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Answer all questions.
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The readings are plotted as shown.

Anwen sels up the circull shown in order (o investigale a cell. The vanable resistor is adjusted
and readings are obtained from the voltlmeter and ammeler. -

(@)

what this statement means.
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The manufacturer claims thal the emf of the cell is 1.50V. Explain, in lerms of energy,
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(b) Anequation applying to a cell of emf, £, and internal resistance, r. is:
V=FE-~]Ir
(i) Explain how Anwen's graph is in good agreement with this equation. {2
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(i) Calculate the gradient of the line and hence delermine a value for the cell's
internal resistance LGS T (2}
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(i)  Evaluate the manufacturer’s claim that the erf is 1.50V. {1
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(c) () Use the graph to determine the greatest current the cell can supply. {1]
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(i) State the resistance of the variable resistor when the current is at its maximum. {1)
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Answer all questions. |

1. Anwen sels up the clrcuit shown in arder to investigate a cell. The variable resistor is adjusted ‘
and readings are oblained from the voltmeter and ammeter.
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The readings are plotted as shown.
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(8) The manufacturer claims that the emf of the cell is 1.50V. Explain, in terms of energy,
what this statemant means.
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(b)

)

An equation applying to a cell of emf, £, and internal resistance, r. is:

=k~ Ir
() Explain how Anwen's graph is in good agreement with this equation. (2]
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(i) Calculate ihé gradient of the line and hence determine a value for the cell's
internat resistance, 121
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(i) Evaluate the manufacturer’s claim that the emfis 1.50V, (1]
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(i} Use the graph to determine the greatest current the cell can supply. [1]
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(i) Siate the resistance of the variable resistor when the current is at its maximum  {1]
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Arnswer all questions.

Anwen sets up the circuit shown in order to investigate a cell. The variable resistor is adjusted
and readings are obtained from the voltmeter and ammeter.
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The readings are plotted as shown,
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(@ The manufacturer claims that the emf of the call is 1.50V. Explain, in lerms of energy,
what this statement means. :
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(b)  An equation applying to a cell of emf, I, and internal resistance, 1, is:

()

(i)

(i)

{ii)

=E-Ir

Explain how Anwen's graph Is in good agreement with this equation. 14
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Cailculate the gradient of the line and hence determine a value for the cell's

internal resistance. 2]
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Use the graph to determine the greatest current the cell can supply. H]
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State the resistance of the vatiable resistor when the current is at its maximum. [1]
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Marks available

Question Marking details
AO1 AO2 AO3 Total Maths Prac
1]@) 1.5J [of energy] transferred [from chemical] to electrical [potential]
(1)
per coulomb / per unit charge [of charge flowing through the source] 2 2
1)
(b) | @) Straight line or negative gradient (1)
Positive intercept on pd axis or points close to best fit line (1) 2 2 1 2
(i) | Gradient calculated to be - 0.54 £ 0.02 (1)
r=0.54Q ecf (1) unit mark 2 2 2 2
(iii) | y-intercept = E = 1.45[V] so claim incorrect / correct plus valid 1 1 1 1
comment e.g. correct as close to 1.50
Accept calculated value of E from gradient ecf in (ii) with comment
(c) | () |2.7[A] Accept 2.65 [A] 1 1 1 1
(i) | Zero 1 1 1
Question 1 total 2 4 3 9 5 7
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Answer all questions.
1. Anwen sels up the circult shown in order (o Investigale a cell. The variable resistor is adjusted
and readings are abtained from the vollmeter and ammeter.
©] J
/A
(A)
The readings are plotted as shown.
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(@) The manufacturer claims thal the emf of the cell is 1,50V. Explain, in lerms of energy,
what this statement means. 21,
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Sticky Note

Candidate has correctly identified '1.50 J' of energy being transferred to electrical energy per coulomb. 2 marks awarded. They also correctly reference 'chemical for the cell', however, this was not a requirement on the marking scheme. 
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(b) An equation applying o a cell of emf, £, and internal resistance, r, is: o
V=E~1Ir
(i) Explain how Anwen's graph Is in good agreement with this equation. 2]
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(i} Calculate the gradient of the line and hence determine a value for the cell's
internal resistance = 2}
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(i) Evaluate the manufacturer's claim that the emf is 1,50V, H)

Tk T Lus . Bt dee s T

SR g

fa
5]

(c) () Use the graph to determine the greatest current the celi can supply. i1]
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(i) State the resistance of the variable resistor when the current ig at its maximum. [1) !
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Sticky Note

The first part of the candidate's response is enough for the 'positive intercept' mark through implication. The second part of the candidate's response gets the first mark. It is good to see reference of the 'negative gradient' but a 'straight line' comment alone would have been enough here. 
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Sticky Note

Candidate has correctly calculated the gradient to be -0.54 and shown the internal resistance is 0.54 ohms. 
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Sticky Note

The candidate has realised that the intercept is 1.45 [V] and that this is not the same as the manufacturer's claim. The ohm symbol was not penalised here. 
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Sticky Note

Candidate has used the graph to correctly answer (c)(i) and (ii).
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Answer all questions.

1. Anwen sels up the clrcuil shown in arder to investigale a cell. The variable resistor is adjusted ‘
and readings are oblained from the voltmeter and ammeter.
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The readings are plotted as shown.
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(8) The manufacturer claims that the emf of the cell is 1.50V. Explain, in terms cf'energy.
what this stalement means.
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Sticky Note

Candidate has not shown any detailed understanding of the energy transfers taking place in a cell.





(b)

(c)

An equation applying to a cell of emf, £, and internal resistance, r, is:

{3

V=F-Ir

#

Explain how Anwen's graph is in good agraement with this equation,
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Calculate thé gradient of the line and hence determine a value for the cell's

inernal resisiance,
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Evaluate the manufacturer’s claim that the emfis 1,50V,

12]

(1]

I q:???fijg? %_ﬁﬂ{fgj tfgl& et ffﬁ.gﬁ% £ [‘f"ﬁ? % |

e f ;fi’lzﬁw

Use the graph to determine the greates! current the cell can supply.
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Sticky Note

Unfortunately, the candidate did not comment on Anwen's graph. Correct answers for this question usually made reference to the 'straight line' and the 'positive intercept'.



dspea

Sticky Note

The candidate has correctly calculated the gradient for the first mark, however, they were not able to arrive at the correct answer for the internal resistance.



dspea

Sticky Note

Candidate response is too vague for credit in this 'evaluate' question.



dspea

Sticky Note

Candidate has used the graph to correctly answer parts (c)(i) and (ii).










2

Answer all questions.

1. Anwen sels up the circuit shown in order o investigate a cell. The variable resistor is adjusted
and readings are obtained from the voltmeter and ammeter.

- = g
v L i
e /]
{A)

g

The readings are plotted as shown,
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(a) The manufacturer claims that the emf of the cell is 1.50V. Explain, in terms of energy,

what this statement means. [2]
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Sticky Note

The candidate is credited with the second mark but misses the first mark as the '1.50 V' should read '1.50 J'. In this question part, the correct unit was required.





Examiner
. onf
(b) An equation applying to a cell of emf, £, and internal resistance, r, is: “y

FeE-Ir

(i) Explain how Anwen's graph is in good agreement with this equation.
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(i) Calculate the gradient of the ling and hence determine a value for the cell’s

internal resistance. 2]
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(i) Evaluate the manufacturer's claim that the emf is 1.50V,
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(¢} (i) Use the graph to determine the greatest current the cell can supply.
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(i} State the resistance of the variable resistor when the current is at its maximum. 4]
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Sticky Note

The candidate correctly identifies the negative gradient and the y-intercept as being 1.50 V. They also rearrange the given equation into the form y=mx+c. This was not awarded direct credit here, but did aid the candidate in the  subsequent question parts.
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Sticky Note

The candidate has made an error in the gradient calculation. They are awarded the second mark with ecf. Please note that the unit is required for the second marking point.



dspea

Sticky Note

'The emf is 1.45' implies it is different to the stated 1.50 V. The mark is awarded with an element of bod.



dspea

Sticky Note

Parts (c)(i) and (ii) are correctly answered by the candidate.










Answer all questions.

1.  Anwen sets up the circuit shown in order to investigate a cell. The variable resistor is adjusted
and readings are obtained from the voltmeter and ammeter.
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The readings are plotted as shown.
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(@) The manufacturer claims that the emf of the cell is 1.50V. Explain, in terms of energy,
what this statement means. [2]
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(b) An equation applying to a cell of emf, E, and internal resistance, r, is:
V=E-1Ir
(i) Explain how Anwen’s graph is in good agreement with this equation. [2]

(ii) Calculate the gradient of the line and hence determine a value for the cell’s

internal resistance. [2]
(i)  Evaluate the manufacturer’s claim that the emfis 1.50V. 1]
() (i) Use the graph to determine the greatest current the cell can supply. 1]
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4. (8) A modern version of Young's double slit experiment is sel up as shown.

Array of closely

spaced light sensors
Two slils (centres {
;‘ 0.50 mm apart) ]
e e e
s
oser Diagrams not
1.50m : ") drawn to scale
w
0

The array of light sensors is connected to circuitey that displays a graph of light intensity

along the line AB.
B
//\/\/Wv” B
2 3 4 5 6 7 8 9 10

N

A
f
Intensity h
i

0 1
“"—z"“’ Distance along AB/mm ——e
[+ -
(i} Calculale a value for the wavelength of light from the laser. 13}

’7\“«"’3_§ aad om0 =0-5Cmm, D =Ls0m

W = B <ie ) k@«%*m&)

y »,9 e
= h%iG
AL o

(i} Each slit is several wavelenglhs wide. Suggest why the inlensity of the bright
fringes decreases the further the ringes are from the centre of the pattern. 12]
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(i} A student suggests that replacing the laser with one that emits near infra-red (that
s infra-red just beyond the end of the visible spectrum) will increase the fringe

separauon
|. Explain whether or not the student is right. 2]
A= ‘Wé N 2N v foinge sepechicon | Tabpd
s gretde- w.i%%{'\ fhany  Lisibly | W Le N
(neretses =7 8 ot increse (B B consed)
=D ¥y stuceAd > cornedd .

il. State one way in which the fringe separation could be increased without
changing the laser. w) 1

Incng . Yhe St behuan b €Wl ser

(b) More than 200 years ago Thomas Young drew a conclusion from his 'fringes’
axperiment, It was not generally accepled for several years. State what conclusion
Young drew, and suggest what needed to be done by the scientific community for the
conclusion to be accepted. {3]
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Two slits (centres
¢ 0.50mm apart)

5

b A
I_k.} :

Laser

150m -

A modern version of Young's double sl experiment is sel up as shown.

Array of closely
spaced light sensors

£8

Diagrams not
- drawn {o scale

The array of light sensors is connecled to circuitry that displays a graph of light intensity

along the line AB.

h Y, /\/\/‘

1 2 3 4 6§65 6

7

Distance along AB/mm —

(iy Calculate a value for the wavelength of light from the laser. [3]

A ady
D(

1
C"-:C): C:’{‘ j =

[.5

=5

{ Su

o

P T I T e
Ylo 2 5xlo”7

CA=S%1 m

Each slit is several wavelengths wide. Suggest why the intensity of the bright
fringes decreases the further the fringes are from the centre of the pattern.
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(i) A student suggests that replacing the laser with one that emits near infra-red (that
is infra-red jus! beyond the end of the visible spectrum) will increase the fringe

separalion,
I.  Explain whether or not the student is right. (2}
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{t. State one way in which the fringe separation could be increased without
changing the laser. 1]

crease odobice  befwees  Shity

{by More than 200 years ago Thomas Young drew a conclusion from his ‘fringes’
experiment. # was not generally accepled for several years. State what conclusion
Young drew, and suggest what needed fo be done by the scientific community for the

conclusion to be accepted. [3]
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4. (a8 A moterr version of Young's double shit experiment is set up as shown.
Array of closely
G el spaced light sensors
Two slits (centres
/ 0.50mm apart]
T 8 -—_—
LA g 9
Laser _
Diagrams not
1 50m drawn to scale
o
The array of light sensors is connected o circuitry that displays a graph of light inlensity
along the line AB.
A : B
Intensily
PR P
i
Distance along AB/mm — “g:
(1} Calculate a value for the wavalength of light from the laser. (3]

A ay
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(i) Each slitis several wavelenglhs wide. Suggest why the inlensily of the bright
fringes decreases the further the fringes are from the centre of the pattern. [2]
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Examingr

_ _ !
(iii) A student suggests that replacing the laser with one that emils near infra-red (that e

is infra-red just beyond the end of the visible spectrum) will increase the fringe
saparation.

I Explain whether or not the student is right. [2]
Ras S VUSRS TLAATS S o FO T L s

G MU eOROngEh . A BRL BWeL paskaon

WAL

{l.  Stale one way in which the fringe separalion could be ircreased without
changing the laser. {1}
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at b
(b) More than 200 years ago Thomas Young drew a conclusion from his 'fringes’
experiment. It was not generally accepted lor several years. Stale what conclusion

Young drew, and suggest what needed to be done by the scientific community for the
conclusion o be accepted. (3]
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Marks available
Question Marking details
AO1 AO2 AQO3 Total Maths Prac
4 (@) | ® Ay = 1.6 m[m] or by implication (1) 1
Correct use of 4 = a% ignoring slips of 10". ecf on Ay (1) 1
A =533 n[m] [ecf on Ay if between 1.0 and 2.0 mm] (1) 1 3 2 3
(i) Diffraction mentioned (1)
For each slit, intensity falls off with angle from normal or > > >
doesn’t spread round through 180° or equivalent (1)
(i) | I. Ai_p > Ayis OF A;_ > 700 mm or 4;_, > 533 mm (1) Accept

wavelength has increased or infra-red has a longer
wavelength
Ay < A or equivalent e.g. Ay increases because a and D are > > >
constant [so student is right] (1)

Il. Increase D or decrease a 1 1 1 1

(b) Light is a wave / wave-like (1)

Repetition of experiment by other scientist(s) (1)
Other experiments completed to check on the nature of light 3 3
@
Question 4 total 1 7 3 11 3 8

© WJEC CBAC Ltd.











4. (8} A modern version of Young's double slit experiment is sel up as shown.
Array of closely
spaced light sensors
Two slits (centres (
#; 0.50 mm apart) |
e T A
i ; [ S— 8
Laser
Diagrams not
- 1.50m - drawn to scale
0

The array of light sensors is connected to circuitry that displays a graph of light intensity
along the line AB.

A
01 5 : B
| 4\ | = §. hep
intensityh | | /\ /\/x A=t b
0 1 2 3 4 5 6 7 8 9 10
— Distance along AB/mm —e
[ ]
(iy Calculate a value for the wavelength of light from the laser, 13
”7\“‘3.‘_[;3 YA bmm, A =G 5Cmm, B=t5em

T Rwit W
R e e

(i) Each slit is several wavelengths wide. Suggest why the intensity of the bright
fringes decreases the further the Iringes are from the centre of the pattern, 2}
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dspea

Sticky Note

Candidate has incorrectly calculated the fringe separation and is not awarded the first mark. They correctly use the double slit equation so are awarded the second and third mark with ecf.



dspea

Sticky Note

The first mark is awarded as the candidate has mentioned diffraction. There was not enough for the tougher second mark here. The candidate needed to expand on 'slightly diffracted'. We were looking for reference to each slit, where intensity falls off with angle from normal or doesn't spread through 180 degrees. 





E saminet
i
(i) A student suggests that replacing the laser with one that emits near infra-red (that .
Is infra-red just beyond the end of the visible spectrum) will increase the fringe
saparahon
l.  Explain whether or not the student is right. 2]

A = ‘3% . S IR fringe s;c:.:{)efwhm :
bes qw%w Mj%'}"’\ bhun m%i%h 5%%’»}4 gf—*f _
tnereeses =7 YY) mot incnese (8D costedt )

DNy shusA o crnecd .

li. State one way in which the fringe separation could be Increased without
changing the laser. \{)) ~f1]

Tncngse. the ostne  boduon te o

S r&r}
(b) More than 200 years ago Thomas Young drew a conclusion from his ‘fringes' SG"‘)
experiment, It was not generally accepted for several years. State what conclusion
Young drew, and suggest what needed to be done by the scientific community for the

conclusion to be accepted. (3]
fo Mo The cordinion  wo)  tht \m{\,\A— M4‘
NPRVREPIRYIR actng e w wer (drir e/
t(\\a‘mf& {U“m ) T4 oy beMowm] 4o he /ffw&%
ch pehidey belee, Other screntishs g repect He
Qb{ﬁ&ﬁm uu:c,ﬂd NL e ‘«j@ufw}, m}‘im(;' Olhaerie

/ recene/ e:::JuJa e guggh‘fy Thy e alg o
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Sticky Note

Candidate correctly states that infra-red has a longer wavelength than visible. They also state that the fringe separation increases. This alone is not enough for the second mark, however, the candidate stating 'a and D' being constant does allow for the second mark to be awarded.



dspea

Sticky Note

Correct as per mark scheme.



dspea

Sticky Note

Candidate states that 'light must be a wave' for the first mark. 'Scientists must repeat the experiment according to Young's method' is correct for the second mark. 'Other experiments' [to check nature of light]' gets the third mark.










?4, (@) A modern version of Young's double slit experiment is sel up as shown.
Array of closely
spaced light sensors
Two slits (centres '
- /7 0.50mm apart)
Laser _ Diagrams not
e 4 B ) et drawn to scale
The array of light sensors is connected to circuitry that displays a graph of light intensity
atong the ling AB.
Intensity h /\ . /\ /\ f
1 2 3 4 &5 6 7
Distance along AB/mm —e
(i) Calculate a value for the wavelength of light from the laser. [3]
- AL - G o
A {f}éj\ ) mm.wﬂs f—
uf ., B
4. [.5

O, ,
a=0. =5-3.5~ l.,S{'\' d=19

(i) Each slit is several wavelengths wide. Suggest why the intensity of the bright
fringes decreases the further the fnnges are from the cenlre of the pattern.
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Sticky Note

Candidate has incorrectly calculated the fringe separation and is not awarded the first mark. Candidates should be encouraged to find where max/min intensities correspond to the vertical grid lines. They correctly use the double slit equation so are awarded the second and third mark with ecf.



dspea

Sticky Note

Candidate has not made reference to diffraction here and is not awarded any credit.





Examiner
(i) A student suggests that replacing the laser with one that emits near Infra-red (that oty
is infra-red jus! beyond the end of tha visible spectrum) will increass the fringe
separation,
2]

I. Explain whether or not the studani is righL

[ﬁf:"i f}i{b{d(ﬂ(‘ {3 f{{yth % ééar’fv’“ fiX/

SEU. L/”W‘W% the. e / E%fé{;//. _y{fb*&“ %"i_” ([g(,,ly},i |
the & ’7‘7 € e Ligir and 10y iage Yeprdy

It. State ene way in which the fringe separation could be increased without
changing the laser. 1] O

Acreome. diotdice  between  olity X7

(b} More than 200 years ago Thomas Young drew a conclusion from his ‘fringes’
experiment. i was not generally accepled for several years. State what conclusion
Young drew, and suggest what needed (o be done by the scientific community for the

conclusion to be accepted. [3]
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Sticky Note

Candidate only mentions a 'change in wavelength'. This is too vague to be awarded credit.



dspea

Sticky Note

A decrease in 'a' is required here. The candidate incorrectly stated 'increase distance between the slits'.



dspea

Sticky Note

The first marking point is awarded for 'light has wave like qualities'. The second and third marks was not awarded. There was no reference to 'repetition of experiments' or 'other experiments to check the nature of light'.










@ A moderr version of Young's double slit experiment is set up as shown.
Array of clossaly
G Gatg b spaced light sensors
Two slits (centres
/ 0.50mm apart)
N R LA
e 5
laser
Diagrams not
1 50m - drawn to scale
O
The array of light sensors is connected to circuitry that displays a graph of light intensity
along the line AB.
A : B
Intensily
L diw
|
6 1+ 2 3 4 5 6 7T 8 9 10 HY A siéj}‘:‘l
Distance along AB/mm — ";g'
(i} Calculate a value for the wavelength of light from the laser, (3]

A aw
0

Ao 10 Ber e (1 61107

I R TR

i B0

A5 8 x WY

(i) Each slitis several wavelenglhs wide. Suggest why the intensily of the bright
fringes decreases the further the fringes are from the centre of the pattern. [2]
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Sticky Note

Using a large range can be of benefit but here the candidate has not been accurate when reading from the diagram. Candidates should be encouraged to find where max/min intensities correspond to vertical grid lines. They correctly use the double slit equation so are awarded the second and third mark with ecf.



dspea

Sticky Note

No credit awarded here.





(i) A student suggests that replacing the laser with one that emils near infra-red (that
is infra-red just beyond the end of the visible spectrum) will increase the fringe
saparation.

I Explain whether or not the sludent is right. [2]

i Adunk o OO BVnAL R - e g

G AUy eteangEh A IR WOl pg

L0

Il Stale one way in which the fringe separation could be increased without
changing the laser.

(1

Wiktoat Rl awdiraa | RBEMEY R nrn OO,
EAET 41

{b) More than 200 years ago Thomas Young drew a conclusion from his ‘fringes’
experiment. It was not generally accepted for several years. State what conclusion

Young drew, and suggest what needed to be done by the scientific community for the
conciuslon to be accepted. [3}
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dspea

Sticky Note

Candidate correctly states that infra-red has a larger wavelength [than visible] and is awarded the first mark. There is no evidence of the link between fringe separation and wavelength required for the second mark.



dspea

Sticky Note

Correct response.



dspea

Sticky Note

Candidate was unable to state Young's conclusion and did not access the 'repetition of his experiment' or the completion of 'other experiments'.










4. (a) A modern version of Young’s double slit experiment is set up as shown.

Array of closely

spaced light sensors
Two slits (centres
/ 0.50 mm apart)
—\_| —A
— —B
Laser ]

Diagrams not
150m drawn to scale

The array of light sensors is connected to circuitry that displays a graph of light intensity
along the line AB.

A . B

/

—
o 1 2 3 4 5 6 7 8 9 10
Distance along AB/mm —

Intensity

(i) Calculate a value for the wavelength of light from the laser. [3]

(i) Each slit is several wavelengths wide. Suggest why the intensity of the bright
fringes decreases the further the fringes are from the centre of the pattern. [2]

08
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Examiner
|
(iii) A student suggests that replacing the laser with one that emits near infra-red (that o
is infra-red just beyond the end of the visible spectrum) will increase the fringe
separation.
I. Explain whether or not the student is right. [2]
Il. State one way in which the fringe separation could be increased without
changing the laser. 1]
(b) More than 200 years ago Thomas Young drew a conclusion from his ‘fringes’
experiment. It was not generally accepted for several years. State what conclusion
Young drew, and suggest what needed to be done by the scientific community for the
conclusion to be accepted. [3]
1
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7. A simplified energy level diagram for the amplifying medium of a 4-level iaser is shown below,
The Iasing transition occurs between tevel U and level L )

A Level P - P 1.20eV
s [l Cg%gifi,-*}é fraal ’
\‘) Level U -5 pihn s be b
?xf“? R
A, >
Level L ; - % “’*s-eiu-if%‘ - i"%ﬁy)
; % %@W
Ground state 0

i@ {i) Thelaseris pumped o create a population inversion between level U and level L.
Slate whal is meant by a population inversion for this laser, [1]

e iy lowr, Leed 4 *temA?. pepated b eleedios
Wil led Lo ;-«elahmw Grpty,

(i Draw three arrows on the dlagram to show the transitions required for this
population Inversion to be sustained. (1]

(i) Explain why a population inversion Is needed for fight amplification to take place.
s (3]

Ik intneass dhe probabilds A shimdukd geasiter o diray
tha F‘i‘?gﬁi ‘7%10‘? A abserphon Uéfx{ Lden 4 [Jé&k‘s -4
Ev-fo ersgy 3 serd; b o o elzchren b doap

(U o U, wntony anctter phate ot e same Wg—u frecpeny,
Uv{ldﬁyi’ﬁi pruese , caef dacden Se fe A preden ppk B derbicd phidey

e e
{b)  Determine whether or not visible Iigh! will he produced lagf the Iasmg transition from
level U to level L, giving your reasoning. ¢ & 24,0 "
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A simplified enargy level diagram for the amplifying medium of a 4-level laser s shown below.
The lasing transition ocours between level U and laval L,

Level P = i, 1.20eV
Lavel U "
Level | ,{,

Ground state ' 0

fa} (1) Thelaseris pumped 1o create a population invarsion between level U and level L.
Slate whal is meant by a population tnversion for this laser. (1]

&@P ko] i;; S imu wé*w( ﬁ‘f"lfﬁ;f@f’l |

(i} Draw three arrows on the diagram to show the transitions required for this
population inversion lo be sustalned. (1]

{iliy ~Explain why a population Inversion is needed for light amplification to take place,
(3]

sopalion iersiwn mcans clecbions Eravallyg
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"y e ;;é
o | 2
{b} Determme whether or not Visible light will be produced by the lasing transition from

|‘*‘-v.

level U lo level L, giving yczzur reasoning. (3)
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7. Asimplified energy level diagram for the amplifying medium of a 4-level laser is shown bealow. |
The lasing transilion oteurs between level U and level L

lLavel P T \ 1.20eV
Level U :

5 GRa ST

Level L ; L

Ground slate

(@8 () Thelaser is pumped to create a populalion inversion betwaen level U and level L,
State what is meant by a poputalicm inversion for this laser. 1}

(i) Draw three arrows on the diagram to show the transitions required for this
population inversion to be sustained. {1}

(i) Explain why a populalion inversion is needed for light amplification to take place.

(3]
Mot gl bvs  on hagdrts enlagy (enrdt s ok
(2oed u, $oo ot bt laceded b o pien
(?/MMMM’ s lﬁv&(m A Hhm (
(b) Determine whelher or not visible light will be produced by the lasing transition from
levet U to level L, giving your reasoning. 13]
1 'U‘ - -~y
\2X(-pxte = "‘l’l—km )
. {
\vaz 07" xb mxw = 2-.80 st Ry
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Question

Marking details

Marks available

AO1

AO2

AO3

Total

Maths

Prac

7 1)

(i)

More electrons occupy Level U than Level L
Accept more electrons in higher state than lower state.

(ii)

All 3 arrows correct.

level P ___ 1.20 &V

1\
level U
around — 0

(iii)

Greater probability of stimulated emission [of photon] ... (1)
...than absorption [of photon] (1)
So extra_photon produced (1)

(b)

Calculation of 1.92 x 101°J (1)
h
Use of E=hfor E :70 Q)

f< 2.9 x 10 Hz ecf or 4> 1.0 x 10°m ecf so visible light not
produced (1)

Alternative:
hc

Use of — (1)
eA

eV values calculated at 400 nm and 700nm i.e. 3.1 eV and
1.78eV (1)

Lasing transition less than 1.20eV so visible light not produced (1)
Alternative:

Lasing transition <1.20eV (1)

Red photon is =2 eV (1)

Therefore infra-red photon produced (1)

Question 7 total

© WJEC CBAC Ltd.
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7. A simplified energy level diagram for the amplifying medium of a 4-level laser is shown below,
The lasing transition accurs between fevel U and level L. )

A~ LevelP - — 1.20eV
2 Lty guidey bas ,
V) Level U = »?:symémgkg g
Y&f’" { o
Level L - 3 5e S ¢ iﬁ,ﬁw
A/ﬁ sebd —crpiv?
Ground state 0

@ () Thelaseris pumped to create a population inversion between level U and level L.
Slate whal is meanl by a population inversion for this laser.

e Has i.@a@-; L&ﬁ’i J ift-emA? {;@@gmiﬂf by a(f&%_
wWiile W L peladivety Gryphs .

(i Draw three arrows on the diagram to show the transitions required for this
population inversion to be sustained. (1]

(i)  Explainwhy a pcpufatson inversion is needed for light amplification to take place.

(3]
1k intnewses the prababibbe A ghimclukd geasiter ond drow
the prebabild, A4 abuphon Here, wiw o phoky o
Eu-bo onagy 0 serts  cavs a1 elechen o doap

U} be c,) atane ctockfer ?‘uﬁ% oA e see w%; brepoensy,

11
WLMW prinse , eaed deden 3¢ fe A packes ippk, 2 séffmﬂﬂﬁw
{b)  Determine whether of not visible tht will he produced b:s{ the Iasmg transition from

level U to level L, giving your reasoning. ¢ &3 407" [3]
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dspea

Sticky Note

Candidate understands that there are more electrons occupying level U than level L and is awarded the mark.



dspea

Sticky Note

All three arrows correctly drawn.



dspea

Sticky Note

Candidate gains the first two marks for 'increases the probability of simulated emission and decreases the probability of absorption'. The final two sentences show good detail and is more than enough to get the third mark. 



dspea

Sticky Note

Candidate correctly converts the 1.20 eV into J for the first mark. 
They then use E=hc/λ to correctly calculate a corresponding wavelength of 1036 nm. 
The candidate then makes the link back to the lasing transition from U to L stating that 'even ground to P is higher' and 'U to L will be further away' implying it is infra-red and further from visible. We awarded the third mark with bod. The lasing wavelength would be greater than 1036 nm so visible light would not be produced.
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A simplified energy level diagram for the amplifying medium of a 4-level laser is shown below,
The lasing transition cccurs between level U and level L.

Levei P oy i 1.20eV
Level U :
Level | i,

Ground state 3}

{a) (i} Thelaseris pumped to create a population inversion between level U and level L.
State what is meant by a population inversion for this laser. '

verg <ltcbremn Kt L o
&@P b{f?&% f? ﬁ;f ;#}é}éijgvé“wi é‘m ij@f? .

(i} Draw three arrows on the diagram to show the transitions required for thi
populstion inversion to be sustained. i [1]
(i) Explain why a population inversion is needed for light amplification to lake place.
3]
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wd » o
{by Determine whether or not ¢ |sab!e light will be produced by the lasing transition from
level U o level L, giving your reasoning. (3]
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dspea

Sticky Note

Candidate correctly states that there are more electrons in U than L.



dspea

Sticky Note

Candidate has drawn three transition arrows correctly.



dspea

Sticky Note

The candidate has referenced stimulated emission, however, this alone was not awarded credit. 'More chance' or 'greater probability' was also required.  



dspea

Sticky Note

Candidate is awarded the first mark for the correct conversion of eV into J.
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7. A simplified energy level diagram for the amplifying medium of a 4.-leved laser is shown below.
The tasing transilicn ocours between lavel U and jevel L.

Lavel P ? ‘\M 1.20eV
Lovel U 2

T

[avet{ —- ' _L

Ground stale

(8} (H Thelaser is pumped 1o create a populalion inversion between level U and levei L,
State whal is meant by a population inversion for this laser. [}

(i) Draw three arrows on the diagram to show the transitions required for thi
population inversion to be sustained. {1}

(i) Explain why a population inversion is needed for light amplification to lake place.

13]
Mot glukvs  on kbt caryy Mﬂi |
o U, Jo o bL  LacedeF  th ool
ord  ad G 2 phodine A aberteld
Corrrion | ghos off 2 gk, addne then |

(b) Determine whether or not visible light will be produced by the lasing transition from
leval U to level L, giving your reasoning. 13]
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dspea

Sticky Note

Candidate has written 'more electrons on higher energy level than ground'. This is enough. We are looking for the link between level U and level L.



dspea

Sticky Note

Candidate has correctly drawn the three transitions.



dspea

Sticky Note

The third marking point is awarded here as candidate has shown an understanding of an extra photon being produced.



dspea

Sticky Note

Candidate correctly converts the 1.20 eV into J.
They then use E=hc/λ correctly.
Candidate then indicates that the lasing energy is lower than 1.2 eV and so the wavelength would be greater than 1035 nm.  They say visible light would not be produced and so all 3 marks are awarded.
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7. A simplified energy level diagram for the amplifying medium of a 4-level laser is shown below.
The lasing transition occurs between level U and level L.

Level P 1.20eV
Level U
Level L

Ground state 0

(@ (i) The laseris pumped to create a population inversion between level U and level L.
State what is meant by a population inversion for this laser. [1]

(i) Draw three arrows on the diagram to show the transitions required for this
population inversion to be sustained. 1]

(i)  Explain why a population inversion is needed for light amplification to take place.

[3]

(b) Determine whether or not visible light will be produced by the lasing transition from
level U to level L, giving your reasoning. [3]
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