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Q1 [4 marks] Tec 14949

A laser beam used in surgery delivers 100 W of power to some tissue. If the laser emits red light
of wavelength 680 nm calculate the number of photons hitting the tissue each second.

E = V\F = h.c'/)\
= 662 xlo"“x 3.oox\os
680 x 109
; - -\4
.. E = 2.925 xio0 J eeAH ProTonN
.. N% PHoTonNt = 00 Ts-!
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o N pHoToNS = 3-42 x10 0 ¢~

(4 marks)

Q2[4 marks] Tee 14946

The claim made by a washing powder manufacturer is that their product contains “optical
brighteners” to make clothes “whiter and brighter”.

Identify the phenomenon responsible and carefully
explain how these “whiteners” work.

THE WHWTENERSE ARE FLUORESCENT,

THeY ABSORR UV LIGHT FRoMm INciDENST LIGHT B8

AND THE SUBSEAVENT TRANSYTIONS of

EXCITED ELECTRONS RETORNING To THE

GRoOOND STATe , PRODUCE PHoToNS of

(Lowep) VISIB(E FREPSENCIES . = with SUPER SURF gives more -~
= Whiteness than any other
=~ Wwashing powder!

- Bt LA has o cpanng
preer Remayen esen Rigasm

MoR% VISIBLE PHeTONS => more INTensE BB DRNEST QNN
Gk, wrosmmsmmpmena. NN
=7 MORE VISIBLE

= “prugyTer”’

e \INCREASE IN guue INTENSITY of EMVTTED PHeTONS MAKES —The
CLOTHING N g TeR 7 oR ESS MELLOW
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Q3 [14 marks]
An atomic energy level diagram for hydrogen is shown.

Energy in eV T T
GO
y/ continuous féve s for free eIgctrons #
Eoo=—0 00 eV (R LR BT BT R B B R Tl Ive
E4=-085eV 4
Ey=-15eV Y 3
g

Er=-34eV 4 2
E{=-136eV ¥ ¢ 1

Energy level diagram for hydrogen

(2marks)

3a) An electron in the ground state is excited to the E4 energy level when it absorbs a photon.
On the diagram above, draw the possible downward transitions for the electron.

3b) What might happen if a hydrogen atom in the ground state is struck by a photon with the
following energies? Briefly explain your answers.

::g:g; Observations and Explanations
THe AToM PAAYX BRE \ON\SED
1926V | ue PHoton At SuFEicienT Bnsray ( P 13-6 V) 1o EvectT an
eLecTRroN FpoM THe ATom .
AN ELECTROM MAX BE EXCITED From E, P E,
102V | piecerence BETeen ENERGY LEVELS 13 EXACTLY (0.1 eV
(PHoTorts can NoT Be PARTIALLY AGSRREED )
INfUFFAICIENT ENEREY To €X<CiTe ElecTrenN TRoM GROVND STATE
o PhoTont ENERGY MUST Be PpUWA LENT To ENEREY TRANS(TioN,

PHoToN |\S REFLECTED RATHER. THARN ABSORBED.

(6bmarks)
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3c) An electron of energy 12.2 eV now collides with the hydrogen atom that is in its ground state.
Determine the possible energies of the electron after collision.

UNLIKE PHOTONS , THE ENERGY MAY Be PARTIALLY ABSORBED

1) PERFECTLY BLASTIC coLUiSion =7 12:2 eV  (NONE ARSORBED)

) ATom ABSS@RES |0-2eV =7 2.0 eV ReEMAINING wiTH e~

(Il-?. —\0-L = 2.0 eN)

W) Atomn Aesoases \2-1 eV =2 0:) eN REMAINING 4 e~
(F2+2 =121 £ &Y eN )

(3 marks)

3d) Calculate the shortest wavelength emission of electromagnetic radiation resulting from such
collisions.

T SHORTEST ueNeELENETH PHeTon POSSESSES THE WGHEST

ENERGY TRANSITIoR PosSIRBLE (WNHeN AToM eMiTS AeSoaded SNERS
BE= Euny = W Yy

he
M

34
= 6-6L X\e > % 3-°OX\03
(13-6 — '35 ) x L6 xie™'?

Y
H

-7
Min l-0L %10 m

~ ol nmm

(3 marks)
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Q4 [8 marks] coloured
Light from a distant star was collected Star's Spectru / background

by a telescope and analysed using a frequency R
spectrometer. (x 10" Hz) ‘l ‘ |
.l |

The spectrum of the star's light

.0
together with the spectra of L
elements X, Y and Z are shown. _ kol . | ;

4.0 ~ Element X 80
4a) What type of spectrum did the ‘ { " J
astronomers observe? Elsment'y
40 e 8.0
LINE AB8SoRPTION SPECTRA I | ]
(1 mark) | e '
Element Z

4b) Carefully explain the occurrence of the dark lines observed in the star's spectrum.

The DARK LINES (ORRESPOND To THeE SPECIFIC FR.EquENCY/QUAr\YG‘\

PrHoTomNS Tuar AR ABSORBED AS THe LIGHT PASSES THRouGH Tue

STAR'S ATMoSPHERE . THe LINES REVEAL SPeCIfC ENEREY TRaNSITIONS
WHLCH ARE PoSTiIBLE AND REFERENCED To SPeciflc eleMENTS . (2 marks)

4c) How does the spectrum from a gas discharge tube containing element X, Y or Z differ in
appearance from the star's spectrum? Briefly explain.

Twe DISCHARGE TOBe PRODUICES AN ©MISSI1oN SPECTROUM e The ELe MeNTS .

e SPECTRA APPEAR AS D\SCReTe RRIGH T COLOURED UNES on A DARK / BAACK

BACKEROOUND . Tre DISCRETE LINES RESYLT FROM THE Dowd N i ARD

TRANSITIoN OF eLecCTRpNS FROM eXxciTed enERGy states .

(MOST) coLoureD UNES copregPond To Tie DARK LANES of Tee

ABSORPTIiON SpecCTeA AND cAN THEREBY BE REFERENCED R ANALYSIC
(3 marks)

4d) Which of the elements X, Y and Z are likely to occur in the star? Briefly justify your answer.

X AND 2 ARE LAKELY PresenT N Tae STagS ATMoSPHeRre .

e DECRETE LUINES ASSociaTeD  wiiTh EACH eleMenT (X AND')_)

ARE PRESENT (N THE STAR'S ABSORPTION SPECTRUM | yHEREAS

Y5 LNes AR ABSENT

(2 marks)
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Q5 [5 marks]

Some students are investigating the photoelectric effect. They shine light of different wavelengths
onto a rubidium plate. They measure the maximum kinetic energy of photoelectrons emitted from

the plate. Their data of maximum kinetic energy of ejected photoelectrons as a function of the
frequency of incident light is shown in Figure 1.

&
maximum kinetic 2 T
energy of gjected | /
photoelectrons : / /
(&% P .
// // |
0 . o M
0 ‘2 3 4 5 G <17 8 g 0 —P frequency * 0 " Hz
W
/ - |
4
W e / s = N _
] e
/ -
| -
/ Pl
-2 e
Pl
e
-~
e
- aw
Figure 1

In answering the following questions, you must use the data from the graph

5a) What is the minimum energy, W (known as the work function), required to remove
photoelectrons from the rubidium plate?

N M
USING THE GRAPH | THIS (ORRESFOND S WITH THE N |NTERCEPT

(e ENERGY AX\S) of THE UNE of BEST FIT.

THUS Tore MiIMOM. ENERGY \S 2 eN .

(2 marks)

5b) With what maximum kinetic energy would the photoelectrons be emitted when the students
shine light of wavelength A = 400 nm onto the rubidium plate?

g 2 Wiy = G-Glx\o'g*x 3.00x10° = 4.445 x5
400 X1o~ 3 = 2| eV
sINCE E = Wa E
Ew= E—~W = 3.4 -2.0 = L.\ eV
(2 marks)

5¢) Sketch, on the axes above, the graph for a metal with a greater work function than that
originally shown. grAPDIENT \S PLANCICS CONSTANT (1 mark)
((MOST B pParALLEL )
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Q6 [5 marks]

The x-ray spectrum produced by a typical commercial tube exhibits features such as those shown
in the diagram.

Intensi
ratating P A t-y
anode
o
E—
0O o
e'sacuatecf/—". | e
glass tube i \{\j-\l‘] vy
To g flament
targe! e
window
X-rays
0
A min wavelength
5 oG !
BREMSS TRA KL

6a) Carefully explain how the broad band continuous component of the spectrum arises?

HIGH ENERGY /SPEED ELECTRONS UNDERGO A RAPID Dec€LERATISN ON

coLLisioN /close INTeRACTION LalTH TARGET meTAL AToMS .

Tue RAPID AEK GWES Ruse To A RANGE 0f X-RAY PHoTONS of VARYING

WAVELENGTH /EnersY ( AND MUk We AT 1S FroDYCE P Too )

(2 marks)

6b) Carefully explain why characteristic peaks form for a particular target metal?

ELecTroN Collision /lN‘teMCTION MAY RESULT N Low ENERSY (EVELS

(SHEWS ) Re\ng ETECTED -

ElgcTeoNS FroM HIGYER ENERGX (outen Skeu.) FALL BACK To REPLACE

Tue VACATED ELECTROMNS AnND THE AToM THEREBY RELEASES Tie ©NERGY

ASSSCATED WITH TH\S TRANSITIoN AS AN X -RAY PucTon of gpeciFic

QUANTA .

o f
e \SRKES ARE CHARACTERISTIC /CPecFic To Tie TARGET METAL AND

THE 1R \WNTENSITY 1S INCREASED /RE-INFORCED AS THese SPeciFic EMISS(ONS

SUPERPOSE WITH THE corsTiNuonsS “BRemM<SSTRARLONG" SpECTRUM .

(3 marks)
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