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@-L '\l C E Answer all questions in this section.

N . S
S volume of gos mae et

O’F con 'U\a'he(

. |I| A number of assumptions are made when explaining the behaviour of a gas using
the molecular kinetic theory model.

State one assumption about the size of molecules.
[1 mark]

Volume of the qoas Mo l€cules
'S /hu,cla Sma”er "H'lgn the Vo,ume ex

:I'Le Centoriner.

Figure 1 shows how the pressure changes with volume for a fixed mass of an
ideal gas.

At A the temperature of the gas is 27 °C. The gas then undergoes two changes,
one from A to B and then one from B to C.
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Figure 2 shows two magnets, supported on a yoke, placed on an electronic
balance. f ' {
Fioure 2 8ok€ 'S APLY h9
igure QX‘}Y&\ orcé +o
magnets copper wire owhwan,(g On
e balance
yoke

an qA OP/O SI‘I’Q 5,ofceu

switch \,\j.f ~_ {yu,(g‘]
A

&eej.o-"tel

Sihee

v+

oke leels esucr

re
The magnets produce a uniform horizontal magnetic field in the region between '
them. A copper wire DE is connected in the circuit shown in Figure 2 and is
clamped horizontally at right angles to the magnetic field.
Figure 3 shows a simplified plan view of the copper wire and magnets. | ng’.."‘lqa-.‘
&lemm\g rule:

Figure 3 ':“‘g W
C
A\ > Mo\ah( \

copper wire

\D > Cuorqa "'

S (wr€4+ plan view
_____________ S~ g E;CcL‘ F‘Of‘-c

"~ uniform magnetic field

E
magnets

When the apparatus is assembled with the switch open, the reading on the
electronic balance is set to 0.000 g. This reading changes to a positive value
when the switch is closed.
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[of2].[1]

Which of the following correctly describes the direction of the force acting on the
wire DE due to the magnetic field when the switch is closed?

Tick (v') the correct box.

[o]2].[2]

Label the poles of the magnets by putting N or S on each of the two dashed lines
in Figure 3.

> Leagt nsde 11 marg
[3] Define the tesla E= B—[ LN Mmagnet ﬁ"f"“"
| Nz [ TxlAxIm  deastty-

!_r 'S ‘H‘le Magne+l'c ;Y-’u)‘ o‘eﬂS”’\uJ\ ¢
‘N'L'r(_'L & lure of (ean , 'h

v (4

|A '
experienceS o |
; { J
(S perPenJ-'(:ulﬁf +o e ,54'2 lod .
. El The magnets are 5.00 cm long. When the current in the wire is 3.43 A the reading
) CEeN on the electronic balance is 0.620 g. r (,',.J.'ped-‘&) ~

O a C UN‘en+

BLisnb

&nale

=

vCe of “\I’, wl\g,. 'H«e Cuore.n‘l"

[1 mark]
towards the left magnet in Figure 3 y
gnerin e go ke (oushd
Q
towards the right magnet in Figure 3 OMW&\(CA—- /
b \‘j NEM"'O“ )
vertically up \/ M Lak/
4
{,\,,' re (S Pq’,e(j
vertically down O(P e f‘a‘ S _

(ot

gr&,;?eld Assume the field is uniform and is zero beyond the length of the magnets. 9 =M i;‘:;”;;
81, ha’ oo: ' Calculate the magnetic flux density between the magnets. (2 marks]
F=RLLsnG, ©=70°sin& = | dome
FE=BI) Corce receved balonce ( S{;’ﬁe
B < i (:=O'6ZC)X|O-—$X°1-81 'm..-'r{
TL . 3 oy nh’{uok)
G -6€20X10 ¥9.81 97D !
B= 3 4gTx0-06~ 22~ —
magnetic flux density = (3 <} 3 §§\/ T C’, - ;5\\

035 444 ), ..
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n A cyclotron has two D-shaped regions where the magnetic flux density is constant.
The D-shaped regions are separated by a small gap.
An alternating electric field between the D-shaped regions accelerates charged
particles. The magnetic field causes the charged particles to follow a circular path.

Figure 4 shows the path followed by a proton that starts from O.

e
. FluX
Figure 4 Cucret < —~
path of proton \L

Faﬂ.*@ .

magnetic field
into the page

box
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n . |I| Explain why it is not possible for the magnetic field to alter the speed of a proton

while it is in one of the D-shaped regions.
[1 mark]
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. EI Derive an expression to show that the time taken by a proton to travel round one
semi-circular path is independent of the radius of the path.
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—_—
n El The maximum radius of the path followed by the proton is 0.55 m and the
magnetic flux density of the uniform field is 0.44 T.

Calculate the maximum speed of a proton when it leaves the cyclotron.
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The core of a thermal nuclear reactor contains a number of components that are
exposed to moving neutrons.

State what happens to a neutron that is incident on the moderator.

[1 mark]
.
e neuten collides vith afoms th the
moederatee o, (eses speedf .
State what happens to a neutron that is incident on a control rod.
[1 mark]

The neutien (s absrbedl .

A slow-moving neutron is in collision with a nucleus of an atom of the fuel which
causes fission.

Describe what happens in the process.
[3 marks]
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box

. El A thermal nuclear reactor produces radioactive waste.

State the source of this waste and discuss some of the problems faced in dealing
with the waste at various stages of its treatment.

Your answer should include:

¢ the main source of the most dangerous waste
¢ a brief outline of how waste is treated

¢ problems faced in dealing with the waste, with suggestions for overcoming
these problems.
[6 marks]
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A nucleus of iron Fe-59 decays into a stable nucleus of cobalt Co-59. It decays
by B emission followed by the emission of y-radiation as the Co-59 nucleus

de-excites into its ground state.

The total energy released when the Fe-59 nucleus decays is 2.52 x 10" *J.

The Fe-59 nucleus can decay to one of three excited states of the cobalt-59 .
nucleus as shown in Figure 5. The energies of the excited states are shown d}e .,&

) e’\/"'

-G

‘goxlo & NE

relative to the ground state. <4 cq X~0 — 06—
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Calculate the maximum possible kinetic energy, in MeV, of the B particle wa lea,{i;)
emitted when the Fe-59 nucleus decays into an excited state that has energy
above the ground state.
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[o]5].[3]

Following the production of excited states of 32 Co, y-radiation of discrete
wavelengths is emitted.

State the maximum number of discrete wavelengths that could be emitted.
[1 mark]

maximum number = 6

Calculate the longest wavelength of the emitted y-radiation.
C = h\c— (_onaeg«" Lonelensgth
> D lawest energy -

Smaues)f e.nef&js Aiceerence 'S

Lg\;ei S o 2.
betee” 3 -13

Theregare F=2-29 10 +~ 206 %10

[3 marks]

= he = =%
£ P — O .23 X0ty
_ §-6#9573... x10 ‘

longest wavelength = B-£€ X \Q‘-'Z \A 9
(3s.¢ )

Turn over »
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16 mass'VC
ob)ect

. |I| State what is represented by gravitational field lines.
[1 mark]

van+a+|oml -(’-'Eld lmes mpresen'f '”vi O(lfacﬁcr\

and relatne 8121 o:_ ‘ﬂ:e m\r?e acl-lnq Lpen &
oLJEcl- wl"ll mass m a vavl'o.'hdnal £eled.

. El Figure 6 shows the gravitational field above a small horizontal region on the
surface of the Earth.

50th a3 [2 marks]
K% Sinece cleld  lhes at k are

N Fy> closer ‘Féqe‘fhe/* fhe .s.ue'a( /S 5’"@4“‘

TP he the madeal ot K has o
I

. A ball travelling at constant speed passes position J moving towards position K in

A
34_ Figure 6.
c
speed o
— Assume friction is negligible.
V4 Explain any change in the speed of the ball as it approaches K.

\,J = /\) [2 marks]

1l f
ollo lin n

N Lh:g_gr den Sn‘rl‘sﬂ-a» the WAJ.G Mcqlenz' .

K the The ball acce(em?‘ej/ end  jnorerses

(l e’XfCh'Ma (','S 3P2¢0( Sihee ﬂ'e’e 'S o Cowoonen"'

i ;ome. oL ﬂ»e 3 mw/a?‘fana/ fore aﬂ.’lllr\q to
C——ma) e ﬁbl’d‘ \;/

Do not write
outside the

lines

S
S'Jpz

e

Figure 6
r
w Se( G\ e ‘ J
Une S =2 S’)T*srgr
gravitational
field lines e P
D Sou rce of ,
.\‘ .""j surface of the Earth (|K ‘hom
I . (Aesse_ {Mser S-QIcL \ S eSS
éns (me )
i4adi M€ mos S
va' J’Q‘hWISuggest why the field lines converge over a small area at K.

»
—

Res of Kk vertically baleanceat,

Unbaloncel perce J-e) r‘-dL-’}
I
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. El Figure 7 shows lines of force for the electric field surrounding two charged objects

L and M.
erer;-[L{hc‘:MA e b;g:r(e7+o he (QF}' G’NAV\(b al7rexc "J
| 7/ S :
%;;’imgn'(al abeut | [Lrbe, al' Onlg .

Y‘l'alv" ary 'fJ J 7( /;547;

to U' | e ri ¢
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WL : whee |,
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.sl\°|-) 3r&o"¢n"‘ a5 po,e"#"/f Con3 "a n¥

Explain why the lines of force shown in Figure 7 cannot represent a gravitational
field.
[1 mark]

Lies  op grovdatioral pore must abiays
( v .
'po;M- (nfo OEJMJS;\/Q o{)}ecj'

. State which object L or M has a charge with the greater magnitude.

ok
E e 4 agcf Maoru',‘ué(e d”g‘ object L
\ ) re‘,ér P S‘OfCC of Iafaef Metyn'fa.o(e,

d‘ ¢ 'H”' State which object L or M has a positive charge.

we — fegel ohh ve
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Do not write
outside the
box

. |I| Derive an expression to show that for satellites in a circular orbit
"o’

where T is the period of orbit and 7 is the radius of the orbit.

r [2 marks]
5445” +€5 %"bl" Ulno(éf Jf‘o\w”al‘aam’
mM
joree = B Elinimie
le'culc( crL]}‘S - CCni‘npc}a' f.cf‘cd F,
r mvz  get
2?1‘("7 cxbp °f \ +
TVE T 5 tme taker epn 3
te o 2 6‘/\/\ [helveliq,
g covitetioa IG"( Mz / \Z:L(T
:FchC r? 2hr /\ (Z?"r :GM
Clrcalac matien V= " T f"-,/
dert
2 L ,r Zy S C’”sa Nz
A Ts(GM
> TR (e s

- El Pluto is a dwarf planet. The mean orbital radius of Pluto around the Sun is
5.91 x 10° km compared to a mean orbital radius of 1.50 x 10® km for the Earth.

Calculate in years the orbital period of Pluto.

2 L’.'Kz <3 [2 marks]
\‘_,2 oC r23 1T = Z—Tv\—)r >
@ B*r'H'; \'_Z _ _ﬂ f‘eg \) O(C“l\"' Know
- c e 6-/\’\2 ‘H\& eSS Of
° Plub"Tz _ k3 SW‘ 2
pGmf ( (3)
2 LT 3 x Y
vV,
> Tez_ éz £ (7%\ X “3
? - ?3 o P ( 7 50:1-?
o) _ [ T' s 2u0-%---Y”°
P = \/
-‘—r—; e orbital period of Pluto = 2 47 yr (33 ;)
Te
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- - A small mass released from rest just above the surface of Pluto has an

0\- acceleration of ()&317 gn s) s

Assume Pluto has no atmosphere that could provide any resistance to motion.

Calculate the mass of Pluto. /V\ (na’ Al ( res:S

Give your answer to an appropriate number of significant figures.
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. El Figure 8 shows the variation in gravitational potential with distance from the centre
of Pluto for points at and above its surface.

Figure 8
distance from centre of Pluto / 106 m
cuah
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A meteorite#hits Pluto and ejects a lump of ice from the surface that travels
vertically at an initial speed of 1400 m s

Determine whether this lump of ice can escape from Pluto.
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Section B
Each of Questions 8 to 32 is followed by four responses, A, B, C and D.

For each question select the best response.

Gﬂy one answer per question is allowed. \

For each answer completely fill in the circle alongside the appropriate answer.

CORRECT METHOD E WRONG METHODS ‘ ® H ® H QH @b ‘
If you want to change your answer you must cross out your original answer as shown. g

If you wish to return to an answer previously crossed out, ring the answer you now wish to

select as shown. @
You may do your working in the/b.lank space aroun'd each question but this \7‘ill not be marked.
f ’
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A continuous stream of water falls through a vertical distance of 100 m. ZLL
Assume no thermal energy is transferred to the surroundings.
The specific heat capacity of water is 4200 J kgf1 K.

What is the temperature difference of the water between the top and bottom of the

waterfall? Gmwfl'aﬂoﬂ o«( (ooq»e,..h’a | e2/9Y 1 mark]
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A student measures the power of a microwave oven. He places 200 g of water at 23 °C
into the microwave and heats it on full power for 1 mjnute. When he removes it, the
temperature of the water is 79 °C. 9‘_ 70' +277%3 - CZ 3 422‘2)
The specific heat capacity of water is 4200 J kg ' K. €
What is the average rate at which thermal energy is gained by the water?
E' [1 mark]
P= T E =mc MO
A 780W / I —kq [ =]
-3
B 840W EZZCOXIO xU42 0O (=]
C L1kW x(7°( ‘23) [=]
-3
X & [P
b 4skw - 200Xl Thu200XSE o
%< Q0O
|xé0 0=73%L
D mihutes —> S
The composmon of a carbon dioxide (CO,) molecule is one atom of 6C and two atoms
of '30. Mass of on€ (O, = |2 4 23 16 e
What is the number of molecules of CO, in 2.2 kg of the gas? C)
1 Kk
Noumber o molecles [ marid
A 1.0x102 —  total mess (=]
B 3.0x10% MaSS of cne molecules [=]
c  30x10% = 2 z —
G Ry «)-661x 10
D 4.7x10” (=]
(A9
3-010... %10
= 3- QX 1025
What is the total internal energy of 2.4 mol of an ideal gas which has a temperature of
15 °C? ,
_ro“‘al m“‘e-f‘na ‘ rs .'Sr 5>AM [1 mark]
“andm o(lS"f‘!Lu{'e k.neﬁ(_ -+
A 60x102] Pol’&j tal enerd1€S (=]
B 14x107) Avense f"%y of e o] E'Te Fal
as rticle Xpumber @ _
45x 1077 2 Hele Fa 'f‘E = 8¢lf- |& )
as portic S T Tetr (\’86'(‘03
‘D 8.6x10°) rhtemal energy - (=] ~
- (aterachions  betveen particles are negliyible

C_X(.epi' Auf‘"‘J co”|SICMS ) ol'-enhal enag«:)
kme{‘ﬁc

Onl '
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EIZl Charon is a moon of Pluto that has a mass equal to 5 that of Pluto. QJ:S’U"CC -
The distance between the centre of Pluto and the centre of Charon is d. Ce""’e og Cl«qran
X is the point at which the resultant gravitational field due to Pluto and Charon is zero.
not to scale
'S ¢ ok-r
— 5
=) 0= m,,('_m'.:
9e-rr
K ') \
Pluto Charon & <—— o &
1 @) rz 5
rz Pt q (Ol d ) )
What is the distance of X from the centre of Pluto?
[1 mark]
5 r=13 (A-r)
A -4
5 either
B 2 p =] +i rz23d-3¢
3 Yr=2A
3 rz 34
C 7 d El — /
-0z qd +37
8
D 54 (=] - 2r<=-3d
r =34 X
Y-
IIE' The distance between the Sun and Mars varies from 2.1 x 10" m to 2.5 x 10"' m
When Mars is closest to the Sun, the force of gravitational attraction between them is F.
What is the force of gravitational attraction between them when they are furthest apart?
[1 mark]
M GMm A MLy 1
- 2 Mal
A 0.71F r [=] F=
S 2 "
B 0.84F A0 messe “ (=]
. ( &
Coce  anok oAishree 1
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[115]

Two parallel metal plates of separation a carry equal and opposite charges.
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A particle of mass m and charge g is accelerated through a potential difference J over a
distance d.

What is the average acceleration of the particle?

v F:mcg y E'—’—%
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v :;\—/ only, for&L
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p ¥ )—%(L/zmox

a= %5

n An electron moves through a distance of 0.10 m parallel to the field lines of a uniform
electric field of strength 2.0 kN C".

[1 mark]

ol [} L) [v

What is the work done on the electron? _ V:?K C’(C’/"'e
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A parallel-plate capacitor is fully charged and then disconnected from the power supply.
A dielectric is then inserted between the plates.

Which row correctly identifies the charge on the plates_and the electric field strength ra€ .
between the plates? C A Chorg<:
1 ’
Drelednchas (ager €T 1 V<EX Hmad - &
£ €A of al
C: o Charge Electric field strength -l
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S
gled' r" (& D Stays the same V4 Decreases N / 1‘0 f‘QMa:"

e\ 's " 1 T -
‘hné.r ‘Samf amauwnt of dearge! QA= CV, § &7, C bt @ st s vihi -

A capacitor of capacitance C has a charge of O stored on the plates. The potential
difference between the plates is doubled.

What is the change in the energy stored by the capacitor?
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Do not write
outside the
box

A capacitor consists of two parallel square plates of side / separated by distance d.
The capacitance of the arrangement is C.

L
What is the capacitance of a capacitor with square plates of side 2/ separated by a \_
distance g? £°g A 3&“““ P“"e" of
C = A Z e JQ C, [1 mark]
¢ 5. A=
A C = (=]
,& _20*?
B 2 Ahe & ir"""l- (=]
Cheu " = /
C 4C (é C z [=]
P
D 8C -
qu,_; = S’ 2,0_2"_(" 8C
5 8
A capacitor of capacitance 120 pF is charged and then discharged through a 20 kQ'e
resistor.
._|-
What fraction of the original charge remains on the capacitor 4.8 s after the discharge
begins?
4 4 - [1 mark]
) schorgine
A 014 D "9 a't =
' Q z B - RC
B 037 \ (=]
Coibial
C 0.3 oy [=]
. +
D 086 -r [=]
_G_Z_ < LC > kD LL
Z\Qo [% -6
= < 1O
g.mdv’m AC = 20 x\0 = (20 "
CLQ‘I‘)Q
JL«F-) F
PC 2-4g
+_wR QR _ -t
.- 2% Z = Go <
Re - 0-1353 .
2 g

2 8
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box
~N A
EIZ' A coil with 20 circular turns each of diameter 60 mm is placed in a uniform magnetic field
of flux density 90 mT.
Initially the plane of the coil is perpendicular to the magnetic field lines as shown in L z
Figure X.
(‘7A§ ~ng)
o ( .rt]C) Figure X Figure Y E-—
_ N
rq-,k 2 > > A(q’¢—2~.c5\"
) AN
X 2 2 m—m2 / e «-76 L #
GO 2 p;m ’4 ’ #ﬁ ek [ Tstort
> ) —")
X (2 lo B BT ot -Fohyet
Mm—m D
- .
»at
The coil is rotated about a vertical axis by 90° in a time of 0.20 s so that its plane ¢"-‘- BA cos®
becomes parallel to the field lines as shown in Figure Y. +
Assume that the rate of change of flux linkage remains constant. 8 betiLeen
novwe~ | "O arkea
Whatis the emf induced in the cgjl? on ok ov\a/\ leex ahensids
o ark]
ces®=! —) co3b=O
A zero < &A =0 [=]
ds fork dc-. 4 T —>
B 13mV (- |)x-na€"x|¢,3)x‘rozoo S o]
¢ xmy &= 20%
-2
D 100mV g < — o-ozg‘l-# _s—2§m\/
- )
Pagn. "‘4-‘4 o; & ‘Z.SMV
E@ The mean power dissipated in a resistor is 47.5 uW when the root mean square (rms)
voltage across the resistor is 150 mV. -4
T = |0
What is the peak current in the resistor? .Lo L - 783..- A
<l [1 mark]
P QeSS ale h/\
A 23x10%A = Lons rm$ (=]
Pe“ ¥
B 45x107A T = Lo~ e
mS <
3 §z
C 23x10°A [=]
D 45x10°A Pa Lo xv [=] s W=
rm3 ~
&z c <

2 9

urn OV

—n,
T = 32F % <34
o

an-s SO x q ZL) m'\/—-a\/
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The National Grid is used to transfer electricat energy from power stations to AWS@S -

consumers. It 5 @ I_ p

What conditions for the transmission voltage and the transmission current give the most (:

efficient transfer of energy through the National Grid?
[1 mark]
Transmission voltage Transmission current
A High v High x| [=]
B High v Low S
X Low S High (=]
)- 4 Low X Low E
N

A mains transformer has a primary coil of 2500 turns and a secondary coil of 130 turns. N

The primary coil is connected to a mains supply where Vs is 230 V. ,

The secondary coil is connected to a lamp of resistance 6.0 Q. P~ P ma’Y)

The transformer is 100% efficient. /e § — S€cenehory
.

gﬁcgn'l .03 [1 mark]
ol -
= (om

What is the peak power dissipated in the lamp?

ilso
7e.1'.s
svaller

o
v

S

A 12W Ne Vo, s >
B 24W NS Vg',,.._; N E VP' o a\/f,_r:s)
C 48W VS'MS = VP/MS X__§ e V&, s
Vi« — 130 Np Vs,rms= V.s,o
5rwms T 230 s - ”9
D 9%W , 250° 2% (=] N
_y-ﬂ-:-z-vz'msg“sz’x”'qél \k oz V.
ﬁ"“k:I"z-’Vo,S“ R R T = Ve (> T s 3082 Gurs
Vo,.s T Io,sk-) do,5= '2‘ l'("7 N T
The Rutherford scattering experiment led to
[1 mark]
A the discovery of the electron. E /:.,,{;h ',; ace
B  the quark model of hadrons. ""'h-' pdgs;i\f
Ne '€
C the discovery of the nucleus. El cen .'~
oL =) C
D  evidence for wave-particle duality. e T >
— (-4 / — Mot P”"'I'C. leg
Ln ‘“‘.'.""P_, <0 ~— []=1° . ore. und g{gfec}e.x
Swrttering: — Some pacticles Agfedfel
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