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(al The diagram shows how the absorphion spectrum of sodium atoms may be produced.

screen —
‘white' light |
vapour of sodium atoms in __ ! : /‘
glass container diffraction
grating

Descrnibe the appearance of the absorption spectrum, companng it with the emission
spectrum of sodium atoms. [3]

(b) A simplified energy level diagram for the amplifying medium of a 4 level laser is given.

level P 1.54eV
level U 143eV
A
level L : 0.26eV
D
ground state 0
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(i) Referning to populations, explain the part played in the operation of the laser by:
| transition A; [2]

Il. transition D. 2]

() Calculate the wavelength of the radiation emitted by stimulated emission from the
laser, and name the region of the electromagnetic spectrum in which it lies. [4]

{c)  Most laser pointers produce polansed light. Discuss whether or not students attending a
lecture in which a laser pointer is used should be given spectacles fitted with polanisin
filters (polaroids) to wear for safety during the lecture. [3
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2 4., Alaser has two mirrors either side of the amplifying medium as shown.

% E;r_iljng lasear beam
{ L1
f ™,
100.0% reflecting ! Amplifying medium

mirror Laser beam  (laser cavity)

99.0% reflecting
mirmor

(@) Explain the purpose of the 99.0% reflecting mimor and the 100.0% reflecting mirror.  [2]

{b) Explain the purpose of a population inversion in the laser cavity. [3]

(] (i) The light intensity inzide a powerful laser is 2.0 = 10"°W and its wavelength is
1.05 pm. Show that this corresponds to approximately 1 < 107 photons per second.

[2]
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(i) Show that the momentum of a 1.05um photon is approximately 6 « 10728 kg ms™.

[1]

(ify Show that the force exerted on a 100.0% reflecting mirror by a beam of power
20x 10" Wis approximately 1 = 10° N. [2]

(iv) Calculate the strain pmduced in a laser structure if the power of the beam between
the mirrors is 2.0 = 10" W. You ma'_-.r assume that the structure of the laser cavity

has a c.rﬂss-sectlnnal area of 43cm? and is made of a material with Young modulus
2.8 10" Pa. [3]
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"~ 3. A simplified energy level diagram for a 3-level laser system is given.

Fh
L 1.79 eV
ground state, L 0
(a) (iy Calculate the wavelength of light emitted by stimulated emission. [3]

(i} Assuming that some photons of this wavelength are already present in the laser
cavity, explain why a population inversion iz needed for light amplification to take

place. [2]
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{b) The laser produces a light beam of power 6.0mW.

(il Show that the number of photons emitted per second is approximately 2 x 10% g1,

[2]

(i) Calculate the momentum of the light leaving the laser per second. [2]

(i} Calculate the force exerted by the light beam on a perfectly reflecting surface, if it
strikes the surface normally. [1]
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4.

3.

(a)

(6)

(i) Explain why a r:’xzpulaiicmn inversion is not usually possible with a 2-level ene
system pumped using light. r[gl]’
(i) State an advantage of semiconductor lasers and an example of their use. [2]
Explain how 3-level and 4-level laser systems work and the advantages of a 4-level
system. Refer to the diagrams in your answer. [6 QER]
3-level system 4-level system
Es E
E,
E;
E;
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{a) Explain how a 3 level laser operates, explaining also why a 2 level laser is not possible.
[6 QER]
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{b)  The simplified diagram shows the cavity of a laser.

Partially reflecting
mirror M -

| 7 —p

Emitted laser light

Totally reflecting
mirror I'..n'l1

Amplifying medium

{ij The wavelength of light from the laser iz 623 nm. Calculate the energy of a photon
of light emitted by the laser. [2]

iy The power output of the laser is 1.0mW. Mirror Mz tranamitz 1 in 300 photons.
Cetermine the number of photons per second incident on mirmor I'u'lz. [3]
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Marking Scheme

Marks available

Question Marking details
A1 AD2 AD3J Total Maths Prac

6. | (a Dark lines [or equivalent] (1)

Bright background [accept rainbow background or equivalent] (1)
Dark lines in same positions [or for same wavelengths] as [some
of the] bright lines in emission spectrum (1) 3 3

(b) (i) | | Electron given energy or pumped’ (1)
[Electron having fallen from P to U] increases population of U or
hrings about population inversion (1) 2 2

Il | Electron falls quickly or spontaneously [from L to level G] (1)
So depopulating level L or making pop inversion easier to
establish (1) 2 2

(i) Photon energy = (1.43 - 0.26) [eV] [= 1.17 eV] or by impl {1)
Conversion to J even if incomrect energy gap [= 1.87 = 107"% J or
by implication] (1)

Correct use of 4 =}|—Cor x‘_=iandj'=£ ecfan £ (1)
E I h

1060n[m] no ecf and infra-red (1)

(c) A maximum of (3) marks by addition from._.. 3 3

» Laser pointer (arguably) too low-powered to be dangerous

» Lecturer should be trusted not to shine lasers at students (or
strongly reflecting surfaces) or lasers not viewed directly

+ Might stop sight of hright spot even when pointer used
comecty

* Any good physics involving polarisation

*  Will make field of view dimmer so note-taking difficult or
opening pupils of eyes, making laser beam more dangerous

» Any other valid point

» Conclusion argued using more than one of the above

Question 6 total T 4 3 14 3 0
2. -
Marks available
8] ti Marking detail
Hestion arking detans AO1 | AO2 | AO3 | Total | Maths | Prac
4 | (a) {Multiple passes of beam [ reflection / keeps most of the light} for
more amplification / stimulated emission or increased collimation
(1) 2 2
Some light (1%) transmitted by 99% mirrer (1)
(b} Increase of stimulated emission (1)
Compared with absorption (1)
[Exponential] increase in intensity or amplification or more power] 3 3
(1)
MB Stimulated emission = absorption — 2 marks
(c) (i) | Energy of photon = 1.89 = 107 [J] seen or implied (1)
Qx—wmenurim lied (1 D56X1|:|34]{1][I'IDECf] 2 2 2
189%10" pleet o -
(ii) 6.63x 1073 " o o 1 1 1
p= mﬂagms ] seen or implied [= 6314 = 107 N 5]
{iii) | 1.06 = 10¥ = 6.31 = 10~ [N] seen or implied (1)
2 = due to reflection stated (1) [1.33 x 107 N] 2 2 1
[Using the "show that' figures — 1.2 x 10" N]
iv)
{ E= stre.ss used (1) [or by implication] "
F R
Streas=—{ used (1) [or by implication] 1
£ 1 3 3
Answer = 0.0053 or 0.011 {or 0.0105) seen (depends on (i) but
check) (1) [0.83% ]
Question 4 total T G 0 13 7 0
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Cuestion

Marking details

Marks available

AO1

AD2 AO3

Total

Maths

Prac

a)

i)

1.79eV = 2.86 = 107" J or by implication (1)

Use of i = E, —E, and z',=if‘. or A =E % or equiv (1)

A =694 [+1]n[m] { 6.9 = 107 [m] {1}

1

%]

(i}

So a photon iz more likely to cause stimulated emigsion than
to be absorbed / more stimulated emission than absorption
{or 30 more photons cause SE than are absorbed) (1)

So number of photons increases [rather than decreases] /
light builds up { 1 photon — 2 photons (1)

)

i

6.0x107[W]

hotons per gecond =—8FF7—M——=
pretns® 286:10°[]]

ecf even if slips (eq by

107 (1)
2.00 = 10" [5] (1)

(i}

S0 D] 1_g 55,10+ N sTorby
6935107 [m] -

implication ecfon A (1)

photon momentum =

0.006 [W]

L5
beam momentum per second = 2.0 = 107" [M] (1) [1.91=107"
M if 2 = 10" used]

or beam momentum per second = or by implication

Fad

(i)

4.0 = 107" N ({unit)) ecf from (i), i.2. 2 = answer to (i)
But not if answer to (i) was 0.

Question 3 total

10
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Question

Marking details

Marks available

AO1

AOZ

AO3 Total

Maths

Prac

3

(@)

Stimulated emission also happens [1]

Decreasing the upper population (accept 50 % population is
greatest possible or equal probability of absorption / dropping)
[

Greater efficiency or requires less energy / small pumping
voltage / larger population inversions / less pumping / cheaper
and mass produced [1] Don't accept lower current

CD /DVD / Blu ray { pointers / laser fusion / anything sensible [1]

b)

J-level system

Pumping E1-E3

E3-E2 quick

E2 metastable

E2-E1 laser output

E1-E2 population inversion

4 level system

Pumping E1-E4

E4-E3 quick

E3 metastable

E3-E2 laser output

E2-E3 population inversion
E2-E1 quick

Advantages / Disadvantages

E1 ground so usually full in 3Hevel

More than 50% pumping required in 3-evel
E2 normally empty in 4-level

Minimum purnping required in 4-level

5-b marks

Comprehensive description of how a 3-level works, how a 4-level
works and its advantages.

There is a sustained line of reasoning which is coherent,
relevant, substantiated and logically structured.

3-4 marks

Comprehensive description of 2 from: how a 3-level works, how
a 4-level works and its advantages or limited description of all 3.
There is a line of reasoning which is partially coherent, largely
relevant, supported by some evidence and with some sfructure.

1-2 marks

Comprehensive description of 1 from: how a 3-level works, how
a 4-level works and its advantages or limited description of 2.
There is a basic line of reasoning which is not coherent, largely
irrelevant, supported by limited evidence and with very litfie
structure.

0 marks
No attempt made or no response worthy of credit.

Question 3 total

10
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Cuestion

Marking details

Marks available

AD1

AD2

AD3

Total

Maths

Prac

(a)

3-level energy system

E1 — Clearly labelled diagram of 3-level energy system

E2 — Population inversion mentioned

E3 — More electrons in higher energy levels than lower

E4 — Pumping used to achieve more electrons in higher energy
level | state

ES — One state is metastable or long lived

2-level energy system
E& — Population inversion not possible in 2-level system
ET - Reference to absorption (either 2 or 3 level)

Stimulated Emission

50 — Incident photon causes an electron to drop

52 — Photon emitted when electron drops

53 — Stimulated emission menticned

54 —There are 2 photons instead of 1 photon (coherent)
55 — Incident photon of comect energy or frequency or
wavelength

5-6 marks

9 to 12 points from either E1 to E7 and S0 to 55

There is a sustained line of reasoning which is coherent,
relevant, substantiated and logically structured.

3-4 marks

5 to B points from either E1 to ET and 50 to 55

There is a line of reasoning which is partially coherent, largely
relevant, supporfed by some evidence and with some sfruciure.

1-2 marks

1 to 4 points from either E1 to E7 and 50 to 55

There is a basic line of reasoning which is not coherent, largely
irrelevant, supported by limited evidence and with very little
structure.

0 marks
No attempt made or no response worthy of credit.

b}

i)

Subestituting for wavelength into £ = %H}
Energy of photon = 3.14 = 107%J unit mark(1)

P

i)

L=10"
3.14=107"
(ecf on value of energy of photon) (1)
MNumber of incident photons per second = 3.18 = 10" = 500 (1)
Answer = 1.6 = 10" [{1) ecf power 10

Mumber of photons per second = =318 = 10" g

Question 5 total

11
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