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2.1 Rutherford’s atomic model

Use the following data wherever necessary : e
Charge of electron e = 160x1067°C 4
Electron 1est mass me = 9.11x 10 kg

Permittivity of free space € = 885 x 102 C* N m?

Part A

The following question marked with {SP} is the Sample Paper question of the new DSE Examination.

M1. Which of these conclusions could NOT be deduced from Rutherford’s scattering experiment 7
{SP} (1) Alpha perticles arc helium nuclei.
(2) There are discreto energy Jevels in an atom.

(3) The positive charge in an atom is confined to a very small region.
A, (I)yonly ’
B. (3)only
C. (1)&(2)only
D. (2)&(@3) only

PartB:

The following question marked with. (PP} is the Practice Paper question of the new DSE Examination.

M2. Which of the following can be concluded from the Rutherford scattering experiment ?
{PP} (1) The oucleus of an ator consists of protons and neutrons.

(@) The nucleus of an atom is very small compared to the size of the atom.

(3) Electromagnetic waves emitted from atoms of gases are'of specific frequencies.

A ()only
B. (3)only
C. (D&@)only
D. (1)&(@3)ouly

PartC:
The following question marked with { }is the past DSE question. The pumber inside the bracket represents the year of the

examination,

M3. From the classical point of view what are the Yitnitations of Rutherford’s model of the atom. 7

{12} (1) Atoms would continuously emit slectromaguetic radiation. :
(2) Atoms would be unsteble and they would collapse eventually. -’
(3) The atomic emisslon sp would be continuous instead of discrete.
A (W&Q@only
B, (D&Q@)only
C. (&) only

b. (,&0)
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PartD:

The following questions marked with ( ) are the past HKCE questions. The number inside the brackets represe;xts the
Md.  a-particles are scatiered by the heavy nucleus of a gold atom.

year of the examination.
(82) Which of the paths shown in the diagram is/are the possible gold atom
ath for the scattered o.-particles ? ) ®
S
(]1:-- (1) only ~
(87 @ onty @

C. (1)&(2)only 3)
D. (2)&(3)only )

MS$.  An alpha particle is scattered by a heavy oucleus.Y. Which of the following paths of the alpha particle is IMPOSSIBLE ?

©n A . B.
__..._./___;____

Q@ >

M6. Which of the following is/are correct deduction(s) from the Geiger-Marsden’s o particle scattering experiment ?
(93) (1) « particles have a strong penetrating power.

(2} Most of the space in an atom is empty. v

(3) Allthe charged particles of an atom are concentrated in & tiny nucleus.)(

(2) only
B. (3)only
C. (1) &(2)only
D. (1)&(3)only

PartE:

The following questions marked with { ] arethe past HKAL questions. The number inside the brackets represents the year
of the examination,

M7, Since the beginning of the 20th century, a-particles had been used as encrgetic projectiles to bombard various substances to
[08] trigger reactions. Many great discoveries came from this kind of experiments, Which of the following discoveries is NOT a
nuclear reaction 7 . .

A, Inthedi y of p , o-particles were used to bombard nitrogen gas.

B. Ihthedi y of ans, at-particles were used to bombard beryllium.

C. . Inthe discovery of artificial radioactivity, o-particles werc used to transmute aluminium into phosphorus.
D. Inthe discovery of large angle deflection, a-particles were used to bombard gold foil.

Ms,
[t0]

a-parficle hY

G gold nucleus

An a-particle (; He) of initial kinetic energy 7.7 MeV approaches a gold nuclens ('3; Au) from far away. The a-particle is
deflected as shown. Esti the kinetic energy of the a-particle at point P where it is 6.5 x 107" m from the gold pucleus
which is assumed to be stationary throughout.

A. 35Mev

B. 42Mev

C. 73Mev

D. 112MeV

[12) gold fol

a beam of X
a-parlicles >

A thin gold foil is bombarded by a beam of a-particles and they are scattered as shown. This experimental result provid,
infonmation about .

A.  the energy level of elect;ons in a gold atom.
B. the binding energy of the nucleus of a gold atom.,
C. thesize of the nucleus of a gold atom relative to that of a gold atom.

D. the existence of neutrons in the nucleus of a gold atom,

PartF:

The following questions are designed to give supplemental exercise for this chapter.

M10. Which of the following stat: ly deseribe the limitation of the Rutherford’s atomic model ?

(1) The model cannot explain why the atom does not collapss accerding to classical electromagnetic ti:eory.
(2) Themodel cannot explain why the spectral Jines emitted by gas atoms in a discharge tube are discrete.
(3) The model cannot explain why the electrons orbit around the nucleus,

AL (1) only

B. N&@only -

.C. (9&@)only
D. L@&EB)




“1  MI1. From the result of the alpha-scattering cxperiment, Rutherford proposed his nuclear model of atom. Which of the

following e ing the model is NOT correct 7 Answers |‘
(1) All the positive charges are concentrated inside a very tiny nucleus. 1. C 6. A 1. D %
(2) There exist discrete energy levels for electrons to stay in the atom. “
(3) Radiations of discrete Tength would be emitted when the electrons revolve around the nucless. - 2 A b 2.c :

A, (Donly - 3, D 8. B

B. (3)only . 4. A 9. C

C. (1)and(2)only

D. (2)and(3)only 5. D 10.'B
. |
MI12. The deflection of alpha particles by a thin gold i:oil through angles that range from 0° to 180° can be explained by Solution L
A.  scattering from free electrons. : : ?
B, diffraction from the nucleus. i . - C lF
c. scaﬂ“.i”g from small but heavy regions of positive cliarge. v (1)  Alpha particles are helinm nucle, but this s not deduced from Rutherford's scattering experiment. :
D. - reflection from the mcleus. . 4 (@) Theexistence of discrete energy levels cannot be deduced from Rutherford’s scattering experiment. :
- o x. 3 The.'posiﬁve charge confining to a very small region, the puc)eus, could be deduced from the experiment. ;
: 2z A
: ‘ * [¢)] Rutherford énattcring expéﬁl.nent concluded that there is a tiny nucleus, :
but the particles inside the nucleus are pot known by this experiment.. s
v @ ‘The large angle of d;ﬂecﬁon confirmed that there is very tiny nucleus inside the atom. -

* 3) Rutherford scattering experiment cannot give any conclusion about the emitted electromagnetic waves.
Xperime

i 3.
: [6))] Since the orbital clectrons have centripetal acceleration, by classical electromagnetic theory.
they would emit el fic radiati inuously.
v (03] As fhe atoms loses energy continuously, the electrons would spiral towards the ceatre
and the atoms would collapse eventually.
v 3) The emission speetrum would be continuous radiation of every wavelength may be emitted..
: 4. A
: - v Q) o particle is deflected away from the gold nucleus by the electrostatic repulsive force.
' x @ « particle cannot be attracted towards the gold nucleus as both carry positive charges. -
* (€))] The path shows that o is ted ds the nucleus, thus it is impossibl !
5. D
‘ " Since tho dotted path passes through the nucleus X, it is a head-on collision.
Thus, the deflection is 180° and the alphe particle should be rebounded back along the original path.




10.

A
* (03] a-particles have in fact weak penetrating power,
- (03] As most of the space in an atom is empty, thus most a-particles pass through the foil without deflection
x 3) Only the positive charged particles ars d in a tiny nucleus, but not the negative charges.
D
* A, During the bombardment, the o particle knocks out a proton from the nucleus, so it is a nuclear reaction.
*x B. Diring the bombardment, the o particle knocks out & neutron from the nucleus,
thus it is a nuclear reaction.
* C. When aluminium is d {nto phosph the nucleus is ch d, thus it is a nuclear reaction,
v D. During the colision, alpha particles are rebounded by the gold nucleus,
alpha particles do not make contact with the nuclens, thus it is not a nuclear reaction.
B
By coaservation of energy :
5 KEstfardistance = KEatP + PEatP  whero #E = _24 ’
4ns,r
L TIX1Cx L6 x 1070 = KB, + (19%16x107%)(2x1.6x107")
47£,(6.5x10™)
~13.,
o Kb = 672x10°0T = ST2XW 1060y = 42 Moy
1.6%107"
c
x A @ particles are scattered by the nucleus of the atoms, thus no relation with the eaergy level of electrons.
* B. Binding energy is the energy to split the nucleus, but « cannot reach the nucleus of the atoms.
v C. The closest approach of the « particles can give an estimate of the size of the nucléus.
x D. This experiment can only tell the structure of atom, but not the structure of the nucleuns.
(O] Apply the classical electromagnetic theory onto the Rutherford's atomic model,
the el orbiting the nucleus have centripetal acceleration,
thus electromagnetic waves would be emitted continuously,
and the atom would gradually lose enezgy and collapse.
Actually, an atom would not emit eleciromagnetic waves and would not collapse,
v @ When a high voltage is applied to the gas in a discharge tube,
the gas would emit light isting of di tral lnes, .
Rutherford’s model cannot explain why only the waves of certain frequency or wavelength are emitted,
but not ths continuous range of wavelengths.
* 3 The orbiting motion of electrons is a circalar motion,

ceatripetal force is provided by the elect i ttracti force b the nucleus and the ¢l

L Ty P P2

Sunt Lt

11,

i

D

v [43] All the positive charges are concentrated inside the tiny nucleus that can deflect the alpha particles.
x [vA] The discrete energy levels are proposed by Bohr, not by Rutherford.

*

[©)] Rutherford model carmot explain the emission of radiation of discrete wavelength.
< Note that the question asks for incorrect statements. >

c
The process of changing the direction of the alpha particles by the positive charged nucleus is called scattering,

SR e
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‘Fhe following question marked with ( ) is the past HKCE questions. The number inside the bracket represents the year of
the examinatlon.

Q1. The figure shows 2 simplified sot-up of the o0 particle scattering experiment, which was caried out in a vacuum. ¢ particles
(92) were emitted through a narrow slit to strike on 2 thin gold foil The detector was a microscops with a fluorescent screcn in
the front.

Thin gold foil

Lecad box.

o source

(a) Explain briefly ’ (4 mwazis)
() why a load box with a parxow slit was used. :

(i) why the experiment was performed in a vacuum,

() In the above experiment, most of the o particles emitted wexe detected at 4, and 2 small number were detected in various
positions around the foil, such as B, Cand D. .

This experiment led to Rutherford’s atomic model. Deseribe this modeL (4 xoarks)

(c) How would the number of o particles detected at 4 be affected if the thickness of the gold foil were increased to 1 mm 7
(1 mark)

(d) State another type of detector which can detect & particles. (1 mark)

E

Ql. (2) () Toobtaina finebeamofo particles. P
OR
: To enable the & particles travel in a straight line.
(ii) o particles have very short ranges inair.
OR

The range of a particles in air is only 2 few centimetres.

(b) There exists & tiny nucleus in the atom.
Most of the space in an atom is coopty.
All the positive charge and most of the mass were concentrated in the nucleus.

" The negative electrons move eround the oucleus,

(c) Thenumber of o particles deteclet.l at A becores zero.

(d) GMtube
OR

photographic film

Leogyias

21

73]

PR




2.2 Photoelectric effect

Use the following data wherever necessary :

Speed of light in vacoum e=3x10°ms™
Charge of electron e=16x107"C
Electron rest mass my = 9.11x 107 kg
Planck constant h=663x107]s

The following list of formulae may be found useful ;

Einstein’s photoelectric equation L 1o Vo = Bf ~ ¢

Part A

The following questions marked with {SP} are the Sample Paper questions of the new DSE Examination.

MI. The equivalent wavelength of a photon of energy 10 oV is

{SPE} A. 213nm
B. 124mm
C. 25.6nom
D. 19.7am
M2. In an experiment on the photoelécu‘ic effect, a beam of monock ic light is directed onto a metal plate to liberate

{SP} electrons. The velocity of the fastest photaclectrons emitted is
A, directly proportional to the-frequency of the incident light.
B. directly proportional to'the intensity of the incident light.
C. independent of the nature of metal.
D. independent of the intensity of the incident light,

M3, The work function # of five metals are fabulated below.

(sp) '
’ Metal Caesium Barium Celcium . | Magnesium Beryllium
Wiy 34 4.0 4.6 59 8.0
When k ic light of length 400 am is incident on each of the metals, how many of them would exhibit
photoelectric emission ?
A1l i
B. 2
C 3
D 4 37
i
s
PartB:

The following questions marked with { } are the past DSE questions. The number inside the brackets represents the year
of the examination.

M4, Photons with energy 7 €V are incident on the cathode of a photocell. The maxi kinetic energy of the photoelectrons
{12} cmitted is 4 eV, When photons of energy 4 ¢V are incident on the cathods, the pping p il will be §
A 0V, ’
B. 1V
. C. 2V,

D. 3w.




) . S s . ¥ ) ! iy
M5. In studying the photoeleciric effect, a certain metal is il d by t of differcnt frequency f and the : . . W
e ot : g ; i M8.. Which of the follo hs best e variation of the maximus vélocity v of th i A
hot wred, Th h is plotted as sh % Wmng grap) P o 2locity v of the photoclectrons emiited froma .
{12} maximum kinetic energy K of the photoelectrons emitted is meas ¢ graph is plotied as shown. : [82] target with he frequency. of the incident light ? b
A, B. , C 5y D. , - )
ob I JC. f [} Sy 0 f ot
0 > .
. ) - R ” M9, i
What would happen to the graph if ultraviolet radistion of higher intensity is shone on the same metal ? (851 li
slope of the graph intercept of the graph on the horizontal axis ;
A. smaller unchanged
B. - larger unchanged
C. unchanged unchanged
D. . unchanged smaller
: battery )
A— ;
PartC: ’ Red light shines on the pi\owelech'ic cell C as shown, If the reading of the microammeter is zero, this may be explained by

the fact that .

(1) the exnf of the battery is too small..

(2) the intensity of the light js too low.

(3) electrode X is made 6fa material with too greats work function.

The following guestions marked with | Jare the past HIAL questions. The number jnside the brackets represents the year
of the examination. .

M. o v A (D) only
30 mc:denthg'lt\ : B. (3)only
180] e C. ()& (2)only :
- D. @&@3)only :

MI10. When a beam of light of intensity J and frequency f is shone on the surface of a metal connected to earth, 200 electrons are
[86) ejected from the surface per second. Ifa light beam of intensity 27 and frequency 2is used, the pumber of electrans cjected
from tho metal per second will be i
A, 50.
B. 100.
C. 200,
D. 400.

.~ verigble +
0

d.c. source

In an experh with a photocell, readings were taken of the stopping potential ¥s fora series of frequencies fof the incident
Light, and the results plotted as a graph of ¥; against f are shown in the diagram above. If the emnitting electrode is mow
changed to one of 2 different metal, which also gives photoelectrons, the new graph
(1) cutsthe P axis at the same point
(2) cuts the faxis at the same point
(3) has the same slope
A. (Denly
B. (3)only
C. (1)&(2)only
D. @)&(3)only

MIl. current
87}

- +

p-d
The figure above shows the currents obsorved in a photocell circuit as a fanction of the p.d. between the plates of the

M7. Forthe photoelectric effect, which of the following is the correct relationship between the energy E of a photon, the work
[81] function 7 of the surface which it strikes, and the meaximum kinetic energy X of the emitted photoelectrons 7

oy A E=W+K photocell when light beams X, X1, IIX and IV were each directed in tum at the cathode. Which of the beams has the highest
b e frequency ?
it B. E=W-X Al
C. E=K-W B. I
D. K=2AW+E) ‘C. MO
- D IV




MI2. [
(88} |

o
)

Light falls on the photo-sensitive metal surface of a photocell. A battery and 2 sensitive meter are connected to the photocell
as shown. Which of the following statements is correct 7

A. No current is obscrved in the meter untit after a considerable time, when the metal surfuace has heated up.
The maximum energy of the electrons emitted is proportional to the infensity of light.

emitted is independent of the p metal used.

B
€. The maximum kinetic energy of the el
D. No current is observed in the meter unless the frequency of light is above 2 minimum vatue.

MI3. When Jight of wavelength 4.0 x 10”7 m is incident on the surface of & metal, the Kinetic energy of the electrons emitted has a
[89] maxinum valge of 3.0 x 107 7. What is the longest wavelength of light which would cause electrons o be emitted from the
metal ?

A 66x107m
B. 1.0x10°m . -
C. 25x10%m
D. 98x10°m

MI4, The photoelectric effect occurs when monochromatic light falls upon a metal surface in a photocell. What happens when the
[90] light intensity increases 7

A. Moreel are emitted with unchanged speed.

B. More clectrons are emitted with increased speed.

C. The same number of electrons is emitted with increased speed.
D. More photons are emitted from the surface.

MI5. A beem of monochromatic light falls on a metal surface. If the frequency of the light is doubled but the jutensity remvains
[o1] hanged, which of the following stat is/are correct 7

(1) The photon energy is doubled.
(2) The number of photons falling on the surface per second is halved.

(3) The maximum kinetic energy of photoel ejected is doubled
A, (D)only
B. (3)only
C. (1) & (2)only
D. (2)&@)only

ic light is directed onto a metal plate to liberate

M16. In an experima;xt on the photoelectric effect, a beam of
[91] electrons. Which of the following statements is true ?

A The velocity of the fastest electrons is directly proportional to the frequency of the incident Light.

B. The velocity of the fastest electrons is directly proportional to the integsity of the incident light.

C. Thekinetic enetgy of the fastest electrons is directly proportional to the frequency of the incident Jight.
D. The velocity of the fastest clectrons is independent of the § ity of the incident Light.

M17. The work function of a metal is the least cnergy reguired to '
[92] A. release one mole of electrons from the surface of the mota). .
B." bring one mole of electrons z.‘rom the interior of the metat to the sieface.
C. release one electron from the surface of the metal.
D. Tbring one electron from the interior of the wmetal to the surface.

M18. When ﬁght of t:requency /i is shone on to a metal surface, the meximutn energy of the electrons emitted is E;. If the same
[95} surface is {lluminated with light of frequency £, the maximum energy of the electrons emitted is E;. The Planck constant is

given by
A, SiE-/\E,
fufa
B, LE+E,
h+t
C. E,-E,
fith
p. L&
51
M19. A metal surface is illaminated with monochromatic hght so that it emits p tectr The kinetic energy of the ’

[96] emitted photoelectrons depends on
(1) the distance of the metal surface from the light source.
(2) the work function of the metal surface.
(3) the wavelength of the incident monochromatic light.

A (1) only
B. (3)only
C. (D&E)only
D. (& @)only
M20.
©7 - incident
monochromatic .~
radiation ~
c
+ -
d.c. source
A d.c. source is applied to a photocell as shown. Monoct ic radiation is incident on cathode C so that p !
:m emitted from the cathode surface. The maximum kinetic energy of the photoelectrons reaching anode 4 can be increased
Y using

(1) ad.ec. source of higher voltage.

(2) monochromatic radiation of longer wavelength.

(3) thesame monochromatic. radiation but of higher intensity.
A, (Donly
B. (3)only

s C. (&) only

D. @)&(@)only
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M25. y :
A 103]
- x
: of .-
0 i : o
'Thc_ a]mve graph shows the variation in maximum kinetic energy K of photoslectrons with the frequency ; of the incident In an experiment on the photoelectric effect, a student measured the potential 5 required to prevent photoemission when a
radiation on a metallic surface. Ifradiation of twice the intensity is used, which of the following graphs (dotted line) shows " mmetal was flluminated with radiations of varying wavelength A. His observations led him to plot the graph as shown, but he
?e weriation of K with /7 B c D omitted the axes labels. The correct labels for the axes are
"k g . X . ) ‘
A 1A Ve |
B. Vs LA ¢
C. a Vs {
D. ¥s Va2 ¥
0 >/ 0 >F 0
% M26. A beam of blue light falls on the cathede of a photocell so that electrons are emitted. The blue bea;:hies thtfln replacel;i b‘y a;
. . s . . . . . i i i jtted. t would happen to each o followin, 1c2]
. In a serics of photoelectric emission experiments on a certain metal surface, relationships between the following physical . . (o4 yeu";.::;]:;h thﬂelclﬁs::‘i:c::inss :g ;ﬁ;meﬁ:;l;;;';me What w ppe 8 phys
[00] quantities were investigated. i ; quantiti . p
f = frequency of incident light : K : the maximum kinetic energy c?f the elecu'f:ns emitted
I = intensity of incident light I : the magnitude of the phot?elcchic current
i = photoelectric current ! K I )
K = maximum kinetic energy of photoelectrons A. increase " remain unchanged
Two of these quantities, when plotted on a graph of y against x, 7 B. decrease Temaln unchanged ;
wonld give a straight linc through the origin as shown. g :ecrca:: ‘;;Zs:e i
- . decrea .
Which of the following correctly identifies x and y 7 H
(Bssume he fequencies used are greater than the treshold frequency.) 0 . * : M27. In a photoelectric emission experiment using light of a certain wavelength, the potential d:ﬂ'e.renc? ¥ required to stop any
x y . * i 06] electrons from reaching the anode is measured for different light intensity . Which of the following graphs shows how
{06} 4 ) !
A, f K depends on 1?7 D
B. f i A . B. - C. v - i
C. I. X “ 3 ;: .
D. 1 i . “
. A certain ph 1l emits el when illuminated with yellow light. This photocell will probably NOT emit electrons . i ‘. " . o R
when illuminated with 0 7 0 > 0 > 1 >1
A. binelight. v L
B. en light.
e . o H M28. The work function ¥ of five metals are tabulated below.
C. redlight. [07)
D. ultra-violet radiation. Metal Caesium Barium Calcium Magnesium | Beryllium
A w10y 34 40 46 59 8.0 -
i} M24. Abeam of red light falls on one electrode of a ph 1l and eloctrons are emitted. The red beam is then replaced by a blue - . IR I :
: 3 [02] one that has the seme intensity. Which of the following physical quantities would decrease as a result of this change 7 : If h ic light of length 400 nm is incident on each of the metals, how many of them would exhibil . o
‘A The maximum Kinetic energy of the photoslectrons emitted Ph°t°1°l°°m° effect 7
B. The cnergy of each photon striking the electrode ’
C. The number of ph strikirig the el de per second
D. The magnitade of the potential differeace across the photocell required to reduce the photo-clectric current to zero




M29. The human eye is most sensitive to green light of waveleogth 520 nm. Qur eyes can detect light of minimum intensity
08} 2.0 % 10° W m™. Estimate the minimom number of pbotens entering an eye in one second in order to canse sensation,
asswing that the average diameter of the pupil is 5 mm.

A. 10000
B. 1000
C. 100
D. 10
M30.
[10]
=y
I
Monoct ic light is incident on a photo-emissive cell connected to a variable d.c. supply as shown. The galvanometer
shows no deflection. Which of the followiug can be a possible reason ?
(1} Thet ‘of the phot cell is too low,

(2) The wavelength of the incident light is too Jong.
(3) The d.c. voltage applied has been reduced to zeso.

(yonly

(2) only .
(1) & (3) only
2) & (3) only

vowp

M31. In photoelecicic emission experiments, when a hromatic light of length 2 is incident on metals X and ¥, the
[10] maxirum kinetic energy of the photoclectrons emitted are 1.0 eV and 0.5 &V pectively. If tho incident light is replaced by

o

that of wavelength 1/2, the maximum kinetic energy of the photoelectrons emitted from metal X becomes 3.0 ey. What is
the maximum kinetic energy of the photoelectrons emitted frommetal ¥ 2

A loeV
B, 15eV
C. 200V
D. 25¢V

M32. When & metal surface is illuminated by light of wavelength 400 nm, the emission of photoel can be stopped by a
{12] potential of 0.9 V. Find the work function of the metal.

A 09eV
B. 22eV
C
D.

29¢e¢V
3.1lev

Answers :
1. B 11. B 21, A 3. D
2. D 122 D 22. D 32. B
3. C 13. B 23. C

4 B 14. A 2. C

5. C 15. C 25. A

6. B 16. D 2. C

7. A 17. C 27. A

8. C 18. D 28. C

9. B 19. D 29. D

10. € 20. A 30. B

Solution '

1. B .

he
By E=)hf= 22
y f ﬂ . .
L (10x16x107%) = “(6:63x107)(3x10%)
. A

s A=124%107m = 124m

D
The intensity of the incident light affects the number of photons, but not the energy of photons.
Thus, the maximum KE and maximum speed ere not affected by the intensity of light.

[}

Energy of the photon with wavelength 400 mm :
_ _he _ (6.63x10)(3x10%)

E=hf=7= (400x10™)

To eject photoelectrons from 2 metal, the energy of this photon has to exceed the work function # of the metal.

= 497x107"]

Only Caesium, Barjum and Calcium can exhibit photoolectric effect, thus the mumber is 3.

B

Photoelecic equation : & = W + K

For E=7eVand Kpyu=4eV:

L (N=W+ @) S W =36V

For E = 4eV:

L=t Kax . Kex =16V o V=1V




1
- |
ao» C 2. D )
The slope of the graph is equal to 4, which is a Universal constant, thus jt should be unchanged, P A. Photoelectrons are ejected without any time lag.
The infercept on the borizontal axis is the threshold frequency, which depends on the mets], thus it should be unchanged. * B. Energy of phatoclectrons is independent of the imtensity of light.
’ x C. BY Kunse = E~¢ - Knw is affected by the work fimction ¢ that depends on the type of metal,
6 B . D. Frequency of light below threshold frequency = no photoelectrons can be gjected = no cutrent
Ko = Bf- ¢ noeVs=hf-hf D AL L
e e 13. B
h .
x int e depends terialg,
1) y-intercept p £, which depends on materials. Bt K h-% - h";'b' + Ko
x (3] x-intercept = f , which deponds on materials. . i B
i o @63x1079—SD_ | 663x1079- 89D 4 a0y - A= 10x10¢m
v Q@) Slope =—, which is a constant for different materials. (4.0x10™) A
a8
7. A . 14, A
: e . . N p N ¢ £
By Einstein’s Photoslectric Equation, E = W + K Q) TPt -7;-1“ by P=—t-—-h~1- )
’ @ A Same ﬁet;uenéy of light => same energy of photoelectrons => same speed
8. (o4 - .
E= ¢+ K hf=¢+lmv’ 4 oy= ’_Z_h.f_iﬁ , 15. C )
2 m m v () f-2f = E->2E ®y.E=kf)
. The graph is a quadratic graph of shape y & ~/x with positive x-intercept
o e " v s 2l ey plun
9. x 3) By hf=hf + Kuy = f->2f doesnotimply Ko — 2 Kn
* ) Jf electrons ate gjected, they are accelerated by the battery, no matter how large is the em.f. :
x @ Energy of photon is independent of intensity of incident light. 16. D
v (&) By E= ¢ +Kou,if§ IstooTargeand £ < ¢, ) B * A. As hf=hf; + Lmve.” - fisvotdirectly proportional t0 Ve
i.e. the energy of the photons shining onto C is too small, then no photoelectrons would be emitted. . B Velooity of photoel is independent of ity of ight, provided that tho frequency is unchanged.
10 C x C. hf= hfo+ Ko o Kuoux ismot directly proportional to £
N_P P I v D. Enorgy, and bence velocity of photoelectron, is independent of the intensity of light.
P==hf = T Z‘f it 7 « 7 Intensity of light only affects the number of photons, thus affects the number of photaclectrons emitted
N U f
200 I 2f 17. o] .
N Work function of a metal is the mini encrgy required to 1 an clectron from the surface of the metal. 7
. - -1 .
T 200 £ It depends on the particular metal. :
1. B LR
Fa Highest frequency of light => greatest energy of photons By hf= ¢+ Knux
:] — gratst Koot hoto B4+ B O
i = grealcst stopping potential Ef=¢+E Q)
- M has the greate itude of potential (D-@): hfi —hfi= Ei~E




24.

19,

D

E= W+ Kpy

K =hiow
A

= (2) and (3) are correct.

A

v [6}] Higher voltage = photoelectrons gain more K&
* @ Ao Kud (by Kpue = b2 = W)

* (3) - Energy of photoelectrons is independent of the intensity of incident light.

KE of photoclectrons is independent of intensity of radiati
". 1o change in the graph

Since red light has a frequency lower than yellow light
thus the energy of a red light photon is Jess than that of ‘yellow light

therefore the energy of the red light photon may not be groater than the work functior of the metal
so photoelectrons may not be ejected.

*® A Sincs blue Light photon has a greater energy, by E = W + K,

the maximum kinetic energy of the photaelectrons emitted is greater for blve light.
x B. As blus light has a higher frequency than that of the red light, by E=hf,

energy of a blue light photon is greater than the cnergy of a red light photon.

Since the two bearns of Tight bave the same intensity,
the power P incident onto the electrode are the same.

Since blue light cjects photoelectrons of grester maximum kinetic eergy,
By Kuw = e ¥, the stopping potential ¥ for blue light is greater.

< f~1 praph is a straight line gzaph . Dis cor'rect.

By P = A’-hf,asblue]ighthashigherﬁ quoncy f, the number of photons per second N/t is smaller,
3

ven

25.

26.

27,

28.

29.

A %
As hf=hf, + eVs -
ke 1 hf
R A L P/
s e A e

A graph of Vs against .Ili.gima traight line with negative y-i ,.,ﬂms,xis:li- and y is Vs

C

[} Yellow light has a smaller frequency f'than blue light,
By if=W+K - fl=kl

] Intensity of light «< P = i:r—hf and  Cunent /= Z ¢
!

AR SR 2t=r
A .
¥ is the stopping potential, \a;hich is related to the maximum kinetic energy K., of the photoelectrons by Ky = e ¥
The maximum kinetic energ'y I related to the frequency fof the light by Af = W + Ky
It can be found that the stopping potential is not affected by the light intensity Z.
Thus, the graph should be a horizontal Line, indicating that ¥’ is independent of 7,

[ .
Eaergy of the photon with wavelength 400 nm ;

he - (6.63x107)(3x10%) 19
E=hf=—=""_— 7 " J _497x10™7
4 i (400x107%)
To gject photoelectrons from a metal, the energy of this photon has to exceed the work finction # of the metal.

Only Cacsium, Barium and Calcium can exhibit photoelectric effect, thus the number is 3.

D

-3 v
E=hf= he - (6.63x10°')(3x10")

= 3.825x107 J
F) (520x107) *

P=Id= (z.0><10-“)><§(5xm")z =393x10°" W

p=Xg
t

5 (393x107Y) = ?x(3.825x10"’)




Yo B Use the following data wherever necessary : ! e
g . ; Speed of light in vacuum ¢ =300%10°ms? . o
x ) The temperature of the photo-emissive cell would not affect the photoelectric effect.
= L60x 107" C
v [(¢A] If the wavelength is too long, the frequency of the incident light would be too low, Charge of electron € x
’ that the frequency may be lower than the threshold frequency, Electron rest mass me = 931 x 107 kg
thus no photoelectrons are emitted, and thus the galvanometer has no readin,
? d ® & Planck constant h=663x10™7Ts

x 3) If there are photoelectrons emitted,

tho galvanometer can show deflection even if the applied voltage is zero. The following list of formulae may be found useful :

D Einstein’s photoclectric eqnation %me‘ Voo = hf~ ¢
For wavelength 1 :
metal X: i;_ =W +10  memly: ¢ ”c = Wy + 05 PartA:

The following question marked with {PP} is the Practice Paper question of the new DSE Examination.
LWk F10=y 405 O

For wavelength A/2 : QL. (2) In studying the photoelectrons emmcd from sodium, it was found that no photoelecirons were emitted when the
{PP} wavelength of tlm mmdent Jight was longer than 527 x 107 m,
metal¥: AC g 330 memr: HE < w4k
Az . a2 . (i) Explain why fhe wave model of hght cannot for this p} (2 marks)
L PY30=Pr + Ky O
Combine @ and @ : Ky = 2.5 eV ’
(i) Determine the work function for sodium: Express your answer in electron-volts. - (3 marks)
B
=34 l -
Energy of cachphoton: g = p f = o (6:63x107) 3x10T) _ )(_3’“0 =4.97x10" T =3.1eV
'l (400x107) (iil) What is the physical meaning of work fiunction 7 : (1 mark)
s Maximum KE of photaelectrons : K, = 0.9eV .
LJ By Photoelectric equation: E = W + Ko
- G =7+ (09 {b) Figure (a) below shows a photoelectric smoke d Peter made for a science project competition. It consists of a

. light source S, a photocell C and an alarm circuit. When smoke enters the detector, light from S is scattered by the
- We=22ev smoke particles and enters C as shown in Figure (b). Photoelectrons are produced in C when light is incident on its

sodium surface. The alarm is triggered whea the photoclectric current is larger than 1 x 107 A,

Figure (2) Figure (b)

oS

() If5% of the photons incident on the sodium suface of C emit photoelectrons, what is the minimam number of
photons incident on the sodium surface of Cin 1 s when the alarm is triggered ? (2 marks)




Ql. (b) (i) Peter claimed that the d will b more sensitive if a light source of the same type as S but of higher
intensity is used. Commnent on his suggestion. . {2 marks)

PartB:

The following questions marked with [ ‘] are the past HKAL questions. The number Inside the brackets represents the year
of the examination.

Q2. Inan cxperiment using a photoelestric cell, the phot

ic current was dasafi
[81] the anode with respect to the cathode.

of the potential difference of

(a) Curve 4 Selow shows the result when monochromatic light of certain intensity was nsed to {lluminate the photocathode.
Sketch to scale the curve you would expect to abtain if the intensity of the light were halved. Label your curve B,

(2 marks)
Photoclectric current
A

+ _ pd.ofanode with
0 ™ Tespect to cathode

(b) State one way in which curves 4 and B contradict the wave theory of light. Explain clearly. - (3 marks)

(c) Sketch an the below graph the form of the curve you would expect to obfain if light of the same intensity but double the

frequency were used. Label your curve C. (3 marks)
Photoelectric current
¥y
o A
+ _ pd.of anode with
0 " respect {o cathode

4 '

i
i

YIRS b

Q3.
52

{
H
1

; | 7]
) :

(Y

(2) Inan experiment with en illuminated photocell using cacsium as the cathode, 2 small current is detec.ted by the ammeter = - .-
even when the anade is made slightly negative with respect to the cathode, using the circuit shown in the above figure. ...
Briefly account for this. . (2 marks)

H
i

(b) The current falls to zero only when the reverse p.d. across the tube reaches a value ¥, which varies with the frequency /7,
of the radiation used to lluminate the cathode. The figare below shows the relationship between ¥, and /.

1.5

: /]

1.0

Vv
L
6.5 // i
/

0 /5 - P 7 3 F110% Bz

(1) What is the relationship between F, and fas predicted by Einstein’s photoelectric theory 7

(i) What is the value of the threshold for caesium ?

1!

(iii) Estimato a value for the Planck constant.

(iv) Calculate the work function far cassium in electron-volt,

(v) Sketch on the above figure the corresponding variation b ¥, and f for a photocell whose cathode hes a larger
work fimction than caestum. : (2 merks)




Q4. In a photoelectric experiment, a thin meial plate of dimension (8.0 x 102) x (8.0-x 10) m? is illuminated with a parallel
[96] beam of ultraviolet light of wavelength 230 nm. The work function of. the metal is 2,21 eV,

(a) What is meant by the work function of a metal 7 {1 mark)
() () Calculate the maximum kinetic energy of the photoelectrons emitted. ' (2 marks)
@) Fi md the stopping potential. ’ (1 mark)

(c) The intensity of the ultraviolet light used js 3 W m2 and it falls normally on one side of the metal plate. Find, in the
absence of the stopping potential, the nurber of photoelectrons emitted per second. Assume that every incident photon
can fully release a photoel (3 marks)

(@) State the change in
(@ the stopping potential ; and
(i) the number of photoelectrons emitted per second, '

if another source of ultraviolet Iight with the same intensity, bur having a shorter wavelength, is used. Explain briefly.
(4 marks)

Q5. The set-up-shown in Figure 1 is used to study photoelectric effect, Light of a certain frequency is directed towards the photo- e
[08] sensitive electrode B of a Pphotocell. The potential difference across the electrodes 4 and B can be varied by adjusting the
variable supply. -

Jight N hotocell

N

Figure 1

variable

_L supply

(2) When the voltage V3 of the electrode B is zero, the electrometer still detects a current. Explain this phenomenon and
" state the direction of the corrent in the photocell. (2 marks)

(b) The work function of electrode B is 23 eV. The graph in Figore 2 shows the variation of the current £ with the voltage
¥V when the variable supply is adjusted.

1710 A
S
Figure2
™ -~
> ViV
3.0 =20 -L0 ¢ +HO0 +20 430
() Explain why the current drops when Pj is increased. (2 marks)

(i) What is the maximum kinetic enetgy, in eV, of the photoelectrons produced ? Hence, find the wavelength of the "
light waves used and name this kind of light waves. (4 marks)

© ® = Figure 2, sketch the current-voltage variation whea the experiment is repeated with the Light intensity doubled.
2 marks) -

(ii)‘ Referring to the graphs in Figure 2, claborate one obscrvation of the photoclectric effect that cannot be explained' .
by the wave theory. (2 marks)




| |
Q7. The meal Caesium has a work function of 2.08 eV. [ :
i )

(@) Calenlate the longest Jength of visible light that can cause emission of photoelectrons from Caesium. (2 marks)

Q6. (a) Explain the physical ing of terms 4/ and ¢ in the Einstein’s photoelectric equation : Koee = Af ~ 4.
{09] ) (2 marks)

(b) Light of wavelength 450 nm is incident on 2 metal surface. The power of the light reaching the metal surface is 5.0 mW.

. .. i () Light of wavelength 4.01 x 107 m is incident on Caesium. Find the maximum kinetic energy (in V) of photoclectrons . | Jix
- () ¥ind the nuxaber of photons arriving at the metal surface per second. (3 marks) ] 1 emiited from it. (2 marks) \)
(i) If on average only one photoclectron is emiticd for cvery two thousand photons absorbed by the metal surface,
calculate the resulting photeelectric current, (2 marks)

PartC:

B LU L

© Light of different wavelengths 4 is allowed to illuminate the metal surface. The corresponding maximum kinetic energy

KB of the photoel emitted is tabulated below, The following questions are desng:ed to give supplemental exercise for this chapter.
; ) Q8. The graph shows how ‘themaximum kinetic energy £ of photoelectrons emitted from the surface of aluminium varies with the *
KE ./ eV 0.23 0.44 0.66 0.95 . frequency fof the incident radiation,
Afam 520 430 441 400
' Bl {EaEE:
) imsmas
( Choose a suitable physical quantity to complete the table so as to plot a straight line graph. Use the graph to find 3 e e
the stopping potential which can reduce the current found in (b){ii) o zero. Show your working. (6 marks) 2
1 H
Ht -
0 iaiiEaEd F110%Ez

0 2 4 6 8 10 12 14 16 18 20

(&) Explain why no photoel are emitted below a frequency of 10 x 10™ Hz.

(b) Calculate the wark function of alnminjvm in electron volts.

{c) Calculate the gradient of the graph, and express the answer in SIunit. State what quantity it is. (3 marks) -, ;

.-(d) Addasecond line to the graph to show how E varies with f for & metal whick has a wark function less than aluminiu;n:
(2 marks

(i) Suppose the experiment is repeated with another piece of metal of larger work function. Use a dotted line to sketch
the expected result on the graph in (c)(i). (2 marks)




Q9. In 1921, Albert Einstoin won the Nobel Prize for his work on the photoclecmc effect. Ql 0. () (i) The graphs show how the maximum kinetic epergy of the emitted eIectrons varies with the frequency of ncident
The results of experiments on the photoolectric ffect show that : tight for the four retals. -
%  photoel aro not released when the incident radiation is below a certain threshold frequency ; Maxi i .
% the kinetic energy of the photoelectrons released depends on the freq of the incident light and not its intensity. i“:gl;ll ;
Explain how these results support a particle theory, but not a wave theory of light, (6 marks) :
22 HH
: i
i y/Hz '
:
Q10. (a) Inad ion of photoelectric effect, ultravialet light is incident on a zinc plate aud electrons are emitted. Suppose .
now the intensity of the ultraviolet light is increased, . \ By using the photosloctric equation, expltin why the lines aro all paralicl. ) (2 marks)
[43] Expla:in why the mumber of electrons emitted per second increases, (3 marks) !
i
(ii) Give the reason that the maximum kinetic energy of an electron doss not change. ’ - (2 marks) (i) A school lab y has a photoelectric cell for student use. The metal plate in the photoelectric cell is made of iyt
’ caesinm and jt can be used thh a set of filtexs to obtain a graph similar to the one in (ii).

Explain why the metal plate is made of caesium rather than zine. : Qmaks)

(b) The table shows the wotk functions of four metals.

Metal ‘Work function / 10°°J
Aluminium 6.53
Caesiun 3.36
Potassina 2.30
Zinc 6.88

() Determine which of these metals can emit electrons when illuminated with visible Light of frequency 5.88 x 10" Hz.
(3 marks)




Q. @

®

() According to wave theory, energy of light depends on the intensity.
No matter what the frequency is, photoelectrons should be emitted when the incident light is intense enough.

@ ¢ =hfi=hl
4,

- (6.63x 10°%) x __3x10"

527x107
=377x107y
=15
= % eV = 236eV
Ox

(iii) Work function js the minimum enetgy required to Telease an electron from 2 metal surface
against the attractive electric force of the metal.

= _IXI0? o5 100

: i
i Number of photoslectrons per secand = —
@ b e 16x107™

Number of photons per second = 6.25 x 10" + 5% = 1.25 x (02

(i) ‘With a more intense light source of the same type, more photons are emitted.
Sufficient photons will be scatered by a smaller amount of smoks.
Hence, Peter’s claim is correct.

Photoelectric current
'y
" A
SN ———
= +  p-d.ofanode with
0 " respect to cathode
< Stopping potential remains unchanged >
< Saturation current reduced to half>
The current is reduced to zero for the same negative stopping voltage )

This stopping voltage is proportional to the

kinetic energy of the emitted electrons.

According to the wave theory, the K.E. of the emitted electrons should be greater for more intense light
and thercfore a greater value of the negative voltage would be expected.

[0y}
[1

m

i

m

)

m

]

m
Y]

(1)
(0]

m
U]

)]

Q2

Qs.

@

Photoelectric current

4

|

- + _ p.d.ofenode with
) " respect to cathode

< shape correct >
< For the stopping potential : ¥ > 2 ¥, but Vo = 27, >

< For saturation current : /g = -%-IA >

Some emitted electrans have sufficient kinetic enesgy -
to overcome the opposing voltage between the anode and cathode,

@D e¥Vs = hf-¢-
where ¢ is the work function

(ii) threshold frequency : £, = 4.6 x 10" Hz

(iii) slope of the graph = 2
e

_h
1.6x107

SO h=64%10%M]s

L (04x107%) =

@) ¢ =hf

= (64X 10 x@6x10Mx 1
1.6x10™°

= L.84ey

™ yp
t initial line new line
< samo slope as the initial line >
< greater intercept at the f~axis >




Q4. (8) Work fimction is the mini energy to an clectron from the metal surface. 1

: @@ 6 1107 A
® 0 K=K
3 ; \
(6.63x10"‘)x2;(;‘Tl?0_9 = K, +(221x1.60x10°) m N
N
. o Koo = 501%107Y) (11 ~Nd N
O :
; " 511x107% : R
® ¥ = Teoxao® "3V th J S0 20 0 0 e e as Y
(c) Energy supplicd per second = 3 x (8.0 x 107)? i < saturation current doubled >
= 1.92x 10715 m . < stopping poteatial unchanged >

3x10°
230x10°

= 865%x1077] [

Energy of cach photon = §,63x107% % (ii) According to wave theory, the photoelectrons should kave greater maximum K.E,

However, the stopping potential and thus the maximum K E. remain unchanged.

£ . "
1, Number of photoclectrons emitted per second = 1.92x10

s 8.65x107"

v

Q6. (8) Ay isthe energy of each phioton

=222x10" 1 .
. ¢ is the work fanction, it is the mind energy required to an el from the metal surface.
(@ () Since the energy of each photon increases, [1] .
; : ® O E=hf=he EEXCNEAM) 40y
the maximum K.E. of the photoelectrons i , thus the stoppiog potential i : [ T T T T (@sox10™) ’
ol (ii) The number of photoelectrons emitted per second would d since i ity is tant 13 P= N E
e : t
i3 and each photon has more energy, the number- of photons arrived per second would dectease, m N
S (5.0x107) = s (4.42x107)
B o Xy iaeest
* Q5. (a) Since the photoelectrons are emitted with non-zero kinetic energy (OR speed). fi] ¢
: Direction of current is from 4 to B in the photocefl. m (i) Number of photoelectrons emitted per second :
1 -
. (b) () Those photoelectrons with kinetic energy less than e Vg (1 % = 1.13x10% X550 = 5.65x10% s
i -
[} do not have enough energy to reach the anods 4, thus the current drops. {13
. Lk = 2o = (5.65%107)x(L6x107°) = 9.04x107 A
I () Kax = 158V 13 N b ¢
o By be _ $+K,. [ @©. O
i 4 " KB/ €V 023 044 0.66 095
EJ =34 s
£63x107)B3x10%) ,1)(3 X10) _ (2341.5)x1.6x10™ A/mm 520 480 441 400
8 .
i N 2=321x107m 4] 1108wt 192 2.08 227 2.50
. A
1t s ultra-violet. 13




g |
Q6. & O Jev ‘ Q8. (a) Thephoton energy is less than the work function of the metal. i
& N i+
10 S : : (b) Threshold frequency= £, = 10 x 10" Hz
i 1 . kA
i3 | H - .
b . Work function : ¢ = A7, ~ (6.63x 10) (10 x 10%) = 6.63 x 107 F = 4.14 eV
- - -' (© Gradieat = 3-0)x(L6x10™)
: (18-10)x10*
B i
§ i 5 =6x10%Js
- - ‘The gradient is the Planck’s constant.
3 K ..
0.5 i (d) <The second Iine should be parallel to the original line, > ;
+- 1, < The x-intercept should be less than 10.> {
- L RN N
" ¥ ] : Q9. InParticle theory, light consists of packets of energy called photons.
E i . -
Fanue ax: . i Energy of each photon is expréssed by £ = k7. Higher frequency means photons of greater energy.
;: - If the energy of photon is below the work funchi n, no photoelectrons can be released ’
0 3t . 6 i . :
6 17 18 19 20 21 22 23 24 25 26 27 VA [ x10°m ’ Greater frequency means greater energy of photon that can reloase electrons of greater KE.
<appropriate quantities (with unils and axes labelled) > 0 % More intense light means more phatoss, to produce more
< suitable scales and correct points plotted > . ) i ; In Wave theory, wave energy depends on intensity.
<best fit straight line drawn > ' [13 * Mors intense fight should give electrons of greater KE, but it does not happen.
When 2 = 450 0m, 1/4 = 222 x 105m™, : §
from the KEqpee = 0.61 eV :
greph, ¢ : m Q10. (8) () Light consists of photons, each photon has energy Ewhere E = k.
Ko = eV, 1] Each photon can refease one electron from the'metal.
7, =061V <accept 0.60V to 0.62V> {13 Ifi ity of light is # ‘_'the ber of photons per second increases,
.. . thus number of electrons emitted per second increases.
(i) < straight line drawn shifted to the right > [1 :
< line with the same slopo > i (i) Since the frequency is constant, the photon energy is unchanged,

By £f = ® + Ko and ® is thus the maxi KE of ek does not ch

£
i
TeZ

() () Energyofeachphoton = hf = (6.63 x 10°% (5.88 x 10) ~ 3.90 x 10°¥¥

Q7. (@ Workfinction: # = hf, = h.S. m ? ;
4 % Electrons can be emitted if the energy of each photon is greater than the work function. .
5 208X 16 10°77) = (6,63 x 10¥ x 3%10¢ Blectrons can thus be emitted from caesium and potassium. @
5 A =598x107m " m (i) BY Kuwe = hf - @ w*
- * As gradient = 7, which is constant, thus they are all paralle].
® E=hZ = (@o3xto¥yx 300 1 — = 310eV n b .
] A 4.01x10 1.6x10 g‘r . . (iii) Cacsium works with visible light,
Kex = B~ W =310 — 2.08 = 1.02¢eV [83] i Zine works with ultra-violet radiation, but there is no UV filters. ]




2.3 Bohr’s atomic model of hydrogen

Use the following data wherever necessary :

Speed of light in vacuum ¢ = 300x10°ms™

Charge of clectron e=160x107C

Electron rest mass me = 9.01x10™M kg
Planck constant h=663x10M)5
Permittivity of free space £ = 885x 10PN m?

The following list of formulae may be found useful ;

Energy level equation for hydrogen atom E -1 mel =136 &V
(] nz 8 hz b‘: 3
PartA:

The following quwtlons; marked with {SPi are the Sample Paper questions of the new DSE Examination,

ML. The ionization potentiaf 6f ahydrogen atom is 13.6 V. How much energy is required to excite an ¢electron from the ground
{SP} state to the first excited stato in a hydrogen atom ?

A, 102eV
B. 63eV

- C. 34 oV
D. 19eV

M2. ‘The energy levels of a certain atom are ag shown. Which of these may

{SP} undergo an inelastic collision with the atom ? Energy
(1) anelectron with kinetic energy 3 £ .
(@) = photon with evergy 2 o
(3) aphoton with energy 3 E
A, (Donly —4E
B. (3)only —6E
C. (D& only
D. @)&@3)only
PartB:

The followlng questions marked with {PP} are the Praciice Paper questions of the new DSE Examination, '

M3.  The wavelength of the radiation emitted when an electron of an atom drops from the j® excited stats of energy E, to a lower
{PP} K excited stats of energy Exis

A E-E
k
B. E-&
ke
c he
E-E
p. ke ke




M4. The ionization energy for a hydrogen atom iu ground state is 13.6 ¢V. A photon of energy 4.53 oV strikes a hydrogen atom
{PP} in ground state. The hydrogen atom will .

A. notbe excited to a higher energy level.
B. beexcited to the first excited state.

C. be excited to the third excited state.

D. be ionized.

PartC:

The following questions marked with { } are the past DSE questions. The number inside the brackets represents the year
of the examination. .

MS. According to Bohr’s model of the hydrogen. atom, the ratio of the radius of the electron’s orbit in the first excited state to that
{12} in the second excited state is

Ao 1:2.
B. 1:42.
C. 4:9.
D. 2:3.

M6. Which of the following statements about spectra is/are comect ?

{12} (1) A tungsten-filament lamp emits 2 continuous spectrum. .
(2) A line absorption spectrum can be obtained when a tungsten-filamient lamp is viewed through s.ome hydrogen gas.
(3) The emission spectrum of hydrogen consists of dark lines on a bright background.

A ()&@only . e
. (1) & (3)only .

C. @&@)omly

D. (L,@&E)

PartD:

. The following questions mal.'ked with [ } are the past HKAL questi The ber inside the brackets represents the year
of the examination.

M7. An electron of mass m and charge e, is aceelerated by a potential ¥, then strikes an atom, exciting it from its ground state to a
[B1] higher energy state. The electron is scattored with speed u, and the excited atom subsequently decays back to the gronnd
state with the emission of a photon of frequency f. 1f b is the Planck constant, the value of s

iy A. 2@EV+hN)
I 10 4]
m

c. IM
m

D. ’ rz(eV—hf)‘
m

M3,
g4

M9,
[85]

Mio.
(88

MI1.
{87]

i
‘The jonisation encrgy of an atom in its grommd state is .
A. the encrgy required to sep all the el from the remainder of the atom.
B. the maximum energy required to separate one electron from the inder of the atom.

C. tho minimum energy required to scparate onc clectran from the remainder of the atom.
D. the minimum encrgy required to add one electron to the atom.

The ionization energy of 2 hydrogen atom is 13.6 eV. Which of the following energy levels is/are possible for the atom ?

@) ~151eV .
@) -340eV
@) -6.80eV
(1) only
(3) only
(1) & (2) only
- () & (3) only

TowEp

Eq

v

I

E

In the diagram above, E; and E., represent (fo scale) the energy levels of a hydrogen atoni in its ground state and the jonised
state respectively, Which of the drawn lines represents the encrgy level of the atom in ts first excited state?

A1

B. I
C m
D. IV

=4 —

n=3 ———

n=1

The figure shows the four lowest energy levels of a hydrogen atom. The hydrogen atom is excited from ground state to the

energy level 2= 3 when an electron collides inelastically with it. What is the mini encrgy 1

quired for the ¢}

this ? (lonization energy of hydrogen = 13.6 oV)
A, 4SeV

B. 121eV

C. "12.8eV

D. 151eV

to do

st poapee rar e
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MI16. The diagram shows the energy levels of a certain atom. When an electron cl}‘anges
[90] energy from 4 E to E, a photon of wavelength A is emitted. Which of the following
wavelengths of photons could be produced by other transitions between the energy

4E
3E

levels shown ?

: A A/3ad32
B. 24/3 md 3172 E
C 22/3md32

D. 3i/2ad32

R A SR
o]

E:x L Y. Vv
Edc d:'dgram shows the flrst five energy levels of an atom. Which of the spectra below best corcesponds to the transitions . i M17. Electrop transitions occur in an ator resulting in the emission of the following light wavelengths :
icated ?

I fre bigh o1} from level C'to level A : 600 nm
< i : y from Jevel B to level 4 : 500 nm

‘Which of the following statements is/are correct ?
(1) Level A has a lower energy than both levels Band C.
(2) Level Chas ahigher energy level B.
(3) The wavelength of light emitted for the transition between C and B is 100 nm.

?

| — R gt .
C. (1) &(2)only
S [ 1 D. @)&@)oly

MI18. In a bydrogen atom, electron tramsitions from the first excited state to the ground stats give photons of frequency £ If an

M13. When a beam of white light passcs through iodine vapour, the spectrum of the emergent light shows dark lines. Which of the (94] - clectron falls from the second excited state 1o the fist ane, the frequency of the photon emitied would be
3 [89] following statements is/are correct 7 ’ ;

A. 0.19F
(1) The iodine vapour absorbs from the Light all frequencies except those which it emits.
(2} The iodine vapour emits less energy than it absorbs. ! B. 0'44,'{
(3) The iodine vapour absorbs the same frequencies as it emits. . : - C. 084f
(1) ouly :

A.

B. (3)ocaly L19f
C.

D

T

o

(1) & (2) only
2) & (3) only

M19. . N

: (961 cnerey
. M14. An atom emits light of wavelengths 122 um and 103 nm when one of its electrons returns to its ground state from its first and ) ..‘1) :X

[89] second excited states, respectively. The length of light emitted when the electron passes from the second excited state to I3 , :
the first excited state is . :

A. 112nm.

B. 113qm.

C. 225pm.

D. 661om.

-4V

LI MIS. Ina collision between an clectron and an atom which leads to excitation of the atam without ionization, which of the below -
[90] statements is/are correct 7 :

(1) An orbital e) pes from the atiraction of the nuc)

i 126V — i

i

. A hypothetical atom has only four energy levels as represented above. It can change from any one level to any other. Which S
; of the following statements about this hypothetical atom is INCORRECT ? [
(2) An orbital clectron acquires energy. ‘

A. Ifthe atom i3 at the level ~4 eV, it can absorb a photon of energy 4 V.
W (3) The energy transferred appears later as electromagnetic radiation, . . - :
i k| A (1)only B. Ifthe atom is at the level —4 eV, it can emit a photon of energy 8 €V. {
& B. (3)only : : C. Ifthe atom is at the level —12 eV and collides with an electron of kinetic energy 10 &V, it can change to the level —4 6V,
g: g; z gg ﬁz . } 4 ]5.' If the atom is at the level ~12 eV and collides with two photons, each of energy 4 eY, it can change to the level ~ 4 eV.




M20. The trapsition of electrons between three energy levels in a particular atom gives rise to thres spectral lines. The shortest and

" [97] longest wavelengths of thoso spoctral lines are 4 and 4; respectively. The wavel gth of the other spectral line is
s At
2

B. 1,-4,
C' Allﬂ

A+ A,

11,
( P

Energy

s

The above diagram shows some energy levels (drawn to scale) of a certain atom. Transition X results in the emission of a
photon of wavelength 600 nm. Which transition (P to.S') would result in the emissior of a photon of wavelength 300 nm 7.

Unw»
PR ]

. When an cleciron in an atom falls from an oxcited state to the ground state, which of the following forms of radiation is not
emitted 7

A.  infrared

B. gamma-ray

C. ulira-violet

D. visible light

. The energy fevels of a certain atom arc as shown in the figure. Which

of the following may cause the excitation of an clectron at the Jowest Energy

energy level of the atom ?
(1) an electron with kinetic energy 3 E 0 A —
(2) 2photon with energy 2 E
(3) aphoton with energy 3 £

A. (1) only -4E

B. (3)only

C. () é&(2)only —6&

D. () &@)only

A ST,

P

M24. Which of the following electron transilions between. energy levels ina hydmg]pn atom will emit eleciromagnetic radiation of
[01] the highest frequency ? E-

A n=2twn=1

B. n=3 ton=2

C. n=4to n=3

D. n=4 to n=2

M25. A hydrogen stom absorbs a photon of wavelength & such that the electron in the ground state (cacrgy level corresponding to
[02} x=1)is broughtto an excited state (energy lovel corresponding to »=3). What is the maximum wavelength of a photon that
can cause jonization of a krydrogen atom in the pround state ?

A
B.
c 2
p. Ia

M26. The second line in the Lyma'n series (&orresponding to the K-shell) of the hydrogen spectrum has a wavelength of 102 nm.
[03] What is the wavelength of the first line in the series ? .

A 935pm ’

B. 12Imm

C. 136nm

D. 153mm

M27. The ionization energy far a hydrogen atom in ground state.is 13.6 eV. If the atom is in the first excited state, the enexgy for
[04] ionizing it should be

A. 342V,
B. 456V,
C. 63¢€V.
D. 102eV.
M28. n=4 ~16eV
[0s3 n=3 ~27eV
n=2 ~55eV
n=1 -104¢eV

The figure shows the possible energy levels of & mercary atom, A free electron with kinetic encrgy 8.4 eV collides with a
mercury stom, which is in its ground state. The change in kinetic energy of the mercury atom in the collision may be
neglected. What isfate the possible value(s) for the kinetic energy of the electron after collision ?

1) 07¢V

@) 29ev

(@) 356V

(1) only

2) only

(2) & (3) only

. (1) &B)only

oW




+ 4 M29. The figure shows the four lowest cacrgy levels of a hydrogen atom. It is

[08] known that the wavelength of visible light ranges from 400 nm to 700 nm
and the eneray of a yellow light photon (about 600 nm) is 2 eV, ¥
electrons having kinstic energy of 12.5 eV are used to bontbard a large
number of hydrogen atoms, how many spectral lines in the visible region
caa be obtained subsequently 7 2
A 0

—~0.85eV
—153eV

-34¢eV

~13.6eV

gop

1
2 1
. 3

fanl
'i

M30. The diagram shows the electron transitions within an excited aton.
«~~ {09] Light of wavelengths &;, 4, and A, are emitted, where &, > %, > .
Deduce the relationship between A, 4, and A,.
’ A Ap=dy 4Ry
Ay +Ag

energy levels
B. A=

Ao
A2 +A;

D. A=t
A+h,

c =

. o] ’ energy

i M Bl B A
h 4 A4 A 4 A 4
ground state

The diagram shows the energy levels available to the outer electron in an atom of a certain element drawn approximately to
- scale. 4;, A, Ay and A, denote the 1 pecti lengths of the emitted ph ding to the el

-4

' B trensitions indicated. Which line spectrum shown on a linear scals of wavelength isrcormct ?
‘ increasing wavelength

P

)

T |

TR
[

B. X

s
— 3
i 2

,.._.,_...
|

o
2
&
k-
—

<
b o]
]

M32.
fuy-

M33.
m

M34.
1]

[
An electron of negligible initial speed is accelerated through a p.d. of 12.0 V.| The clectron then undergoes inelastic collision. |

with & gaseous atom at its ground state, As a result, the electron Ioses all its'kinctic energy in the collision and the atom is it
excited to an energy level of —3.4 ¢V. Find the fonization potential of this atom. ) . .
A. 86V
B, 120V
C. 154V
D. 188V

energy ‘F—-—- n=3

T 1 "
P b
n=1
ground state

In 2 hydrogen atom, vihen the electron absorbs a photon of wavelength A, it can jurap from » = 1 state to n = 2 state. When
the electron absorbs 2 photon of wavelength A, it can jump from r = 1 state to n.=3 state. Ifthe electron changes from r>=3
state to #=2 state, what is the wavelengih of the photor emitted from the hydrogen atom ?

A Rp—2g .
B. M-X
c Mk
;'2_2’1
p. Mk
)'l_lz

f I

A

A

ground state

The figure shows three adjaceat energy lovels of a hydrogen atom. Electron transitions between these energy levels can emit
radiations of three different wavelengths, Two of them are of wavelengths A, end A, as shown, the wavelength of the third
one is

A M-l
B. M-
c. M
M-d,
. A
lz"}‘l
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5. [
’ Radius of the electron’s arbit in the first excited state is : . .
6. A 1. B 16. D 21. B 26. B 31. C : Ground state : 74
3
7. D 12. D 17. A 22. B 27. A 32. C i Rirst excited state : r,
8. ¢ 13. B 18. A 23, C 28. D 33. D : Second excited state : 73
9. C 14. D 19. D 24. A 29. B 4. C )
. s 2
10. D 15. D 20. D 25. A 30. D e
; A
- o)
n \3/ 9
For h)idrogcn?: E =-=—= 6. A
, ’ l ()] A tungsten-filament lamp is a common light source that emits continucus spectrum.
- E, = 13.6eV : .
: g v ©) ‘When the continuous spectrum passes through hydrogen gas, some photons are absorbed,
i Energy level ott the ground Ftate s Ep=—13.6eV ] thus a Jine ab'sorption spectrum is abtained.
Energy level of the first excited state s B, /. E, = —%;6- = ~3.4 eV ’ « ® The emission spectrum of hydrog sfs of dl bright lines on a dark background.
Dark lines on a bright background are the absorption line spectrum.
Excitation energy : AE = (—3.4) — (-13.6) = 10.2¢eV .
) 7. D
A ) : .
During acceleration of electron by potential ¥: $mv? = e V.
v [¢Y) The electren can use 2 E to excite the atom from (=6 E) to (-4 E). . . . . hoton of i,
After collision, the KE of the electron decreases, thus the collision is melastic. - The electron loses part of its kinetic energy that change to a photon of energy S,
pa 2 XL
* @ Although the photon can excite the atom and the photon is absorbed, ’ . gmvi=hf+ zm “ g
the collision carmot be called in¢lastic, as photon has-no mass, its energy is not KEB. , s oeV=hf+ _} o
x [€)] This photon cannot be absorbed to excite the atom. - TAZTT)
C .
AE=E - E,=hf=hE . _ ; 8. c
* g The minfurum energy to remove an electron from an. atom so that the atom becores fin jon js the ionization energy.
K i
1= _kKe ¢ ’ i
E,-E; . £
j' 9. [o} ) :
A ) ‘ Energy at the 2™ excited state = .._1;_;6 = ~3.4eV = (2)is comrect,
M Eﬂ ' '5 -
Forhydrogen: &, = - . i B atthe 3 excited state= 138 _ ~1.51eV & (1) is correct.
' L neTgy o
E; = ~]36eV
Fr= 13674 = =340V ' * . D
Ey = ~136/9 = —151¢V : E _ E
There is no difference of two energy levels that is equal to 4.53 €V, thus the photon would not be absorbed 5 —EZ—)T T4
and the hydrogen atom will not be excited to a bigher energy level. Take E.,= 0, £; corresponds to fevel IV,




- [-lﬁ _
63

D

136]
[——(-l-)z—] =12.1 eV

By AE = hf ~AET = T

Es, Es £y EyEy

I I [ 1]

B
* €3] Iodine vapour absorbs those frequencies which it emits, but it does not absorb other frequencies.
* @) Energy emitted = energy absorbed
v 3) The photon with the same frequency can excite the iodine atom, thus can be absorbed.
D .
ABy = AEyn + AEy
o de ke ke s A= 661nm
103 A1 122
D
* [$3] Since the atom undergoes excitation but not jonization, the electron can only excite but not escape.
v @ Excitation is the transition of electron from lower energy level to higher energy level,
thus energy is gained. '
v 3) After excitation, the atom undergoes radiation to emit electromagnetic waves.
D
4E-E=3E = he
2
3E-E=2E=25 . a=3112
A
4E-3E=E="1C S A= 34
4
A
v m Emission for C— 4 and B— 4 => A is the lowest energy level among the three
* @ ciat=EL ey E=h-%)
x 3 By conservation of energy,
he _ ke ke
AEyp = AE;c+ABcy s e _ae e ~ A = 3000 nm
A Te 500 600 A

[

20,

2L

22,

23,

(—%)=hf © E=2uf
(5)-E5)-or

); by L f1=019f

—~

wla
B

N

N

F
1

D | =

b

v A. Transition of electron from level —4 oV to level 0 &V.

v B. Transition of electron from level -4 eV to level ~12 V.
14 C. Absorbing 8 eV out of the 10 ¢V from the electron

=> transition of clectron of the atom from level —12 eV to level —4 eV

® D. Excitation of atom can only occur by absorption of one photon
No energy leyel corresponds to-8 €V = no transition of electron
= no absom'tion of photons of energy 4 eV

D -
As energy differenco between higher energy levels is smaller than that of lower energy levels, E,>E,;.

i - ke hc
AE=pLlal s Al = AE?t 5 By =l and By =il
257 _ =3, ==1.
-f
ke _he .
Ey=E,+E, -~ f=-}£+% -~ l=(1‘1——%)
B
E = h.-c— o _l_
i 2
%;-o_ = __ggg; % Ei = 2x(8) = 16 smallest division
"G00

- Emission of photon of 300 nm = energy difference = 16 smatlest division => o

B
y-rays : the radiation is emitted from the nucleus, not from the transition of electrons

v ) Inelastic collision occurs. The electron loses 2 and its kinetic energy becomes 1E.
The electron in the atom would then excite from the level — 6E to the level — 45

v [¢3] The photon has the exact energy to cause the electron to excite from the level — 65 to the level — 4E.

Thus, the photon would be absorbed.

T (&) The photon does not have energy exactly equal to the diffsrence of two energy levels.

Thus, the photon would not be absorbed and the electron would not be excited.




To emit electromagnetic radiation of the highest frequency,

the transition between 2 energy Jevels should be the greatest,
Since the difference of energy level between the E; and E, is greatest, it gives the highest frequency.

B
For hydmgen,. energy of the #th shell follows L E = _.%. .
n

Lyman series are emitted when the electron falls from higher energy level to the ground state of energy level E;

Sccond line of Lyman series: 2 _ ¢ Foy o Eoy_8
102 ¢ 9)( l) 9E°
First line of Lyman series : .’.'f.:-_ B0y _( B =3
7 ¢ 4)( 1) 4E.
ERE I 1}
102 3/4
S A = Dipm
A
Forhydrogen: E, =_£;
n
13.6

The first excited state is B, .- E, = o =—34 eV

Energy needed fot ionization = 0 — (-3.4) = 3.4V

(1) Second excitation energy = (-2.7) - (-10.4) = 7.7 6V
After inclastic collision and excited the atom to second excited state, KEof e = 84~7.7 = 0.7eV

x @ Loss of kinetic energy of e = 8.4-2.9 = 5.5 ¢V.
i ,i . However, there is no differenco of any two energy levels equal to 5.5 eV. Thus, it is not possible.
- v ()  Fistexcitation energy = (~5.5)—(~10.4) ~ 4.9 6V

After inelastic collision avd excited the atom to first excited state, KE of e = 8449 = 3.5¢V

i
¥

H
13
i
1
i

vt .

29,

30.

3L

32.

33.

34.

B

AEy; = (-1.53)~(-13.6) = 12.07 eV AE = (-0.85)— (~13.6) = 12.75¢V

Electrons of energy 12.5 eV can excite the hydrogen atoms to level 3 but not level 4.

The transition from level 3 back {0 level 2 can radiate a visible light photon, which belongs to Balmer series.

However, the transitions from level 3 to 1 or from level 2 to 1 radiate ultra-violet photons, which belong to Lyman series.

Only 1 spectral line in the visible region (Balmer series) can be obtained.

D
Let the energy of the three energy levels be Ej, £; and Es, where E; is the lowest energy fevel.

By AE =%f. »£3 — £, should give the shortest wavelenpth J; and E; — E, should give the Jongest wavelength 4;,

A B -E)=EG-E)+ (& -E)
. hc _he ke .1 1

S — s —— — G s

1
A A kK . A A & Aty

Cc .
2, has the greatest energy le'v_el difference, thus greatest energy of photon and greatest froquency and shortest wavelength.
SR < B <A .

As the difference of energy levels betweei 4 and 1, is smaller, 4, and 4, should be closer, thus answer is C.

]

Kinetic energy of the electron = 12eV

Excitation energy of the atom = 126V

Energy of the ground.slzte =(34) ~ 12 = -154¢V

B T

Tonization energy = 154 eV

Tonization potential = 154V

D <

AEy = AEp + BBy = BC < Be he i ?

A M .;

B e L P S 1. L

Ay A A L3 LS -3y ‘1'

c it
ABq = ABg + ABy - BE o ke e

LN i

L=l il ala Lol e My E‘

A, A, A PO P W M~y i

R T e




:‘_Use the following data wherever necessary :
Speed of light in vacuum

' “Charge of electron
Electron rest mass

:Planck constant

© Permittivity of free space

¢ =3.00%x10°ms™
e=160x107"C

m = 9.11x 10 kg
h=663x107s

&= 885X 102N mr?

* The following list of formulae may be found useful :

1) met 13.6
E, = --—;{*-:} =-T

.z Energy level equation for hydrogen atom
n’ (8K &,

Part A :

{12}

E--Bfy
o

(2) Explain the physical meaning of the negative sign of E. (1 mak)
(b) Stale TWO postulates of Bohr’s model of the hydrogen atom which are not “classical”. (2 marks)
() BHydrogen gas in ground siate is illuminated by en ultzaviolet light beam of wavelengths 102.8 nm and 100.0 pm." It'
is found that the 102.8 nm ultraviolet light is absorbed by the hydrogen gas while the 100.0 nm ultraviolet kight is
unaffected. :
() Calculate the energy of am ultraviolet light photon of wavelength 102.8 nm in V. What is the quantum number of
the hydrogen atom after absorbing such a photon ? (3 marks)
(i) Why does the 100.0 nm ultraviolet light pass through the hydrogen gas without absorption ? (1 mark)

(iif) Whea the excited hydrogen atom returns to its ground state, how many transitions are possible ? State which'one of
thesa transitions gives visible light and explain your answer.
Given : the energy of a visible light photon ranges from 1.7 eV to 3.2 V. (3 marks)

e

i
i

e peergs e

1
i
1
'

PartB:

The following questions marked with [ ] are the past HKAL questions. The number inside the brackets represents the year
of the examination.

Q2. The figure below represents the energy levels of a hypothetical hydrogen-like atom :

[84]
/ zero energy level
4
3 ———————
Diagram not to scale Energy

- 2

1
{a) Mark on the above figure the ground state of the atom, . (1 mark)
(b) Briefly explain what is meant by ‘the ground state ofthe atom’. (1 mark)
{c) Whatisthe signiﬁdnce of the zero energy level 7 (] mark)

(d) Durag the transition from level 3 to level 2 of the above atom, photons of wavelength 600 nm are emitted. Calculate ::.;

the ionization potential energy for the atom. (3 marks)

(¢) Determine the energy (in eV) carresponding to the levels 1,2 and 3. (3 marks)

TR A b




A glass tube contains mercury vapour at a low pressure. The diagram below shows the energy levels of a mercury atom.

BnergyineV 0.0

-1.6 —————

-3.7
Diagram NOT to scale
—5.5 ———
-104 Ground state
energy for mercury. . (2 marks)

{a) metheabove'gmph, timate the lowest

® Wt is the wavelength of the radiation emitted by the mercury atoms as they retum to their ground state from the first
excited state ? What kind of radiation does it belong to ? . (3 marks)

(¢) What wmfld you expect to happen to a photon of energy 9 ¢V when it collides with a mercury atom 7 Explain your
answer briefly. - (2 marks)

e

TP

H
]
|3
H
§

i
v
d

oY BN VRN ) 'Sle;/cml energy levels of a mercury atom arc shown in Figure 1. ‘.

[04]
Energy in eV

n=w 0
n=4 -1.57

= -3.71

Figure 1 n=3

n=2 =5.52
p=1 _1038 Diagram NOT to scale

In & finorescent tube, atoras in the mercumy vapour are excited to the first excited state from its gronnd state by the
bombardment of energetic electr: D ine the wavelength of the radiation emitted by the excited ercury
atom 2s it retarns 1o the ground state. In which part of the electromagnetic spectrum does this radiation belong
7 ) (4 marks)

(ii) The radietion in (a)(i) is then absorbed by the coating on the inner surface of the flnorescent tube. Figure 2 shows EE' '

some of the energy [evels of a coating atom.

Energy in eV
n=co 0
c - -2.66
Flgure2 B 381
A ~4.86
n=1 ~7.52 Diagram NOT to scale

(D Afer the absorption of the radiation in () (D), which energy levels, 4, B, or C, would the ground state coating
atom bo excited to 7 (1 mark)

(@) The excited coating atom retnms to the ground state through various intermediate states. State the TWO
transitions of the coafing atom that ewit visible light. (Given : The visible spectrum Tuns from 400 nm to
700 nm approximately. A photon of wavelength 400 nm has 3.11 ¢V of energy.) (3 marks)

arwere




Q4. (b) Fluorescence occurs when an electron of a fluorescent coating atom Is excited to an excited stats, the excited electron

wilt return to the ground state through various intermediate states and these transitions will emit photans,
The screen of a colour television set emits light of difforent colours also by fluorescence. On the inner surface of the

screen, there are threo kinds of coatings atran

tube of a television, three beams of electrons

ged as dots that emit red, grocn and blue light. Inside the cathode-ray

are accelerated to high speeds before they strike the somesponding coatings

and excite the coating atoms.
Energy meV Energy in eV
n=w (1] n=w 0
n=3 ——— 135
n=2 -2.31
n=3 -3.65
n=32 —4.89 n=1 -5.06
n=1 ~720
Atom X Atom ¥
Flgure 3

atom that corresponds to cach colour in

the following table.

AtomZ

() Figure 3 shows the energy levels of the coating atoms, namely atoms .Y, ¥ and Z. Write the name of the coating

(2 marks)

Colour of visible light emitted

Energy of emitted photon / eV

Name of coating atom

Red

180

Green

231

Blue

275

(i) The excitation energies of the three kinds of coating atoms are differen
sufficient amount of energy excite these coating atoms ? Explain briefly.

t. Can a single electron beam carrylng a
{2 marks)

(061

{
Q5. The table below shows the literature values of the wavelengths of the emission lines from a hydrogen discharge tube.

A (nm)
Red 656.3
Cyan 486.1
Blue 434.1
Violst 4102

The Figure below shows some of the allowed energy levels for hydrogen.

~
_—

0.00 eV

-0.35eV

-151ev

—3.40ev

—13.61 eV

One of the electron transitions gives rise to the violet line in the above figure.

(a) Find the energy value of the energy level from which the above transition sterts.

n=oo

n=7
n=6
n=35
n=4

n=3

Diagrem NOT
drawn to scale

(2 marks)

(b) Use an arrow to indicate this electron transition in the sbove figure,

Q6. In 1909, Rutherford collected some a-particles which then changed into

{10] atoms of a gas by receiving electrons from the surroundings. The gas was
trapped inside an evacuated tube with electrodes 4 and B as shown in the
Figure, Explain how Rutherford could prove that a-particles are actually

(3 marks)

helium nuclei by using this set-np.

(1 mak)




i ) -
* ‘ Q8. AnLED is made up of two differcnt semiconductor layers, namely p-type and n-fype. The LED emits a monochromatic light
’ of wavelength 683 nm. Assume that one photon is emitted when an eectron passes through the LED. The Figure below

ing questions are designed to give suppl I exercise for this chapter. shows the circuit for lighting up the LED. .
Q7. The following table lists some of the spectral lines of hydrogen spectrum from a discherge tube. }a
i
l Wavelength 2/ nm I 656.3 l 486.1 l 434.0 ’ 4102 J 364.6 |
() () Whichline corresponds tored light 7 : (1 merk) ' LED X
HE,
74_!
@ l?;e of the Jines cannot bo seen by naked eyes. Namo the region in the electromagnetic spectrum to whi(clh ‘m’k])ine (a) Ifthe curent in the LED is 8.0 mA, estimate the number of photons emitted by the LED per second. (2 marks)
ongs. mer]

(b) What activity within an atom gives riso to these emission fines 7 What is the physical significance of the spectrum that
consists of discrete lines ? (2 ruarks)

’

() The energy of each ixhomh emitted by the LED is 1.85 eV, Estimate the value of the Planck constant /. (2 marks)

(¢) In fact, the wavelengths of the emission lines satisfy the formula of the following series :

n 2
n* -4
() Show that the formula can be transformed into

b =Ko

A = (364.6 0m)

, where n = 3,4,5, ...

where frepresents the frequencies of the emission lines, 4 is the Planck constant and X is a constant. (1 mark)

(i) Find X in vnits of 6V.

State the physical significance of the sign and the magnitude of the term ﬁn inthe formulaof Af (4 marks) : i
n .

ST TR
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+1 QL () Negative value means that the electron is undsr attraction and cennot escaps from the atom. m Q2 (@) Levell : -149eV ‘ - .
OR Lovel2 : -149x 1 = _37ev Il
Negative value means that the electron I3 bounded by the atom and cannot es from the atom. 1
e o ° Y .a “apefrom fhe t Level3 : -149x % = -17eV [1]
i (®) The electron in a hydrogen atom can tevolve in certain orbits of definite energy without emitting radiation, m
; The angular momentum of the clectron is quentized, which is an integral wonltiplo of & certain value. i1
Q3. (2) AE; = (-5.5)-(-104) ' : 18]
he _ (663x10%)G6x10% 1 )
© @ E=nr=—=L = 12,09 8V [} =49eV <accept 7.84x 10> ]
=3 02.8x10%)  1.6x10°" A ccep!
E, = (-13.6) + (12.09) = ~151 &V o ® E=rhf _
8
BS. 15 sn=3 m & (49x16x107%)=6.63x10°% x3—"l-:9- ]
2
Quantum number of the hydrogen atom is 3. . S 4=250nm . o
G There is no differcnce of any two cnergy levels equal to the energy of the photon. [13 The radistion is ulu'a-vio.let. . i
(i) There are 3 possil;le transitions. - m (©) As there is no difference of any two energy levels comesponding to 9 ¢V, (11
“The transition from the second excited state to the first excited state gives tho visible light. m the photon will not be absorbéd. . : m
Since the encrgy of the photon in this tansition is given by ' <Blastic collision oceurs, !‘ﬂflilmf be accepted >
-, 136 _, 136, . :
AB = (-5 - 2D = 1o
which is within the range of visible light photon : 1
- @ @ O A= 1
. ' 6.63x10™).(3x10%)
& [(=5.52)—(-1038)]x(1.6x107%) = E53x107)-(3x107) 1}
Q. (@) _ I )—(-10.38)]x(1.6x107°) ) .
o) P & A =256x10"m ‘m
The radiation is ultra-violet. . {1
: (i) () Energy ofthe photon emitted by the Mercury atom = (-5.52) - (~10.38) = 4.86 eV
i After absorbing this photon, coating atom has eergy :
L etate E = (-752)+4.36 = ~2.66 ¢V
. . The atom is excited to level C. : m
(®) The condition in which the electron is in the Jowest encrgy stats available, 1yl ; ’
() Brergy of violet light = 3.11 eV o
{(c) The electron is free from the influence of the atom. (11 400 C
Energy of red light = 3.11 x 700 = 1.78eV S
. S
1 1 . 3x10* ; i
@ (57"_3?) = (663x107)x 600%10-° m Thus the encrgy difference between two lovels should be within fhe rangs of 1.78 6V to 3.11 6V, . 13} S
n o E, =239 103 . Ihi} Visible light is cmitted : i
i h :
i Yonization patentil enorgy = 2.39x1('£:' = 1490V . i 4 © . O fortanitionfromCtod;and [ :
: L6x10 @  for transition from 4 to ground state. . 1] :
. A4 ¥ =




QU ® 6

Colour of visible light emitted | Energy of emitted photon / eV Neme of coating atom
Red 1.80 Atom Z
Green 231 Atom X
Blue 2.75 Atom Y

(i) Yes, the energy of the electron beam can be the same.
The coating atom can absorb only part of the kinetic ensrgy of the incident electron.

Qs (@) pE=Z = 20T R L 485%107 T = 3.03eV

a (410.2x10™")
Energy lovel from which it starts = —~3.40 + 3.03 = - 0.37eV

®) .
0.00 eV\' /_n=oo
n=7
=
n=3
-0.85eV n=4. .

Diagram NOT
~1.51 eV n=3 drawn to scale
-340eV B n=2

~13.61eV n=1

Q6. When ahigh voltage is applicd across olectrodes 4 and B,
the gas atoms at low pressure would be excited by the fast bombarding electrons.
‘When thess excited gas atoms retwm to the ground state,
a characteristic emission line spectrum would be produced,
which is identical to that produced by the helium in the laboratory.

Q7 (@ () A=6563nm

(i) Itbelongs toultra-violet radiati

2]

[
fi1

m

m

(0]

m
3y

8]

n
i

Qw.

Q8.

!
. (b) Electrons transitions from a high energy level to a lower energy one within an excited atom.
Discrets lines show that energy levels in an atorh are djscrete.

1
364.6

2 .
1 x(%—“—):— 1 %
n

© @ 2=(364.6nm) Seds

1
2 3646
hp=he . _che 4[L._l]

n -
4

4
n ('"—3'1) ==

= —x
A 3646mm | n* 4

—6.626x107 x3x10° 1
364.6x107°

= ~13.6eV

@ K=

Negative value means the electron is under attraction force
and the magnitude is the energy of that level with respect to £

3.0x10°
1.6x107"°

= 5x10%

(2) No. of photons emitted per second =

he
®) E—T

(L85 x1.6x107%) = 1'.(3><]0')
6.88x1077

& h=679x10"Ts  <accept 6.71x 10 Js to 6.86x 10 Is> |

1

2

x4[——-—
n

1
4

d

1]
1]

i

(28]

18]

U}
{1

m
1

]

m

Soin Lt




2.4 Particles or Waves

: Speed of light in vacuum ¢=300x10°ms™ ;
Charge of electron e=160x107"C - o
"-; Electron rest mass T, = 911 %107 kg

Planck constant h=663x10"1s

The following list of formulae may be found useful :

de Broglie formula A== LR
m

LR ES

Part A:

The folfowing questions marked with {PP} are the Practice Paper questions of the new DSE Examination.

M. The de Broglie wavelength of a parﬁcl; atspeed vis A. If the speed of the particle is doubled, the de Broglie wavelength is
{PP} A. A/4 ’

B. A/2

C. A

D. 22

M2. A beam of electrons js incident on a thin flm of crystal. A pattern of bright and dark rings is observed on a flnorescent
{PP} screen. Which physical phenomenon explains the formation of the pattern ?

electron beam l‘:}

crystal

A.  Photeclectric effect
B. Electron diffraction
C. lonization of atorns
D. Lotus effect

PartB:

The following question marked with §{ } is the past DSE question. The number Iuside the bracket represents the year of the -
examination,

M3. Which of the following has the shortest de Broglie wavelength ?
{12} A. A 60kgpersonwalkingat0.8ms™.
B. Abird of mass 0.3 kg flyingat20 ms™.
C. Abasketball of mass 0.6 kg moving at 12 ms™.
‘D. A bullet of mass 0.05 kg moving at 300 m st




PartC:

The following questions are designed to give supplemental exer«ise for this chapter.

M4. Which of the following suggests that electrous can behave like waves ?

(1) Electron shows diffraction pattern. .
(2) When light is incident onto a metal surface, electrons are ejected.
(3) Electron beam is deflected by an electric field.

A (1) only

B. (1)&(2only

C. (D& B)only

D. )L,@&B)

MS5. An electron is accelerated from rest through a potential difference of 500 V. What is the final de Broglie wavelength of the

electron 7

A 44x10%m
B. 55%x10™M"m
C. 66x10M"m
‘D. 77x10"m

M6. Find the momentum of edch photon of light with wavelength 6.52 x 10° Tm.
A 10x107kgms!
B. 15x10%7kgms™
C. 20x107kgms™
D. 25x107kgms™

p . . " cles 7
M7. Which of the following suggests that light can behnv? like particles .

(1) Light shows interference pattern after passing through doubls slit.

(2) Light can emit electrons when it is incident onto a metal surl:ace. .

(3) Light trensmits through the space by the oscillation of electric and magnetic field.
Qonly

(2) only

(1) & (3) anly

2) & (3) enly

vnwy

M8. Which of the following phenomena can only be explained by the wave nature of light ?
(1) reflection
() diffraction
(3) interference

. (Donly -

(2) only

(1) & (3} only

{2) & (3) only

oW

M9. A moving football does not show the wave propetics because

(1) the momentum of the football is too large.
(2) the momentum of the football is too small.
(3) the de Broglic wavelength of the football is too long.
{4) ke de Brogl lengih of the football is too short.

A. (1) &(3)only

B. (1)& (4)only

C. ()& @3)only

D. (2)&{#)only

|

M10. Arrange the de Broglie lengths of the following particles in ascending ordc‘l'.

onmp

M11. Light of frequency 5 x 10 Hz

A,
B.
C.
D.

(1) = proton of kinetic energy 1000 eV
(2) aneutron of Kinetic energy 500 6V
(3) au electron of kinetic enorgy 500 eV
(ORI NE)]

0,3 @

2,1, )

ame

of photons of momentum
40x10"kgms*
37x 10 % kgms?
17x 10 % kgmst
11x107kgms™?

Mi12. The de Broglie wavelength of arifle bullet of mass 0.02 kg which is moving at a speed of 300 m s~ is

A,
B.
C.
D.

73%10%m
18x10%m
LI1x10%m
99%x10%m

MI3. The wave nature of electrons is suggmted by experiments on

Al
B.
C.
D.

line spectra of atoms

the production of X-rays

{he photoeleciric effect .

electron diffaction by 2 crystalline material

MI4. In 1923, de Broglie suggested that an electron of momentum p bas properties corresponding to a wave of wavelength A
Wlnch one of the following grapbs correctly shows the rclauonship betwecen L and p 7

M15. A beam of light of length A is totaily reflected at normal incid by a plane mirror. 'Ihemtensxty of the light is suc
that photons hit the snirror ata rate of . Given that the Planck constant is 4, the force exerted on the mirzor by this beam is

A
B.
C.
D.

L]

nki
nhlin
2nh
2nhi/d

MI6. If the de Broglie waves assaciated with each of the following particles axe to have the same wavelength, which particle must
bave the smallest velocity ? . :

A
B.
<.
D.

profon
alpha particle
electron

neutron




M17. What is the de Broglie wavelength of a particle of mass m and kinetic energy E?

il

Answers :
A, hI2mE i
1. B 6. A 11. D 16. B
B. Y2nE
I3 2. B 7. B 12. € 17. D
c % . A . D 13. D 18. C
E
" a. A 5. B 4. A
g ' 5. B 10. A 15. D
MIS. The intensity of a beam of monochromatic light is doubled. Which one of the following represents the correspopding change, Solution
if any, in the momentum of each photon of the radiation ?
A. increased fourfold : L B
B. doubled : 1 C oy
C. thesame o T By A = —% ,if vis doubled, 4 is halved.
D. halved mv

2. B .
The electron has wave proper-ﬁes with wavelength expressed by the de Broglie formula,
The ¢lectrons are diffracted by the crystal after they passes through the crystal to give the bright and dark rings.

3. A

By 4= L = A , the one with the greatest momentum p gives the shortest de Broglie wavelength.

p mv

Momentum of the person = 60 x 0.8 = 48kgms™

Momentum of the bird = 0.3 x20 = 6kgms™

Momenturn of the basketball = 0.6x 12 = 7.2kgms™

Momentum of the bullet = 0.05 x 800 = 40 kgms™

Since the person has the greatest momentum, it hes the shortest de Broglie wavelength.

4, A
4 ()] Diffraction is the evidence of wave property. %
x @ This is photoelectric effect, which js an evidence that light behaves like particles,

: . not electrons behave like waves.
i " % (3  Thisisthe particle nature of electrons.
b
L B
o
| The de Broglie wavelength of the electron is given by 4 = % = —ZInJ__h—:—7

sd= 6:63x1071 = 55% 10" m
V2x9.11x107 x1.60x107 500




10.

12

A

=34
p=to E8x107 L 10V kgms™
A (6.52%x107)

B

*® [¢3) This is the evidence that light behaves like waves.

v @ This is photoelectric effect, which is an evid that light beh like partic}
* 3 This is the propagation of el tic waves.

D

* ) Both particle and wave can show reflection.

v @) Only a wave can show diffraction.

v ®3) Only a wave caq show interference.

B

Since the mbgnenmm of a foothall is very large, by A=h/p,
the de Broglie wavelength is very short,

thus the waye bebaviour of diffraction and interference can hardly show.

A
Let the kinetic energy of the particle be E.
a=h=_k

)4 2mE

The neutron has less E than the proton, but their masses are similar,
thus the wavelength of the neutron is longer than the proton.

The electron has less mass than the neutron, but their kinetic energics are the same,
thus the wavelength of the electron is longer than the neutron.

The wavelength in ascending order (from short to long) is then (1), (2), (3)

D

2= 8- BX10) _ 6,07,
7 Gxi0h

- .
p=J = 60T g 10T kg
a (6x1077)

c
p = mv = (0.02) (300) = 6kgms

A= b 663107 oMy
P ®

14.

17

18.

D |
Diffraction can show the wave nature of electrons.

A

By de Broglie relationship: 4 = £
?

A and p are inversely proportional, thus the curve in option A is correct.

D
Momentum of each photon : p = k/4
Change of momentum after collision = p - (-p) = 2p

-Force = rate of change of momentum = rate of collision x change of momentum

=ax2p = nx2h/A=2nhi}

B

By A=h/pto have the same .waveleﬁgth, they must have the same momentum p or nv.
The particle that has the smallest velocity v sponds to the Jargest mass m.

Alpha particle has the largest mass among the four, thus it has the smallest velocity.

D
- 2 2 -
l',=~;—mv2=(';';) =EPE- s p= 2k
a=h-_&

p 2mE
c

‘The intensity of light only affects the number of photons transmitted per second.
As the m of photon depends on the wavelength or frequency of the light,
the momentum of photon should remain the same.




Use the following data whercver necessary :
Speed of light in vacuum

c=300x10°ms™

Charge of eleciron e = 160x107°C
Electron rest mass me = 9.11x 10 kg
Planck constant h=663%x10"7Ts

The following List of formulae may be found vseful :

de Broglie formula A== A
mv

LR E]

Part A:

The following quesfion marked with (SP} is the Sample Paper question of the new DSE Examination.

QL. An electron is accelerated from rest through a potential difference ¥ (in V). Show that its final de Broglie wavelength

{SP} A(innm)isgivenby 3 = 123 {2 marks)
N7
PartB:
The following question is designed to give supp tal exercise for this chapter.
Q2. The figure below shows the speed v of an jon against 1/4 where A is the de Broglie wavelength of the Jon.
v/10°ms™
A .
6
4
2
: L 7100
. 0 5 w15 204
(2) Find the slops of the graph, with suitable unit. ] ’ (2 marks)
(b) Determine the mass of the jon. (2 marks)

Q1. Afler accelcrated through thepd.: KE = eV
Relation between XE and momentum,

£ = gt = @ B
2m 2m

s p=2mxKE=2meV
The de Broglie wavelength of the electron is given by
a=h-_k
p JZmeI’
- 6.63%107
2x9.11x10' x1.60x 107" x ¥
- 123

v

Q2. (a) slopeofthe graph = ._@L)’dgj_
({7.5—0)><10f°

=236 %100 m?s™

(b) By deBroglic relationship,

p'=mv=_:_.l‘.. SoVE

¥l>
S

slope = R

t6x 10 = 66107
m

m=232x10%kg




2.5 Probing into nano scale

Use the following data wherever necessary :

Speed of light in vacuum ' ¢ =3.00x10°ms™
Charge of clectron e= 160x107"C
Electron rest mass m = 9.11x 10" kg
Planck constant h=663x10"7Ts

The following list of formulae may be found useful :

de Broglie formula A= h_ 1

p m
Rayleight criterion (resolving power) . 1-22'1
Part A:

The following question marked with {SP} is the Sample Paper question of the new DSE Examination.

-

Ml. Graphite is a cond t of the “delocalization” of electrons. Where are these delocalized electrons ?

{SP} A. formed on the surface of graphite
B. formed within the carbon layers of graphite
C. formedt ly within graphii

D. formedin 2 ‘sea’ of positive ions

PartB:

The following questions marked with {PP} are the Practice Paper questions of the new DSE Examination.

M2. Which of the following statements about different microscopes is/are correct ?

{PP} (1) The resolution of an optical microscope will increase if red light instead of blue light is used to illuminate the

specimen,

(2) A wansmission electron microscope (TEM) uses magnetic field to focus the ¢lectron beam.
(3) Only specimens that conduct electricity can be studied by a scanning tunnelling microscope (ST™M).

(1) only
(3) only
(1) & (2) only
(2) & (3) only

oW

M3. Which of the following are possible means by which nano particles could get into the human body ?

{PP} {1) The skin having direct contact with namo particles.
(2) Inhaling nano particles into the lungs while breathing.
(3) Ingesting food containing nano particles.

(1) & (2) only

(1) & (3) only

(2) &(3) enly

A, @ &3)

gowpy




M4.  Estimate the wavelength of electrons when they are 1 dinatr ission electron
{PP} of 76 kV.

2410 m

45x107m

14x10%m

9.6% 107 m

pe (TEM) with a voltage

goup

PartC:

The following questions marked with { } are the past DSE questions. The number inside the brackets represents the year
of the examination.

MS. Which of the following properties could explain Lotus effect 7
{12} A. water-atiractive property

B. water-repelling property

C. wave-particle duality of matter

D. high electrical conductivity

M6. If substance is reduced in size to become particles of about 10 pm large, which of the following properties of these particles
{12} would differ from those of the substance in bulk form ?

(1) optical

(2) mechanical
(3) electrical
(1) &(Q2) enly
Q1) & (3) only

- ()& (3) only
D. @&

oW

PartC:

The following questions are designed to give supplemental exercise for this chapter.

M7. Ina transmission electron mi ope, €l are accel dbyap ial difference of 50 kV. How many times is the
resolving power greater than that of an optical microscope viewing object with an average waveleagth of 550 nm ?
A 10
B. 10*
c 1
D. 10°

MB8. Which of the following is NOT a possible form of nano matexials 7
A. pano tubes
B. nano films
C. nano triangles

D. nano spheres

MS. Which of the following statements is/are correct ? '

M10. Nano materials have different properties compared with the large scale materials. Which of the following give(s) the correct

M12. Which of the following concerning the structure of Cgo moleculs isfare correct ?

M13. Which of the following is NOT a type of clectron gicroscope 7

M14. Which of the following is NOT the component of a STM ?

(1) Nanomaterial refers to materials having the size of exactly 1 nm,

(2) Nanotechnology can be started after the el have been & d.

(3) The scale of nano is closc to the atomic size.

(1) only

@) only o
&)y 3

(2) & (3) only A

3

Dow»

reason 7
(1) Innano scals, the area to volume ratio largely increases.
(2) Innano scale, the de Broglie length of matter b more significant. :
. (3) Innano scale, the atoms would become smaller. .
(1) only
(3) only
(1) & (2) only
(2) & (3) only

pows

M11. The pupil of 2 humen eye has a diameter of about 4.8 mm. If the eye is viewing a red object having a wavelength of 700 nm, .

what is the angular resolution of the eye ?
A, 178x10%rad
B. 242x10%rad
C. 3.76x 107 rad
D. 4.94x10™rad

(1) Ithas 60 vertices.

(2) Hthas 90 edges.
(3) Ithas32 faces.
(1) & (2) only

(1) & (3) only

(2) & (3) only

1, @&0)

vowy

A. TEM
B. TSM
C. SEM
D, ST™M

A. piezoelectric controlled

B. distance control and scanning it
C. electromagnetic lens system

D. vibration isolation system




4
]
:

MIS5. A typical TEM consists of 4 components :

(2) Electromagnetic lens system

" (b) Imaging system

List the 4 components in order that the clectron beam would pass through.

A
B.
C.
D.

(c) Electron source
(d) Sample holder

@), ®), (), (@
©), (@), (@), ®)
© (D, @), ®)
), (2. ©), (@)

M16. What is the characteristics of the surface of a Lotus leaf?

vowER

(1) No dirt can be found on the leafl
{2) No water can be found on the leaf.
(3) Water droplet can roll off the leaf easily.

(only

(3) only

1) & (2) only
2) & (3) only

Answers

1. B 6. D 11. A 16. B
2. D 7. C 12.°D

3. D 8. C 13. B

4., B 9. D 4. C

5. B 10. C 15. B

Solution

1. B

The free mobile delocalized electrons exist between layers of graphite.

D

x . () As the wavelength of red Jight is increased,
" the angular separation 6 is increased by the Rayleigh Criterion: 8 =122 A/ D.
Thus the resolving power of red light is decreased, as smaller @ gives greater resolving power.

v @ The electron beam is focused by the magnetic field of the electromagnets in a TEM.

v 3) Since a voltage is applied across the specimen and the scanning tip to give the fine beam of electrons,
the specimen should conduct electricity.

D

v [4)) Nano particles are so tiny that they enter the human body through the skin.

v ) ‘While breathing, the nano particles may move together with the zir to enter the lungs.

v 3) The nano particles may enter the blood vessels through the digestive canal of the human body.

B

2
By eV = %mvz= .Zp;

np= 2meV = JZ(9.11x10"‘)(1.6x10"’)(76xm’) = 1488 x 10 kgms™

34
De Broglie wavelength: 4 = 2 = 663x107 4510 m
7 1488x10%

B
The Lotus Jeaf has a super-hydrophobic surface, which is water-repelling,
so that water would not wet the leaf surface but forms droplets.

. D

In pano scale, the substance would bave different optical, mechanical and electrical properties.




10.

11

14.

[

By eV = imv = 2
. 2m

~p = J2meV = 200.11x107Y(16x107)(50x10°) = 1.21 x 1072 kg m s~

y 14
De Broglie wavelength : 4 = 5 = 863x107 _ 545 102y
P 121x10%

By Rayleigh criterion, resolving power: 8 = 122 2 - ge2
D

"
. Number of times that the resolving power is greater = _590%10” _ ;63

5.49x107?
C
The form of nano triangles does not exist.
D
x 1) Nanomaterials refor to materials with sizes about 1 nm to 100 am. .
v ) After the electron microscopes have been invented, the material in nano scale can then be viewed.
v @) The size of atom is of the order of 10™° m, which is close to the nano scale.
C
v o Much more atoms are at the surface in nano scale.
v Q) The effect of matter wave would be more significant.
x ) Size of atom would not change.
A

-9
6=122% = 122 700107 _ ) o5 107 rad
D 28107

D

v ) Each atom form a vertex, thus 60 atoms form 60 vertices.

v [#3] Each atom is connceted to 3 other atoms, thus the number of edges =60 x 3/2 =90
v

3) By Euler's formula : F+ V— E = 2, the number of faces Fis 32.

There is no microscope called TSM.

[
/A STM docs not contaiu electromagnetic lens system.

B
Electron beam passes through : electron source, ¢lectromagnetic lens system, sample holder, imaging system.

i
3

16.

)
@
@)

Dirt may be found on a Lotus leaf, but it may be washed away by water droplets if there is rainfall.
Water droplets may be found on the Lotus leaf,
Since the leaf surface is water repelling, the water droplet can roll of easily.




Use the following data wherever necessary :

Speed of light in vacuum ¢ =300x10"ms™

Charge of electron e= 1.60x107°C

Electron rest mass me = 9.11 x 10 kg

Planck constant h=663x10%71s
(S
=N The following list of formulae may be found useful :
de Broglie formula A= L
. r my
Rayleight criterion (resolving power) g = 1_%21

Remark : The follewing question marked with {SP} is the Sample Paper question of the new DSE Examination.

.~ Ql. (@) Anel is . from rest through a potential difference ¥ (in V). Show that its final de Broglie wavelength
1

{SP}  A(mmm)isgivenby z = 123, {2 marks)
N7
(b) Inatransmission electron microscope (TEM), electrons are accelerated by a potential difference of S0KV.
(1) Estimate the final de Broglie wavelength of the electrons. . (1 mark)

bty (i) Describe how the electrons are focused in the TEM and explain how the image of the sample is formed. (3 marks)

(ili) Suggest ONE method to increase the resolving power of the TEM. Explain. (2 marks)

{c) State ONE daily life application of haology and discuss any potential health risks associated with it. (2 macks)

i
i
i
3

Q.

@

®)

®

RE=c¢eV
The de Brogli !

h of the ek is given by

2me¥V

- 6.63x107
J2x9.11x 107 x1.60x 107 x¥
_ 123

3

() De Broglie wavelength :

a=th-
P

a=_12 - 00055mm
50x10°

(i

f=]

The electron beam is focused onto the sample by the magnetic field of the condenser lens.

The transmitted beam through the sample is then projected by the objective and projector lenses
onto an imaging device.

Due to the different degree of transmission of electrons at different regions of the sample,
the details of the sample can be displayed by the imaging device
according to the information carried by the transmitted beam.

(iii) The resolving power can be increased by increasing the accelerating voltage ¥ so that
the wavelength 2 of the electrons can be further decreased so as to minimize the effects of diffraction.
<QR>

The resolving power can be increased by increasing the accelerating voltage ¥'so that
the wavelength A of the electrons can be further decreased,

and by Rayleigh criterion, the minimum angular separation angle can be further reduced.
Any ONE of the following OR other reasonable answers :
% Nanoparticles used in cosmetic products to improve cleaning effect on our skin.
% A thin layer of nano paint containing nanoparticles possesses aati-bacterial and detoxicating abilities.

‘These nanoparticles are so small that they may enter our body through the skin.
Their long-term effects on human body are not known, and may pose threat to our health,

< Accept other reasonable answers. >
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