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Sticky Note
Usually the question number

Sticky Note
The number of candidates attempting that question


Sticky Note
The mean score is calculated by adding up the individual candidate scores and dividing by the total number of candidates. If all candidates perform well on a particular item, the mean score will be close to the maximum mark. Conversely, if candidates as a whole perform poorly on the item there will be a large difference between the mean score and the maximum mark. A simple comparison of the mean marks will identify those items that contribute significantly to the overall performance of the candidates.
However, because the maximum mark may not be the same for each item, a comparison of the means provides only a partial indication of candidate performance. Equal means does not necessarily imply equal performance. For questions with different maximum marks, the facility factor should be used to compare performance.


Sticky Note
The standard deviation measures the spread of the data about the mean score. The larger the standard deviation is, the more dispersed (or less consistent) the candidate performances are for that item. An increase in the standard deviation points to increased diversity amongst candidates, or to a more discriminating paper, as the marks are more dispersed about the centre. By contrast a decrease in the standard deviation would suggest more homogeneity amongst the candidates, or a less discriminating paper, as candidate marks are more clustered about the centre.


Sticky Note
This is the maximum mark for a particular question


Sticky Note
The facility factor for an item expresses the mean mark as a percentage of the maximum mark (Max. Mark) and is a measure of the accessibility of the item. If the mean mark obtained by candidates is close to the maximum mark, the facility factor will be close to 100 per cent and the item would be considered to be very accessible. If on the other hand the mean mark is low when compared with the maximum score, the facility factor will be small and the item considered less accessible to candidates.


Sticky Note
For each item the table shows the number (N) and percentage of candidates who attempted the question. When comparing items on this measure it is important to consider the order in which the items appear on the paper. If the total time available for a paper is limited, there is the possibility of some candidates running out of time. This may result in those items towards the end of the paper having a deflated figure on this measure. If the time allocated to the paper is not considered to be a significant factor, a low percentage may indicate issues of accessibility. Where candidates have a choice of question the statistics evidence candidate preferences, but will also be influenced by the teaching policy within centres.
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(@ A beam of light passes from medium 1, of refractive index n; = 1.50, into medium 2, of

refractive index ny = 1.20.

medium 1 medium 2
(n1 =1.50) (n2 =1.20)

BC =10.0mm

B
(i) Calculate the speeds of light in the two media. 1]
MEAIUM T e
MNEAIUIM 2 e

(i)  Show clearly that the end, A, of wavefront AB will take 2.5 x 10~"'s to reach the
boundary at C. [Note that distance BC = 10.0mm.] [2]

(iii)  While A is travelling to C, the end, B, of wavefront AB travels to D, through medium
2. Calculate the distance BD and hence the angle 0,. [2]
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(b) A diagram of an optical fibre is given.

cladding

axis core (n = 1.500)

cladding

(i) Show clearly that a light pulse travelling along the axis of the fibre takes 8.0us to
travel through 1.6 km of fibre. [2]

(i) The greatest angle, o, to the axis at which light can travel through the core without
escaping is 14°. Calculate the refractive index of the cladding. [3]

cladding

axis core (n = 1.500)

cladding

(i)  Calculate the difference in times taken for a pulse to travel through 1.6 km of fibre
by the routes in (b)(i) and (b)(ii). [2]
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4. (s) Abeam of light passes from medium 1, of refractive index », = 1.50, into medium 2, of

refractive index a., = 1.20.

medium 1 rnedium 2
(n, = 1.50) (2= 120

/‘E”;;q /
s

P

"W\

o] %
e i BC = 10.0mm

AN, N :
![Vm”?! f""‘l..{l} Calculate the speeds of Bght in the two media, , |

E;iﬂ“- = Ted0® medium 1 a—11] I/
L =0\ .00 0o mﬂ My
fiﬁ'l{'jﬂ) |N medium 2

Ltra_%_cﬂ A S }qo“a, |

{iy  Show clearly that the end, A, of wavefront AB will take 2.5 = 10-113 to reach the

boundary at C. [Mote that distance BC = 10.0mmm.j 2]

Lo - AC . AC= D0 = Sclo™
*-,,m“tc} S0 S0
Gaek "l‘;ﬂ@'gm dine Lo 05 - 95007

{illy  While A is travelling to C, the end, B, of wavelfront &B travels to D, through medium
2. Calculate the distance BD and hence the angle &, i

ﬂ S Yol Eg ﬁ Sin @ i bR D".HJ.

b g_f:‘lﬂy::’ 1"1 f‘)a.ﬁ 91 T quﬂ?‘i‘ : ! e
i (52,6, . ) Wt

(W) Check your value of &, using a refraction ian imeatving my and m.. 2
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(b} A diagram of an oplical fiore is given. =t
(1}  Show ciearly that a light pulse travelling along the axis of the fibre takes B.0ps to
Hauellf'mughtﬁ'mmﬁbm
;/jﬂﬂ@» b = dit _@gg.
o 3
s et 5@16_’“

Tha le, rx, to the ak which th Ihuut
i Mwm:ﬁ cﬁummﬁmmkﬂmmmmw ki
‘\,5an = Eﬂr\@

WS ';-m“lﬁ* ﬂl ‘JN“( s
) 51#\“{
(i} Calculate the difference in times taken for a pulse to travel through 1.6km of fibre
by the routes in (BXI) and (). 2l &
|
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4. (a) Abeam of light passes from medium 1, of refractive index », = 1.50, into medium 2, of
refractive index n, = 1.20.

medium 1 medium 2
(n, = 1.50) (n, = 1.20)

BC = 10.0mm

N, >

I(}.xlb') |s‘v (i) Calculate the speeds of kght in the two media. 1]
}?%’- =\ = /0% medium 1

AN =0

'(’Sslo‘) IN @mz :

lBXU) N DS e

boundary at C. [Note that distance BC = 10.0mm.] 2]
x> - AC  AC= WSRO = S<10™* /r
5,,\30 S0 $n 90

W ,QL_A_M hw:. dmm% 'ZSIO'“

(iii) While A is travelling to C, the end, B, of wavefront AB travels to D, through medium
2 Calcmmmeduslanceaoandhaumemgleaz 2]

‘ §$>ABO = \"L Sm 91 . S’,&Q.‘? '

St (22220, ©,-Be68 \.‘...39 i ‘“)..@

pan Bl
A S‘mg (\IS“\Q‘L
\xSSmBO W—Sv@

IS Sy

(i) Show clearly that the end, A, ofwavefrontABwiltakozsx 10~"'s to reach the |

a2
010082
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Sticky Note
One of the digits in the answer is wrong, but had been given correctly in (a)(iii). Benefit of doubt (bod) was appropriate here.

Sticky Note
Rather than calculating BD (from speed x time), and hence Ɵ2, candidate finds Ɵ2 using the same method as in (a)(iv), and works backwards to calculate BD. No credit can be given for this.


(b) A diagram of an optical fibre is given.

(i) Show clearly that l ight pulse travelling along the axis of the fibre takes 8.0us to
travel Ihmugh of fibre (2]

gpead __3@&2. bme = di

: Speed. ::;_:
Eme- ””""f, Bl

(i) The greatest angle, «, to the axis at which light through%g without
escaping is 14°. Calculate the refractive index of the cladding. [3]

-

Nsin©, = N 50O,
WS w\‘l() f\ SNUc >< ><

(i) Calculate the difference in times taken for a pulse to travel through 1.6 km of fibre
by the routes in (b)(i) and (b)(l). 12]
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Sticky Note
Although the correct angle, 76°, had been marked in the diagram, 14° was used in the Snell’s law equation. No bod this time. The equation itself had other mistakes, so (b)(ii) scored 0.
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4. (s) Abeam of light passes from medium 1, of refractive index n; = 1.50, into medium 2, of
refractive index », = 1.20.

medium 1 medium 2
(m=150) | (n,=1.20)

/ H%g:

5, BC = 10.0mm
=

(i) Calculate the speeds of light in nr% two me!:ﬂa. i
X g ot
LI T s e s AN S l&lﬂgm "

(i) Show clearly that the end, A.afwmmmmmz,sx 10~"s to reach the
boundary at C. INﬂnMﬂmEﬁ-mﬂm] 2]

w el \Etﬁﬁl : gg&ﬂ'l: Z'SKI.D‘ l?

. 1 i
m;-——-‘“ 9 Byl
Xio

(iify  While A is travelling to C. the end, B, of wavelront AB travels to D, through medium
2. Caleulate the distance BD and hence the angle &, 2
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gy A disgram of an opfical fibre is given.

(i) Show clearly that & light pulse travalling slong the wais of the fibre takes 8.0 us o
lmve&timm 1 ﬂlmol Ibm [2]

B \-5= ¢S Lxig ms L

~ BX\0 T —
e =0 = @il tw=2ops
(i) The grestest angle, o, to the axis at which light car travel through e cong without
escaping 5 14°. Calculats the ralractive ndex of the cladding. 2]

(W) Caloulsle tha difference in times taken for a pulse o trawel throunh 1.6 km af tibee
tq-ﬂmmmh{b_}{jamwiiiﬁ [£]

Toe = 1.6 E_-*E..x.o o (2, 5 ﬁ’
............. LB q *.-.w (¥ o R

WO el L. [REEEs
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Sticky Note
Distance BC used instead of AC. A mysterious factor of 2 enters at the end, so the right answer emerges. No credit can be given for this.
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(b) A diagram of an optical fibre is given.

(i) Show clearly that a light pulse travelling along the axis of the fibre takes 8.0us to E 5

travel through 1.6km of fibre.g [2]
- % "S K\ = % - \
% e = e me
\
2
~ e Xx\0
—— 1;" l\oe ................................................
(i) The greatest angle, a. to the axis at which light can travel through the core without
escaping is 14°. Calculate the refractive index of the cladding. [3]

by the routes in (b)(i) and (b)\ii). 2]

e 3
Uwme = \.6X10 A ,JO/ .............................................. 7

(i) Calculate the difference in times taken for a pulse to travel through 1.6 km of fibre g

.................................................................................................
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Sticky Note
At first sight the method seems quite invalid, with the wrong distance and the wrong speed for the zigzag route, yet the answer is very nearly right. In fact there is nothing wrong: 1600 m has to be divided by cos 14°, and ‘then’ by  2.0 × 108 . The bottom line of the fraction, 1.94 × 108 , is  2.0 × 108 × cos 14°, so all is well! 

Sticky Note
A mark was given for the attempted use of 76°, but the Snell’s law equation is wrong.


? I
4 (@ A boam of lght passes from medium 1, of reffacive index y = 150, into medium 2, oy
refractive i ny=1.20

miadium 1 medium 2
(m =150) | (1, =1.20)

: \\h BC = 10.0mm

L
CEETR

fi) cmrhammmmmmmm i
medum 1, 3*.?15?__ Eaaretant
5
medium 2 .. ;'-‘,xf g 2 5.:5'_}(} Vs 20
Fed

{iiy Show clearly that the end, kafmmmmmmmzﬁxm-"ammmr
boundary at C. [Note that distance BC = 10.0mm.]

(i) %ﬂehlsmmmmc the end, B, of wavefront AB travels to D, t i madium
!Mwlmmmmwﬂbaﬂhanmthaanghﬂz {7 25 ."{'?_” 2]

ﬂ.u':l Gthmnfﬂzuamamﬂmneqmmangn,andq. 21
I 35m 30 "r" 2;'-& 5
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{b} A diagram of an opfical fibre is given.

(i) Show clearly that a light pulse travelling along the axis of the fibve takes 8.0us to
travel through 1.6 km of fibra.

= el LS o™k o
e Bats..

(i) The greatest angle o, to the axis at which light can travel through the core without
escaping is 14°, Calcutate the refractive index of the cladding. 1]

{ii} Calculate the difference in times taken for a pulse to travel through 1.6 km of fibre
by the routes in (b)) and (BN, 2

t=4 s i R

e BRI = it o o e S
g T T N
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Sticky Note
Examiners do look at crossed-out working, provided that it’s not replaced, but unfortunately there was nothing to reward in this case.

Sticky Note
5 mm wrongly written as 0.05 [m], which would give an answer for time of 2.5 × 10-10 s . One mark lost for slip. Examiners check the working for ”Show that” answers with special care!


(b) A diagram of an optical fibre is given.

(i) Show clearly that a light pulse travelling along the axis of the fibre takes 8.0us to
travel through 1.6 km of fibre.

sz pod = et S0 5 o
: 2 2408y s,w

(i) The greatest angle, o, to the axis at which light can travel through the core without
escaping is 14°. Calculate the refractive index of the cladding. 13

(iii) Calculate the difference in times taken for a pulse to travel through 1.6 km of fibre
by the routes In (b)(‘) and (B)(H). 2]

b= & - L5 29_.7.._.._7_(...,,..;._o..:_é... 21 e

T

W S
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Sticky Note
Although the answer is right, the method is invalid. The zigzag path is claimed to be of shorter length than the straight path. Presumably this arose from misuse of 
cos 14°. No marks.

Sticky Note
The refraction equation (n2 /1.5 = sin 14°)   would have been correct if 76° had been used instead of 14°. Hence the mark was given.


6.
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(a) A laser emits 25W of coherent infra-red radiation of wavelength 1064 nm.

(i) Explain what 'coherent' means in this sentence. [2]
(i) Calculate the photon energy. 2]
(i)  Calculate the number of these photons leaving the laser per second. [1]

(iv) A simplified energy level diagram for this (four level) laser is given.

level P

level )| m—— — —

level L 0.42 x 107
ground state 0

() Show, with an arrow, on the diagram the transition associated with emission
of the infra-red radiation. [1]

(I In the box provided in the diagram above, write the energy of level U. [1]

© WJEC CBAC Ltd. (1322-01)
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(b) 'Light" amplification occurs as the radiation passes through the amplifying medium in the
laser cavity.

infra-red
radiation
| A N ————
100% reflecting partially reflecting
mirror amplifying mirror
medium

Explain how light amplification occurs. Start by explaining what is meant by stimulated
emission, referring to the diagram in (a)(iv). [4]

© WJEC CBAC Ltd. (1322-01) Turn over.
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1

{b) ’Light' amplification ogours as the radiation 5 h the ifying medium in the
b) mﬁwm passes through the ampiifying in

Aot

| *
& )
paﬂﬂmmm

100% reflacting
mirror ampiifying
medium

Explain how light amplification aiccurs. Start by explaining what is meant by stimuiated
[4]

ernission, referring to the diagram in (a)(iv).
5&-*-#[@«141 SEeR e s Lhees can Ju*-ul'lh-bﬁ F“G{'ﬂ‘“ c’-“‘kﬁ'ﬁ (8 Mﬂ'-ﬂ...
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[ ]
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R

el i
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Sticky Note
(II)  The photon energy, EU – EL is marked instead of the energy of EU above ground level. Quite a common mistake.

Sticky Note
“Same frequency” gets the ‘monochromatic’ mark; the spread of frequencies is very narrow. “In phase” not credited: what is in phase with what?




Sticky Note
The first sentence tries to include too much, and fails to make the key point that a photon is emitted when the electron falls. Amplification is therefore never explained. The sentence does contain the reason for having to have a population inversion, and this gained one of the two marks available for subsidiary points. The fall of the electron is not related to specific energy levels as the question requires. The mirrors are made to seem directly responsible for more photon emission, rather than serving to lengthen the path through the amplifying medium.










Sticky Note
Hard to attribute any meaning to “a wave with a constant phase difference”.




ebbswm
Sticky Note
First six lines contain the two key points (passing photon causes electrons to drop from U to L (“down a level” implies to L), and extra photon emitted), and two subsidiary points: incident photon must have energy EU – EL, and emitted photon in phase with incident photon. 










Sticky Note
(I) The energy level diagram clearly not understood in relation to the operation of the laser.
	
(II) Indeed the whole idea of an energy level diagram seems poorly understood, with level L energy subtracted from the photon energy.


Sticky Note
“Fixed phase relationship” between? No credit for this.




Sticky Note
A good answer, marred by more confusion over energy levels (third line).


7.

12

The star Sirius A has a surface temperature of 9900K and a luminosity (total power output of
electromagnetic radiation) of 1.00 x 102 W.

(@ (i) Calculate the star's wavelength of peak spectral intensity. [2]

(i) Sketch on the axes a graph of spectral intensity against wavelength for the
continuous spectrum of Sirius A. (Note: make the peak spectral intensity three or

four large squares above the wavelength axis.) [2]
spectral A
intensity
0 >
0 200 400 600 800 1000 1200
wavelength/nm
(i)  What colour would you expect Sirius A to be? 1]
(b) Use Stefan's Law to calculate the diameter of Sirius A. [3]

© WJEC CBAC Ltd. (1322-01)
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(c) The diagram shows the lowest energy levels of a hydrogen atom, and five possible
transitions between these levels.

third excited state
second excited state

first excited state

[u——

B

ground state

(i) Name the process (involving photons) which is responsible for the transitions. [1]

(i) Briefly describe the observed feature of the spectrum of a star which this process
explains. (1]

(iii)  All the transitions shown in the diagram take place in the atmosphere of Sirius A.
State which group of transitions, L or B, is almost completely absent in a much
cooler star, giving a reason for your answer. 2]

TURN OVER FOR QUESTION 8
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12
7. The star Sirius A has a surface Wﬂmnwamwmmrmmu :
electromagnetic radiation) of 1.00 x 1

fa) (i cummﬁmmmmwmmm 2]
: Jevot TR

ﬁq-qm

(i) Sketch on mmammwmmwmmm
‘confinuous spactrum of Sirius A. (Note: make the peak spectral intensity three or
four large sguares above the wavelength axis.) 2]

-t 1 + pef e e B "r-
+ r

- 1 e LT B

. i —pf b -4 1+
i 1
= 1

| . I EE
E ] 1 I | 13 NE
= s = =
t I 1 T = - I_'?_
i o 1
B . AT T 4
4+ | A=A
L e

M

B R R R S 35
PNERESE S5a2 e ERiainEame 2 EaRREERIIIE -
0 200 400 600 800 1000 1200

i

(i What colour would you expect Sirius A to be? [

&) Uwﬁ%ﬁmhcﬁmﬁm#ﬂﬁmﬁ ]
IR il L
Emc = AT ;;_ﬁmj'*

A~ .-a—ll‘—“‘ % A 1 i.}s...z_._@_..
qnm* 3 f.ﬁfh, tn

b e

e L Y i b bl TR L 1 e T T

08 FOO0Es W

BwiECCIACLE ARE ] - LY ® D
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¢} The diagram shows the lowest energy levels of a hydrogen atom, and five possitie |
fransitions between these levels,

(i}

(i)

. third excited stale
¥ I second excited state

L first excited state

o

ground state

T

L

Name the process (involving photons) which is responsible for the ransitions.  [1] |

Briefly describe the observed fealure of the spectrum of a star which this process
explaing m

Cblack  laotd LS PESYIMA

All the transitions shown in the diagram take place in the atmosghere of Sirius A.
State which group of fransitions, L or B, is aimost completely sbsent in 3@ much
cooler star, glving a reason for your answer, [2]

B 15 suoyess  lotcaurt o coclass S

TURN OVER FOR QUESTION 8
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Sticky Note
Right method. Slip in power of 10 loses one mark.

Sticky Note
Confused with X-ray spectrum.

Sticky Note
Unit omitted. Not penalised in this question, but dangerous.




Sticky Note
On the ecf principle, taking pumping to mean raising to a higher energy level, this answer did suggest some understanding. For the second mark, though, it needed to be said that all the atoms (or electrons) would be in the ground state (or hardly any in the first excited state) so unavailable for promotion via a B transition.

Sticky Note
Absorption and excitation were accepted. Pumping was not, as it is a specific laser term, meaning raising electrons’ energy levels by some non-thermal means.
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radiation) of 1.00

1 @mmanmn Wﬂ&%mmammmmﬂ

(@) () Caloulate the star's wavelength of peak spectral intensity.
L {5 T
(l xio"*> ‘/??{po)
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intersity = P e pE w—— e
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0 200 400 600 800 1000 1200

(i} What colour would you expect Sirius Ao be?

2

) L e . G

(B} Use Stefan's Law to calculate the diameter of Sirus A,

(®: 5.8 £10' (criMgnn

iameter = 4§34 (284 |
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fc} The diagram shows the lowest energy levals of a hydrogen atom, and five possible
fransitions batween thesa levels,

—_— third excited state
[ second excited state

L first exclied siate
B

ground state

L

(i} MName the process (involving photons) which is responsible for the transitions,  [1)

o Lagpgy shimibted oneission

(if) Briefly describe the observed feature of the spectrum of a star which this process |

enplaing, (1

’flﬁ ..cl.c.ldu.rt L 1 5 *H».Q ¢ —'ﬁﬁ@'
Ve 2 pins =

(i) Al the transitions shown in the diagram take place In the atmosphere of Sirus A.
State which group of transitions, L or B, is almost completaly absen! in a much
cooler star, giving & reason for your answear, 2]

g, becm‘sﬂ . a  cooles  Bteus Hens

LS Snerge Yo caeﬁ rup Yo peest
Mrrf@a’ Sete. P f

TURN OVER FOR QUESTION 8
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Sticky Note
Right method throughout, but a mathematical slip.

Sticky Note
The above led to an incorrect graph. Impossible to operate ecf here.

Sticky Note
W in Wien’s equation mistaken for luminosity. A bad mistake...




Sticky Note
Comment is relevant, but needed re-inforcing along the lines: therefore hardly any electrons in first excited state to make B transitions.

Sticky Note
Point missed.

Sticky Note
Candidate ignores arrow direction.
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T mmmnMamawﬁemmam power output of -
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{Hi} What colour would you expect Sinus A to be? m

___________________ o BloeAndd W

(b) Lmaammm calculate the diameter of Srius A.
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{c) The diagram shows the lowest energy levels of a hydrogen atom, and five possible

13

transitions between these levels.

{i)

i)

(i)

third excited state
I sacond sxcHad siale

flrst excited state

ground state

[

L

Name the process (involving photons) which & responsible for the transitions.  [1]

Briefly describe the observed feature of the spectrum of a star which this process
mq:ia'ns m

1’%“ iobon o Lhs 15 whee
quﬂ rﬂ-plﬂLh.

All the tnamktma shown in the diagram take place in the atmosphere of Sidus A, |

State which group of transitions, L or B, i3 almost completely absent in a misch
cooler star, giving a reason for your answer,

B h&cmjaﬂr-n&dcnlef }'C/‘

gﬁ Lﬁiﬁ'rﬁ"mﬂ‘ﬂ?ﬂ “U’ﬂ,

TURN OVER FOR QUESTION 8
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Sticky Note
The Stefan equation is correctly re-arranged and data correctly inserted. A factor of 4 is omitted in the surface area formula (one mark lost here), but more seriously, the p is mishandled in the square-rooting operation.

Sticky Note
Inevitably the peak is at the wrong wavelength, but also the intensity drops to zero at a finite wavelength. The initial flat region is hugely exaggerated.

Sticky Note
Two non-trivial mistakes in using Wien’s law.




Sticky Note
“No ground state” shows serious confusion.

Sticky Note
No understanding shown.
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Question

Marking details

Marks

Available
@ | () | medium1: 2.0 x 108 [ms™] and medium 2: 2.5 x 10° [m s™] 1
(ii) | Correct use of sin 30° seen clearly (1) 2
. . d .
Rest of argument, including use of t =— [ecf on v and on value of sin
Vv
30°, if failure to reach the stated time is noted]. (1)
(iii) | BD=2.5x10%ecf x 2.5x 10 [m] [= 6.25 mm] or by implication (1) 2
0,=38.7° (or 39°) ecfonv=25x10° [ms?] (1)
(iv) | 1.50sin30°=1.20sin & (1) 2
Therefore 6,=38.7° (or 39°) no ecf (1)
() | (i) |Useofv=2.0x10%[ms?*] (1) 2
1600
t=——[s] ecfonv (1
2.0x10° g @
(ii) | Critical angle = 76° or by implication (1) 3
Neiad [x SiN 90°] = 1.500 sin 76° ecf on 76° or by implication (1)
Neiad = 1.455 or 1.46 do not accept 1.45 noecf (1)
i) | AC _ . 2
(i) E =cos 14° or equivalent or by implication (1)
At=0.24 us ecfonv (1)
Question 4 Total [14]
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Question

Marking details

Marks

Available
@ | () | Any2x (1) from: 2
» Monochromatic or same frequency or same wavelength
» Wavefronts continuous or light in phase across width of beam
+ Photons in phase
C hc 2
iy | Useof E=hfand f=—or E=—(1
(i) 1 1 1)
1.87 x10™° [J] (1)
(iii) | 1.3 x 107 [s"] ecf 1
(iv) | Downward arrow from U to L (1) 2
2.29 x 10™ J (or 2.3 x 10°J) (1) ecf
(b) [Passing] photon stimulates electron to drop fromUto L (1) 4
Emitting another photon (1)
Any 2 x (1) from:
» Process may happen repeatedly (or equivalent) as photons
traverse cavity
» Population inversion [between U and L] needed for stimulated
emission to predominate over absorption
*  Pumping to P and drop to U brings about inversion
» Level L self-emptying so less pumping needed or population
inversion easier to accomplish
» In phase with or travelling in the same direction as or polarised
in the same direction as or identical to passing photon
«  Stimulated photon must have an energy of 1.87 x 10™ J or
equivalent
Question 6 Total [11]
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Marks

Question Marking details Available
Tew _ 2.90x10™ [m] orequivalent (1) ’
P 9900
Apeak = 293 x 10° [m] (1)
(ii) | Peak between 280 and 300 nm (1) 2
Curve goes through origin [with zero gradient at origin] and is
consistent with approaching zero at very long wavelengths (1)
(iii) | Blue accept white or violet or purple 1
(b) L , : 19 2 3
A= = with A as subject, with symbols or data or 1.84 x 10~ m“ (1)
O
Attempt touse A=4zar’and d=2r or A= zl* (1)
d=2.4%10"m ecf on slips of 2" or 10" if already penalised (1)
(c) (i) | Absorption accept excitation Don’t accept pumping 1
(ii) | Dark / black lines crossing or missing wavelengths [continuous] 1
spectrum or coloured background
(iii) | B almost absent and any reference to populations of levels (1) 2
First excited state not populated [so no transitions start here] or all
electrons in ground state (1)
Question 7 Total [12]
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