(5}

93 =A *MT

The number of neutrons in a nucleus of "~ Au 1% e
B A 2% 19 [N 9=z =p
8 8197
= 19 +n =193
C U
n=I\&
B pm

73 (Total for Question 1 = 1 mark)

Which of the following is a possible unit for rate of change of momentum’?
B A kgms E= _AMV K_ &MS:" Kaml
£l B kgms' t =

B Ckgms’

O D kgms'
(Total for Question 2 = | mark)

A ::sw“;“ .::::r: 2 pm'-uc!ekmclcmmr. As it emerges from the accelerator is mass is
m tobe 38 = 100" i s
Ilmbcmiudcdthmm:mitmn M'—q'”XlO Hl_:]
[J A has become a different particle.
] B s travelling in a circle.
X € istravelling at close to the speed of Tight.
O D istravelling at a non-relativistic speed.



PMT
4 Pantiches of mass m, cach carrying o charge 4, aie travelling with a speed v, They enter

A magnetic fleld ol flux density # a night anggles 10 the feld. This cases the particles o

move i a circular path,

Which of the following changes would decrease the radius of the path of the panicles?

O A anincreme in oy Camy el o« i
R B an erease iny BQ laraer denominakar

S mmaller
B € adecrense in i

O D anincrease in v

- ——— 2 (Total for Question 4 = 1 mark)
<y
5 A SN pF cnpmiuz 18 chinged to 4 potential difference V. A second capacitor of
305 charged 10 a potential difference 1 so that the two capaciton o

ﬂlcsamcnmunlnl'.mﬂp;_ WS _"..Q)V‘_LCV‘ \JJ‘=W1_
= Es

The value of | 11 &

¥, 2
B A0 V., =VC, V.
/i/\:. C A

B B0 y_l‘l.: C.L 50 F :_J_ OI'
RC 0l Va C.,‘ S_Locuf 10

o0 D om



6 A beam of antiprotons enters a uniform magnetic field, causing the beam to change EME

direction as shown in the diagram.

R uniform magnetic field

s, S st

N\ 2 —1
antiprotons 2 47 f:: ]'{'M“\“]\-’

What is the direction of the magnetic field?
| [0 A perpendicularly out of the page
B perpendicularly into the page

C towards R

B B X

D towards S

(Total for Question 6 = 1 mark)

7 A student suggests that two colliding protons could undergo the interaction
ppsS PR
Which of the following statements is true?
[0 A The interaction is not possible because charge is not conserved. \+L = (ot

B The interaction is not possible because the number of particles is not conservcd.)<

X
5 C The colliding protons must have a very high value of kinetic energy. ™M e&asy ¢ e atfedf
08

D The resulting particles must have a very high value of kinetic energy.



8 The graph shows how the magnetic flux passing through a coil varies with time. EME

magnetic flux

time

Which of the following graphs could show how the magnitude of the e.m.f. induced in
the coil varies with time?

e.m.f. e.m.f. e.m.f. emf

: y 0 ) 0 3
time time time time
® C D



Questions 9 and 10 refer to the diagram below. PMT

The diagram shows the tracks in a particle detector. A lambda particle has decayed at O
and two particles P and Q were created.

9  Which of the following is a correct statement about momentum in this decay?

K]
B

A The total momentum of the system is zero. VAN

B The momentum of P is equal to the momentum of Q. X

[0 C The sum of the momenta of P and Q must equal zero. X

¥ D The sum of the momenta of P and Q must equal that of the lambda particle.

(Total for Question 9 = 1 mark)

10 Which of the following must be a correct statement about energy in this decay?

O

[ R T 4

A total energy of P and Q < total energy of the lambda particle
B total energy of P and Q = total energy of the lambda particle
C total energy of P and Q > total energy of the lambda particle

D total energy of P > total energy of Q



| 11 An alpha particle (He ts ravelling dire arids | 1 PMT
The graph x how force 7 between the part
over a shont dstance

N Ay
0 -&
0
{a) The relationship between F and r obeys a -
With reference to points A and B on the grapl

+he Focce is inversely oroporhonsh 4o the seyvane
F
of +he sepgecarion. F2 £+ So #me Sactor by which ne
Fore s cnanged, ts bwe invesrse Sepore o n.._;cm\-u- © is Lnaned.

o AT =2 5N rala\oi\_ Len T i doublad Yo 3-'3!\0 n'\ fis

d.ecremdba o Facrer (6-213) as swvown o peint B

b} Caleulate the force between the al

\t'r‘.lf.llll‘i- 15 al s Manimum vaioge «
: ©,Q. Tz alteno™eaatena™

YTLe, > (e asxo™) (ws.ac™)”
13-46¢.. W




12 A capacitor can be charged and discharged using the following circuit. It can be assumed
that the ammeter has zero resistance,

PMT
1.5V

” ‘__+ 680nF
Yo

(a) Initially the switch makes contact at X.

Calculate the charge stored by the capacitor when it is fully charged.

@’—CV:ég’OXLOFqX kg

S ) D el S

Charge =

(b) The switch is moved to make contact at ¥ so that the fully charged capacitor is
discharged through the 220 £2 resistor.

1.0 ms and comment on your answer.

e
(Do OO

Caleulate the charge remaining on the capacitor after it has been discharging for

— lacp™3

==E o i T
['OZKLO 6 120 x 630 a4

EE g T @

Charge =
Comment

A— ,MC‘?S‘I‘ -L‘f-tlj a’(/"SC L\&J\’é{



(¢) The capacitor is charged and discharged 500 tmes per second. PMT

Calculate the average current through the ammeter,

I: A = SoOoX ((O2xl0 ¢
NG |

=WOE o H S



13 (a) State the prineiphe of « ptbin, o mo PMT

e Y‘olal momentum before o collizien s aepuald o
Or €FpleSion
e *odal moman tum ofter o cellisien. as [é)V\j

as no external HForces ar< a«;(.rvj

b A head-on collisi
of the bt

momentom before = Mmomenrm &i\‘ﬂ'
Leaxto™? (2a80) + 1.soxio” (-118) = V.67 SR R
V = & lsel-Biens

leBms™

Vg ms™

(i) Using a suitable calculation. delermmne Wik her the collisyg

e lastic

an elashc col\l\lsion WE (= censerved m\ﬂqw; Q.S‘Cr\, o:":
' LAy ELlen
. ¢nelosbc  cotlcsien KE is nor Conseryed’ & 2

~ Refore
& X
Ly (L1216« (3230} + %L (1sx107¢) d\1s) # ji' (oo™ x CeTan
- T
s Q.05x16" 3 2.25x10"T

ine\ashnc
sSe \ne e s e @ e avkog)



14 (a) State Faraday's law of electromagnetic induction. PMT

vad(u-cea( f-m—p- A} eﬁl“q( Jo The ote
@'p CI/La—«\J( §‘C m\7r\c'ﬁrc -ﬁlhx 17,«(6‘4(7-(’_

(b} Vehicles such as buses may be powered by electric motors. The motors on these
buses use batteries which need to be charged often. This is normally done by
connecting to a fixed electrical supply whilst the bus is parked.

The photograph shows a bus on 2 road in South Korea. This road enables the
batteries to charge whilst the bus is in motion.

Under the road there are electric cables, connected to a 440V 60 Hz supply. These
generate magnetic fields. There is a coil inside the charging device which is located
below the floor of the bus. This enables the batteries on the bus to charge.

*(i) Explain how this system works.

. 6OH2 S pp! J.e.nmw% e VO*J.XJ

s ne fre Lrelex

Cor\Z in e bas  cot +m(,7k tle
Whoee n ¢ e Lrele.

O ety e c\/-am]{ T e N G o
ITI\\QD-Q-{_ 7

R ZBR N

TS T ~Ahocec M FrLe cof (/

e S SRR s
Cre \7<>Lcw<~ w o5 e tow+-¢s:7



PMT

(11) It is not necessary for the cable to be installed under the entire length of the road
I'he batteries used to power these buses can be much smaller than those used in

other electric buses

Explain why the cables do not need to be installed under the entire length of the
road and why the batteries can be smaller

i 'B‘a,'F p(&zjm\‘} neel 4o lbe CL\%?,QOL
Cé)né"l‘chf\"l"(j

- Sta e &\C bef4e A€ fRnin=ey (‘&7{

boe [SEESTS e < 4—\74)

5 B Shige e o SN, o sl et el o S L
C(f\cwj,\j st=—Fro~  so bm‘-fﬂrJ G



s L PMT
::::::‘mc:hl;h:':u:: A Ol spon. The sport uses & motal spbre mttacbacd Us g
e e shds the chiin aned spins srownd 1o gine the sphere o large snguls

When the sphere is released it travels in o paraboli path thiv
ground

(a) Explain why, at the mstant of release, the sphere stops traveliing m & crculsr path

—n‘\e.fe is o \uﬂ&o.r‘ o cenWipeval Forca n.:h'n& an
e sohere o i+ would not follew o cirewlar padl,,

(b) The sphere has a mass of 7.3 kg The athlete moves the sphere thi
radius 1.7 m. The speed of the sphere, at the instant of release, s

(i) Calculste the angular velocity of the sphere

W= Vv A2 Vo6
r I-

oy
Angular velocity \0'b rads

tii) Assuming that both the circle and chain are hortzontal, calcolate the force that the
athlete exerts on the chain just before its release.

- ‘:f.‘i" NAgg .. 130N
c (B!




(¢) The diagram below shows the sphere moving in a vertical circle.

X

[ \

\{@7

(i) Draw arrows on the diagram to show the direction of the centripetal force on the
sphere at each of the positions X, Y and Z.

*{ii) The tension in the chain varies as the sphere moves in the vertical circle.

State the position, X, ¥ or Z, at which the tension will be a maximum and the
position, X, Y or Z, where it will be a minimum. Explain your answers.

A‘+ X\L T"‘L}'V\j Zmvt

PMT



16 A beam of Wenical po o
eniical positive jons travels honao \ . wom. T
between two charped plates and are deflect 3 - LU L Pass PMT

the plates

The diagram

*{a) BExplain the path of tf

+he PosiHwve ien (s regedad fremm the posihve

p\ate and aMrracked 4o rne neoglive plare
Charged pashcks move parabelas |F projecied
ints an elecircfield (n o clirechea ab ripnr

angles o bee Feold. He vtan mMoves e o conshenr
veloccin ok right om&kz.s jo Mo Held Pbur acclsrale
alengy e dureckhen ofF ¥ field.

The path D S'/*nutj It  Owtsicde e Lre(d
oy Mo Fc2 ach o~ e Fons

(b) Whilst the electric field is stll acting, the path of the wons can

horizontal by applying a magnetic hield over the same

{1) Explain the conditions under which the tons have no o
pass between the plates

Hoo moﬁnu\l force us agued Yo dve fore Frem
Mo elocyric Fieldh =0 fave Vs & cesottant force

of zere and i+ moves of a consrant veloct hy



2605103 ms™
(1) The 1ons have a velocity of 260 km s
potential ditference acruss the

OS5 m
The plate separation is 3.8 cm amd th
tates i 60 v

Caleulate the magnetic flus density reg

ol the fons e s that there s no overall defl
CRv:=EX E=\,
d
B:E Ne Lo = 5. x0°
¥ AV  s.0usx260r103

Magnetie Mux density 5"“(\0‘)

(<€) State and explain how the path of the wons i just the moagnetic fiel
differcat from the path mn just the clectne field

Yhe ions woowled Meve on o clfcukar gotla un
’Jus¥ +he magneWc field as opposed e ol
pwmbc\\'c mohan 0 Hae elockrde Held .

=0 F=mv®: BAv qgiving o racies of r=my
— i ek

PMT



17 (a) High energy particles used to investigate the structure of matter are produced
in particle accelerators. The diagram shows the main features of a linear
accelerator (linac).

electron electron path
o
-+ Q f
H.L‘.‘\ll]!! 1= -- U._-_..' [—].‘.-.
0 - \
= mlu :uh.. be tube
electron C D
source

(i) An electron is shown between tubes B and C,

The circles on the diagram indicate the terminals of the a.c. supply.
Indicate on the diagram their polarity when the electron is between
tubes B and C.

Explain your answer.
ELCC-Lro,\ st bt affected o i ve
C ot epeltact Lom L.be &

(ii) Explain why it is nccessary for the tubes to increase in length along the linae.

So  trest P o Lreles ceon Jp et e
S~ Loe ™ T (% + LLJ ccce. /—‘3/""-‘7(6_
(iii) The peak voltage of the a.c. supply is 250 kV.

Calculate the increase in electron kinetic energy, in joules, as the electron moves
from tube A to tube D.

PMT

AT e ex\p IxrSex1ot = o4 xi0” T

=08 | o= =R
\V\Créak w KE =3 xO4Yxlo"3 = (.2 x1() J



PMT
(b) The Antiproton Decelerator at CERN slows down very high energy antiprotons to
produce anti-atoms such as anti-hydrogen.

The diagram is a representation of a hydrogen atom and an anti-hydrogen atom.

electron ,___‘__H‘-'"_H —"“r""_.'-"- E_O§W

proton

Hydrogen atom  Anti-hydrogen atom

(i) Use the boxes in the diagram to identify the particles in the anti-hydrogen atom.

(1) State one difference and one similarity between the electron and its corresponding
particle in the anti-hydrogen atom.

OP,Q@S(F"L{ Cb\q—J{

SCL L VW&SS

(1ii) State what would happen if a hydrogen atom collided with an anti-hydrogen
atom.

CZ—-nvx?l’\f[cmL—e {o J;v( OH



() In the early 1960s Murray Gell-Mann I]rniuhud a quark model that consisted of three PMT
quarks. The table gives some of the properties of these quarks.

Predicted mass
ark “harge - S
Quar Charge in MeVic?

Up (u) 213 4
Down (d) 113 4

Strange (s)

Lk

30

(i) Explain what is meant by a charge of +2/3

Y4 ef C'/\cfj4 of «

+_'_)~5_)<(.é)<f0—l7 C

(ii) State the predicted mass and charge of the @i quark.

H"Vv\f-\//cf E-:’V\c"

(iii) Calculate the mass of the § quark in kg.

Sox1pf - g axo |

CBA(OQ)’ ) J






