core,

(i} Show that the refractive index of the core is approximately 1.5, giving your own
answer 1o 3 significant figures.

S L S L
T To5.enlnt ;

e 'H’{‘T‘L kG2 LB Y
= 20 5"-"'*[13*--.;"

(i) The greatest angle. 6, to the axis at which ight can propagate with total internal
reflection is 15°.

Calculate the refractive index of the cladding, ‘ 3]
Bt et L 58 RS -
Lké 5ia FE= Nxsindo

Emarniries
anly

(i)  Although total internal reflection occurs for any angle smaller than 15° to the axis,
tha accurate transmission of data encoded as a rapid stream of pulses is more
likely if the paths are restricted to a maximum angle much lower than 15°. Explain
why. (&)

iy ducas H«»-bu:f*w'm .ﬁmm.'hqp..{gmc l-‘;f,miqtm g

ptadiom A e pelies ard Uiy raducing, To choct of2umlep. .
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6

Rainbows form when sunlight is refracted and reflected by raindrops. The diagram
shows the path of red light (of wavelength 700 nm) through a raindrop when a rainbow is

observed.
from Sun

to observer

(i) The refractive index of water (for light of this wavelength) is 1.331. Calculate the
angle of incidence, 6, at P. [Refractive index of air = 1.000.] [2]

(i) Is the internal reflection at Q a case of fotal internal reflection? Give your reasoning
clearly. [2]

(i)  The diagram below shows the paths (difference exaggerated) of violet and red light
through the raindrop. The paths are different because different wavelengths of light
travel through water at slightly different speeds.

By comparing the refraction of the red and the violet light at P, explain which colour,
violet or red, travels more slowly through water. 2]

© WJEC CBAC Ltd. (1322-01)
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(b) Lighttakes 1.75us to travel through 360 m of multimode fibre by the quickest route through
the core.

(i) Show that the refractive index of the core is approximately 1.5, giving your own
answer to 3 significant figures. [2]

(i) The greatest angle, 6, to the axis at which light can propagate with total internal
reflection is 15°.

core / N cladding

Calculate the refractive index of the cladding. [3]

(iii)  Although total internal reflection occurs for any angle smaller than 15° to the axis,
the accurate transmission of data encoded as a rapid stream of pulses is more
likely if the paths are restricted to a maximum angle much lower than 15°. Explain
why. (3]

© WJEC CBAC Ltd. (1322-01) Turn over.
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6. A simplified energy level diagram is given for a four level laser system.

(a)

3.07 x 1078
266 = 1079
L 2.2 =107

= 0

ground 1]

Calculste:
(i} the wavelength of radiation emitted by stimulated emission; [31
E=pme = ko We
Az é.- A “"’f,.:_/\ﬁ" ‘}m
i pﬁ/&dﬁ/‘q

(i) the number of photons of this radiation emitted par sacond if the outpul powar of the
laser is 15mW; (21

q 1Sk’

(i} the energy of a photon emitted in a stimulated emission event as a percentage of
the energy needed for a pumping event. [2]

q.NSxle Y

BWJIEC CHAC L FIAERE

Ennimines
anly
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Sticky Note

Correct transition and correct use of λ = hc/ΔE, but, oddly, no sensible answer calculated.



Sticky Note

This candidate was not the only one who attempted to find the number of photons per second by dividing the output power by the electronic charge.



Sticky Note

Although the right pumping energy seems to have been selected, it is inserted in the wrong line of the fraction. What’s on the other line reveals more confusion.





1 (

Ex memhinar
(b) As light goes from one end of the laser cavity to the other, its intensity increases. s,

{i} Referring lo the energy level diagram, explain in terms of photons how the increase
In intensity takes place. [Assume thal a population inversion has already been sel

up] [3] @

Electtans move. from. . tha .L_gm.wr.d.. steke o e
txcited stake al P tHus. i3 a shoic | ved

i state =o thy rapidly fold o ] which (s.a.. 0
k mitostable Skokbe Nere  the hugh speed electians .

e (ke phobns.  oduich. gives tham enugy <

%am ﬂr:lhg amﬂa.ﬁmm%.}a"g.mﬂd

(i} The pumping rate Is now increased, making the population inversion greater.
Suggest why this makes the oulput power greater than before, [2]
f-Bate_ose  moje pholand WL puans. ... @

thare  will be wpre collspns. G the Metastaple

Stake and. therfare  the me; mtp.d- )(

wifl e ﬂre.aiu: B 0

& WIED CEAC Lid () Turn over.




Sticky Note

Stimulated emission not described correctly.



Sticky Note

Continued use of wrong ideas about laser action.
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€. A simplifiad enargy level diagram s given for a four level laser system.

P 307 1079y
u 266 = 1078
L 2.4 =100
ground 0
{al Calculate:
(i) the wavelangth of radiation emitted by stimulated emission; 13
€ine  Ax 643 xp Mebae®
A 2 H Xi u'-hl- ?3:
2 r’l_ : m Q0aM v/ i
(i) the number of photons of this radiation emitted per second if the output power of the
lazer is 15mW: [2]
ISxw Tt oz b, 8 x m mmw:m P stovid

1- TIx07 %

g

(iily the energy of a photon emitted In a stimulated emission event as a percentage of
the energy needed for a pumping event. 2]

L2 At « iios P Jns L

oo / <A

& WIES CRAD Lig, 1)

oy




Sticky Note

Good attempt to use λ = hc/ΔE, but wrong transition. The U – L transition was required by its being a four level system.



Sticky Note

Full ecf was available for using the wrong transition, but candidate has made another (small) slip.



Sticky Note

Full ecf
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{b)  As light goes from one end of the laser cavity to the other, its intensity increases.

{iy Refeming to the energy level diagram, explain in terms of photons how the increase
in intensity takes place, [Assume that a population inversion has already boan?;]t
up]

- IW preten & enegy t:umf {w shimudadid e @

I T LR L R m{zmhjm /ﬁ
hoan o dupudiomy g Faad an fu, -mmw 2
= Pn- MW;« Mol byh ond getin, Byn gream mafﬂ :

Rt Wi smwnm ke, m

(i) The pumping rate is now increased, making the population inversion greater.
Suggest why this makes the output power greater than befora. 121

mmgmm_mmw L an gsnHed. @

& BIEC CRAE L1 [0 Turn over.



Sticky Note

The right levels are now being referred to, but the transition is said to be from L to U. Maybe a slip. Otherwise the answer is excellent.



Sticky Note

Giving spontaneous emission equal prominence with stimulated emission confused the issue. Also no mention of decreased absorption probability.
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6. A simplified energy lavel diagram is given for a four level laser system.

P 307 x 107
266 % 107"
L 221 x 107

ground Q

fa} Calculate
(i) the wavelengih of radiation emitted by stimulated emission; 13
Ol s L66-21\xig? s

S "!- g*".-.m.'.l.q o

Bzl XS0 e 6.6 3xig-3+ x.‘inp!/.; 44%

A E AT e T AP

(i} the number of photens of this radiation emitted per second if the output power of the
laser is 15mWW; (2]

mseler = \SMO®) = 3IXGS Bl puc feend. .

Ko

(i) the energy of a photon emitted in a stimulated emission event as a percentage of
the energy neaded for a pumping event,

G bSXOTY xwﬂ/ Gy Rk Iy
e 3207007 ' .

WL Caal L [1aE2.0n)

Ennmingr

only
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Sticky Note

Wholly correct.



Sticky Note

Method fine but candidate confused mW with MW – a surprisingly common mistake. Some laser! Method mark gained.



Sticky Note

Wholly correct.
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{b)  As light goes from one end of the laser cavity to the other, its intensity increases.

{i) Referring to the energy level diagram, explain in terms of photons how the increase
in imensity takes place. [Assume thal a population inversion has already been set

up] (noe afhsoa’ud-\ i3

. Lol U. Tl inchant gotm lios B2 Gosxiomty,

(i} The pumping rate is now Increased, making the population inversion greater,
Suggest why this makes the output power greater than befora. 2]

©NAEG CEAG L (arzan Turn over.
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Sticky Note

Clear, concise answer. Student didn’t waste time stating how population inversion is achieved.



Sticky Note

A good answer, though we also wanted mention of a decreased fraction of photons absorbed.
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Question

Marking details

Marks
Available

6 |

(b)

(1)

(i1)

(iii)

(i1)

AE=2.66-221 %1018 [=0.45 « 1018 J] (1)
Use of [A]E=hf and f = % or [A]E= % (1)

440 n[m] No ecf except on arithmetical slip in AE (1)

15mW

ecf [attempted] (1)
3.3 <10 [s"] eef (1)

Pumping energy taken as 3.07 = 10-18J (1)
15 % Accept 14 % (1) ect on photon energy

Pagsing photon causes drop from Uto L (1)

With emission of another photon (1) Don't aceept absorption of
incident photon and emission of 2.

Process happens repeatedly and increases photon number (unless
already made clear for single event). (1)

Stimulated emission events more probable (or equivalent) (1)
Absorption events less probable (1)

Question 6 Total

[12]

WIEC CBAC Lid.
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6. A simplified energy level diagram is given for a four level laser system.

(a)

b
1 n‘i.*“_p

3.07 = 1078
266 = 107
L 2.21 1078

=l

ground 4]

Calculate:
{i} the wavelength of radiation emitted by stimulated emission;
e A= B W:c
A LA

;L __M “’f«zmo“‘ < ‘}m
G .S

{li} tha number of photons of this radiation emitted per second ifthe cutpul power of the
[

laser is 15mW;

CI 21520

WBlecond ___________fﬁ'fﬁfﬁ b4l

(i)  the energy of a photon emitted in a stimulated emission event as a percentage of

the energy needed for a pumping evenl

Ghxle”

BWIED CHAC L Az
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; 1@ thete afe  Moje phalend k. pans.

_mmuwgm wfwe;mtp;t

1

As light goes from one end of the laser cavity to the other, its intensity increases.

{i} Referring lo the energy level diagram, explain in terms of photons how the increase

In intensity takes place. [Assume thal a population inversion has already been set

up.] [3]
Electians move. from. tha ﬁauﬂd sl Bt

txcited stake al P tus i3 a shoik |ived

stake o thy repidly fall & v-hdu.scﬁ..
Mitastable Skote here the hugn speed eleckions .

k. ke ph:mns sduch. gives tham. enugy . .
and as tha ﬂaﬂ 3hwuﬂﬁ&'d ﬁmmmm}na creoked
as uu:;e NS aﬁ
{i} The pumping rate Is now i'h:a'eaa.ed making the population invarsion greater,
Suggest why this makes the oulput power greater than before. [2]

thare  will _be wpre collisens. i dhae. ﬁmfas}ama

whll e Lcj]reaia,r
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€. A simplifiad energy level diagram s given for a four level laser system.

(a) Calculate:

10

4

3.07 » 1078y
2.66 x 1074
2.2 % 1078y

=

—

ground 0

{i) the wavelength of radiation emitted by stimulated emission; [3]
€ine  Ax 643 xp Mxbwot
.8 Z .1 Xig-1d .

e B ROAA

{i} the number of photons of this radiation emitled per secand if the output power of the

laser is 15mW:
e by ¥ ko' dhae

{iii} the energy of a photon emitted in a stimulated emission event as a percentage of
tha energy needed for a pumping event. 2]

oz a0 e s FRY 81 4

L Sppxiot 2 32,07/,

& WIEL CBAS Lid. {1 fnj
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{b)  As light goes from one end of the laser cavity to the other, its intensity increases.

{iy Refeming to the energy level diagram, xplain in terms of photons how the increase
in inlensity takes place, [Assume that a population inversion has already been sat
13]

up)
A e S

L g dehea e mum»«;‘;"’" Lo B e S
-Pn;ww fluded by n dnd gortia, Ban groai mﬁ

. i . e

(i) The pumping rate is now increasad, making the population inversion greater.
Suggest why this makes the output power greater than before. 2]

i Steind oa A f haéﬁ.u ...... m.ﬁa P R 7. S
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6. A simplified energy lavel diagram is given for a four level laser system.

o

307 <1078}
u 266 = 107"
L 221 % 107"

ground 0

fa) Calculate
(i) the wavelength of radiation emitted by stimulated emission; 3
Oy = (2.66-2.10\.x10""%3
Ezhe Xz he = 6.63x03 x300® s $GTam.
A € §.Sne '

fii)  the number of photons of this radiation emitted per second if the output power of the
laser is 15mW; (2]

naeder = \SAMO®. = BIXGT ddos pu feemd,

(i the energy of a photon emitted in a stimulated emission event as a percentage of
the energy needed for a pumping event.

Ll hLS™ . e
L3010V
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{b)  As light goes from one end of the laser cavity to the other, its intensity increases.

(it Referring to the energy level diagram, explain in terms of photons how the increase
in intensity takes place. [Assume that a papulation inversion has already been set

UEY (e n‘h;w’ata-\ Bl

. lovd U. Tl iactanbt gt bios = bosxogty.
e dochon falb dhuun bo (otl L, ctdansiny .
& emd phten, abo ¢ E = &.Saer93. Tlaw

(i} The pumping rate is now increased, making the population inversion greater,
Suggest why this makes the output power greater than before. 2]
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6. A simplified energy level diagram is given for a four level laser system.

P 3.07 x 107'8Y
U 2.66 x 1078y
L 2.21x107"8y
ground 0
(@) Calculate:
(i) the wavelength of radiation emitted by stimulated emission; [3]

(i)  the number of photons of this radiation emitted per second if the output power of the
laser is 15mW, [2]

(iii)  the energy of a photon emitted in a stimulated emission event as a percentage of
the energy needed for a pumping event. 2]
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(b) As light goes from one end of the laser cavity to the other, its intensity increases.
(i) Referring to the energy level diagram, explain in terms of photons how the increase

in intensity takes place. [Assume that a population inversion has already been set
up.] [3]

(i) The pumping rate is now increased, making the population inversion greater.
Suggest why this makes the output power greater than before. [2]
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