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1. Two players are playing table tennis. Player A hits the ball at a height
of 0.24 m above the edge of the table, measured from the top of the
table to the bottom of the ball. The initial speed of the ball is 12.0 m s-1
horizontally. Assume that air resistance is negligible. D
Contldet Ves tecal mott'on betneen
baotwk p 2 ¢.
s:: MC{) -‘—%&k“- 0.24m

- 024= (8 =Y (90XED)

4 -)%q;z..:_& f tabe

(a) Show that the time taken for the ball to reach the surface of the table is about 0.2 s.

diagram not to scale

(b) Sketch, on the axes, a graph showing the variation with time of the vertical component
of velocity VJ‘ of the ball until it reaches the table surface. Take g to be +10ms-2. [2]
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"" = 120ms”

(Question 1 continved) g @ 24 —O-IS' ) Mb
(c) The net is stretched across the middle and the net has a height of 15.0 cm. 024m '-_'-'c‘\ nre@mlt
Show that the ball will go over the net of the table. The table has a length net 3l€(m N
of 2.74 m. Sx. = u'cE +/ QL&L
210 -2y (> 4= 3-_1:'
- 45 = 0%t - Y RGOt L
J_ L' TH XV TH_ 43¢ AL Net — middle of
X0 X =% Wt e table

=06
(d) The ball bounces and then reaches a peak height of 0.18 m above the table g~
with a horizontal speed of 10.5 m s-1. The mass of the ball is 2.7 g. a b U-C.;:Lé vt&-‘{ et
(i) Petermine the kinetic energy of the ball immediately after the bounce. o‘g n *

(i) Player B intercepts the ball when it is at its peak height. Player B holds a - -
paddle (racket) stationary and vertical. The ball is in contact withthe A b bRy £0WZ etV adt'on of enesg f

paddle for 0.010 s. Assume the collision is elastic. betw en bo{ Wt' 11 AN

@) \ paddle W\%\( .\- M\S“ - o'(-
10.5ms™

27T__X(oK 2c‘+_l %.l £ (o= LV
0"'0
Calculate the average force exerted by the ball on the paddle. State your

answer
to an appropriate number of significant figures. [3]
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2. A planet is in a circular orbit around a star. The speed of the planet is
constant. The following

data are given: 14 20

Mass of planet = 8.0 x 10 21 Mass of star=32.2 10 gs " Pistance

from the star to the planet R = 44 % 1 ‘mt

(a) Explain why a centripetal force is needed for the planet tobeina
circular orbit.

"}T
ANC 2 (a) @c
fot. ¢ I¥culat motlon X
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. s,_ P.:. Y (&t ne
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(b) Caleulate the value of the centripetal force

€= G My M.,
T
— 2
661x10" X 8ox (0T X 32%10 0
(44 w(o®)*
429 +20

= 64TXG0ox22 X |0D
Al Rb 4 X 1070
| , . ~l1424 +30-20
- 667X60K3:_)x o 24 +30

44 K44
= @61 % IO:); Newton
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(¢) A spacecraft is to be launched from the surface of the planet to escape
from the star system.The radius of the planetis & | x| 0> km

(i) Show that the gravitational potential due to the planet and the star at the
surface of the planet is about — & x| o? J kg-l.

botenhal VP:' GMp. _ €€TX (D 2% g0 1ot SN Y T I/kg»

To 1 X10° X 103
< 44 X 10"° :

Tetal bstenhal = \)= Vet Vo= - XloT T/pa

(ii) Estimate the escape speed of the spacecraft from the planet-star system.

EcoraL >O/ Fr >lE(| =ml 6
Wy
W=y
R

y* >z\fg >3% 49%107

\ >fzx4-ff><[o =9 ?leo"W\S
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3. A mass of 1.0 kg of water is brought to its boiling point of 100 °C using an electric heater of

power 1.6kW.,
(a) (i) The molar mass of water is 18 g mol-1. Estimate the average speed of the water

molecules in the vapor produced. Assume the vapor behaves as an ideal gas

?’ KT = —M\?L:?"\?: 2T

Z =

Macs = —
/a Na
_ [axraex 5P @1k o2 xiBF
18 % 153
= [ 2X1'38X2723%602 . —1mmE
18 x| &
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(ii) State one assumption of the kinetic model of an ideal gas.

—bax hele can be comtidered potnts. (wlihouk r'wmen 4L'009

— No nteY mole culay {orees
—— Vsime of dne pathele (< heqLeguble to tne Votume of
ne Ka&

(b) A mass of 0.86 kg of water remains after it has boiled for 200 s. — WakeY V“—*’“U‘f’g
(i) Estimate the specific latent heat of vaporization of water. State an appropriate unit for = |- 0" 1%

. =0 \Akg.

YOI e %)_ = W= P LD => M. L= t¢x [0°x200 g
e w2

L= U< Rlo" K300 _ :-&Xlogy

o'l 4 “a

(l \ ) Explain why the temperature of water remains at 100 °C during this time

ALL heev\qu 2dded b we to biwol e bond.
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@ The heater is removed and a mass of 0.30 kg of pasta at -10 °C is added to the boiling water.
Petermine the equilibrium temperature of the pasta and water after the pastais added. Other
heat fransfers are negligible.

Specific heat capacity of pasta = 1.8 kJ kg-1 K1 Specific heat capacity of water = 4.2 ki kg-1 K1

Heak loct bg ne wate! = Heakt (iau.-nd ba» ine pasta

Wiarey SwWated (160-T) = Mygeen Sparta (T-&10))

O B6X L4ax (l60-T)= 020X 18X (T+10)
LK (00-26I2T = OS4T +0<hXlo

2412~ C4 = (€12 +0S4)T

2SS B o
= v 66' (&
T= o 2 86%
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(d)  The electric heater has two identical resistors connected in parallel.

A

5 ¢

) T3 0)t
. I'6X |0 =
220V K , l I
|
The circuit transfers 1.6 kW when switch A only is closed. The external voltage is 220 V. 220 220
€= X - A OE
(i)  Show that each resistor has a resistance of about 30Q. ' . 6 x l03 Lé. (G" l'

= 121 230-ohw\
“Z.T’ —_—

(ii) Calculate the power transferred by the heater when both switches are closed.

é.
T/ A
(%4)
=% l€X (o> W
= 3->_><lo3 W =22kw
= 22 60 Waktt

o

220 VoM
220\ etk
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4. A planet orbits at a distance d from a star. The power emitted by the L Net
star is P The total surface area of the planet is A.

(a) (i) Explain why the power incident on the planetis fdz A =
(u{f«ce Axca J_F b lane
A= 4 e* <TAL.
% =T e* IR
Cowel tadrated by dne j;uf‘j‘:;i e b
stay on unlt ate. ak Cta{ ¢ AlcA

M srance 4 < -~
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bemLtted —e € ATH
(ii) The albedo of the planet is ap . The equilibrium surface

temperature of the planet is T. Perive the expression (
dlﬁﬂd b= Telal <eaktexod $owr
Ty ) total Mneldent fowe
= odp

where e is the emissivity of the planet.

Erom breviows bart Pcattered = ©p) (Omeraent )
emz.l‘d'eud:' = F.;ca!:l-c{ul - (evw.‘&(:td
| \ (l‘hdl’d.twt = O{P elnc,fdf_v\k 4 € & A\‘Lf
foncident <l—o(‘,) - © s A-l-‘f.
_(»4 _ Cincraent (l- ¢ )

2 s A

T - f A (('—dPD
“1eTar €s A
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(b) On average, the Moon is the same distance from the Sun as the Earth. The Moon can
be assumed to have an emissivity e = 1 and an albedo M = 0.132. The solar constant is
1.36 1 0% W m-2. Caleulate the surface temperature of the Moon.

P: f N (l-—df)
A1 44> L e s

il 3¢ X182 % (0:81)
4] Ax& 61 x 58

T= 2¢€@ 15 k
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5. A device sends an impulse of electrical energy to
maintain a regular heartbeat in a person. The
device is powered by an alternating current (ac)
supply connected to a step-up transformer that
charges a capacitor of capacitance 30F

(a) Explain the role of the diode in the circvit when
the switeh is at position A. [2]
wneve 4

heart

|

switch
220V

N
1

]

DIope WILL Act AL A HALS-

WwAVe Eéct1@lel
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(b) Vi= 220 Vot

The voltage across the primary coil of the

transformer is 220 V. The number of turns on the Ne= B _'\h-. = y_’;
secondary coil is 15 times greater than the No=1&N ! W
number of turns on the primary coil. ISN _ Vo
(i) Show that the maximum energy stored N ~ 250
by the capacitor is about 160 J. ¢= 30Uf \, = QS') (230) \ ot
U= L eyt
>

o3
L (20 (5%) (15%220)

)

(€335 T
Y |€o T

i
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ICalculate the maximum charge Q, stored in the capacitor.

Qo= <= 20Xl36?<330"0': 'DPF ¢

1) ldentify, using the label + on the diagram,
the polarity of the capacitor.

Lowes plate |& pos(tiNe

(¢) The switeh is moved to position B.
L'.) Pescribe what happens to the energy stored in the capacitor when the switch is
moved to position B.

the eev&-(q& Lt | e Cadac (tov¥ Em
tsancfesscd fo tne Load (hrart)
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’(,:(,) Show that the charge remaining in the capacitor after a time equal to one time
constant t of the circvit will be 0.37 Q,

&: &o —E/: '[‘-,:'Z
Q- 8, e = &76 = 02BWE Q» =037 Q,

T Q The graph shows the variation with time of the charge in the capacitor as it is
being discharged through the heart.

‘0/-
0' 31 0 0 1\1\2 3 4
/ time / ms

) 6% 162 Sec

Petermine the electrical resistance of the closed circuit with the switch in position B.
- RC > = 5 - Lexid2
< 20%15¢
= E3-ohwmm
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(d) In practice, two electrodes connect the heart to the circuvit. These
electrodes infroduce an additional capacitance.

B
\‘\/
_[ l = electvode akes

— heart a lepacitod anol g

electrode

p— capacitance lapact taf (s connectd
paxallel tone feViowd
Capacttor.

hence folal capaclte

incyrates
Explain the effect of the electrode capacitance on the discharge time.  dhege _(.H c

<= €C Incyrcaces
hewce MLMYEL""? hme
N ef cades.
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6. A painting is protected behind a transparent glass sheet of

refractive index nglass. A coating of thickness w is added to s shoot cating
the glass sheet to reduce reflection. The refractive index of ZhE | light
the coating ncoating is such that nglass » ncoating » 1. <

Bl
The diagram illustrates rays normally incident on the coating. paning— <\\
Incident angles on the diagram are drawn away from the
normal for clarity. 7 w)

69 State the phase change when a ray is reflected at B.
fhate <hange ok tne dence! mecluwe = (80°

Lbou Vldf'{ D)
B) Explain the condition for w that eliminates reflection for a particular light
wavelength in air Aair. 2—4“
(e Ix= 2w (Cbatn auffevence) X coahry
coativg )\am _daur
¢ =%

- L
(WH-—[:_-—)%-— (WH— P
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S G) State the Rayleigh criterion for resolution

L central marma of sne AL ffsaction pattern

et ovey ine aewﬂa!./_gr“{- MUNL WA of omeY
A ffgactlon pattern.

@ (l l.) The painting contains a pattern of red dots with a spacing of 3 mm.
Assume the wavelength of red light is 700 nm. The average diameter
of the pupil of a human eye is 4 mm. Calculate the maximum possible
distance at which these red dots are distinguished.

9= a2
fot citeulay obey tUl€ T

/Pﬁ

g~ 22X qeox 1o T
A %53

= 214X (0 Tacian , 9:%

6 >l4x(104
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7. Radioactive uranium-238 (2Z§U) produces a series of decays ending with a stable nuclide of
lead. The nuclides in the series decay by either alpha (o) or beta-minus () processes.

(@) Uranium-238 decays into a nuclide of thorium-234 (Th).

Write down the complete equation for this radioactive decay.

229 >3 L
C[).U > ‘?bTh &—;-lHC

(b)  Thallium-206 (*Tl) decays into lead-206 (*2Pb ). 566 20

Identify the quark changes for this decay. 3| @2

(c)  The half-life of uranium-238 is about 4.5 x 10° years. The half-life of thallium-206 is
about 4.2 minutes.

Compare and contrast the methods to measure these half-lives.

L. meacure Kadioactive decaa for er mey-
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(d) The graph shows the variation with the nucleon number A of the binding energy per nucleon.

9

8

1
6
binding energy
per nucleon / MeV 4

(&)
T T

0
0 20 40 60 80 100 120 140 160 180 200 220 240

nucleon number A

(i)  Outline why high temperatures are required for fusion to occur. [2]

Hign fewmp = mole kKE, mre Speed
L eue{ga- fcew¥ed to sVeY come elechroslatic X cpultion
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(i)  Outline, with reference to the graph, why energy is released both in fusion and in

fission. enefr 1s fcleaced when bcnauvg eu.-r?a:. be~
huclesn I cefcatel.-

(il Uranium-235 (*3U ) is used as a nuclear fuel. The fission of uranium-235 can
produce krypton-89 and barium-144.

Determine, in MeV and using the graph, the energy released by this fission.

235 g |44
Q2 U — ¥y T + Bz + 8§,

1 1 1

. P
22EXT€ Mey BIXB6ttev |44 KRG 2¥ey

R - f(zas—) (T~ (62 (8O - (144x6)]
= €06 Mey
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8. On a guitar, the strings played vibrate between two fixed points. The frequency of vibration
is modified by changing the string length using a finger. The different strings have different
wave speeds. When a string is plucked, a standing wave forms between the bridge and the finger.

(a) Outline how a standing wave is produced on the string. [2]
Teave lling wave moves ale ne lcna'h,
°f Ine <tring and "6<-:€ lecte ot flaed end

And becawe of e <upec botctin e (dent
d e lectad wave, ne zi'avxauvj wave s produced.

b) The string is displaced 04 cm at point P to sound the guitar. Point P on the string
vibrates with simple harmonic motion (shm) in its first harmonic with a
frequency of 195 Hz. The sounding length of the string is 62 cm. N H

(i) Show that the speed of the wave on the string is about 240 m s-1.
AmpUtude = 04em £ =tq¢ Hz L0 ot <— L

=X
L:%é A= 2D =2 (062D = laétw\i' /o
V= f£ A= (950 (t24)= 242M4e,
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((_ l) Sketch a graph to show how the acceleration of point P varies with its
displacement from the rest position.

Foi SHM
A X—%x

acceleration N

displacement

(li.l)calculafe, in m s-1, the maximum velocity of vibration of point P when it is
vibrating with a frequency of 195Hz.
. b = AW Ceg WE

Vwar =&V - & (21F)

' 04 Xax2|4 X |95
Hewmr

]
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(iv) Caleulate, in terms of g, the maximum acceleration of P

Max Acceletatton = ~wx =~ (20§)7 (2

= — (2% 12D % (- 004)

K]
(v) Estimate the displacement needed to double the energy of the string. = €00 E
b NP
E= L mwz
E K © A JE

p 4

—’—‘—:J_ﬁ; > 2 =-[3 %

= 37X (04Cwm)
= 0°€ Cm
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@ The string is made to vibrate in its third harmonic. State the distance between
consecutive nodes.
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9. Conservation of energy and conservation of momentum are two examples of
conservation laws.
(a) OQutline the significance of conservation laws for physies.

—» Boin expVcee PoIncc plet o.f hat ure

— ('\exl: = % / -c{l @ez_l-en\a.e_ 20/ b= comtranl-
— (Te) = (k&) + (€)= cons toauk  Can apbly fo twWoO
Vavvable botitlon ara| ftV\d ouul- UN Enown §uandt’ l{

(b) When a pi meson - (dU ) and a profon (vud) collide, a possible outcome is a sigma
baryon 22 (uds) and a kaon meson K° (dS ).
Apply three conservation laws to show that this interaction is possible.

4V +UUd — Ul + AL
ULl (dea ot barkele &nd anbiparhele Ros oppatlte Miubey.

2a t W+ W +u_._>:.d+u_i-.<.+$ S u=k
ComstevYvakton @ chavee (Yec) O=0
ba'sa'av» numbel Ye¢ L= _31

SHiangene i Yol 0=6 9958461445,01141032244




10. In an electric circvit used to investigate the photoelectric effect,

the voltage is varied until the
reading in the ammeter is zero. The stopping voltage that produces this

reading is 140 V.

@) Vescribe the photoelectric effect.
(V)

The photoelectric effect is a phenomenon in which electrons are ejected from the surface of a metal when light is incident on it. These ejected
electrons are called photoelectrons. It is important to note that the emission of photoelectrons and the kinetic energy of the ejected
photoelectrons is dependent on the frequency of the light that is incident on the metal’s surface. The process through which photoelectrons are
ejected from the surface of the metal due to the action of light is commonly referred to as photoemission.

b) Show that the maximum velocity of the photoelectrons is 700kms-1.
L

Vg = | 2eVo ax 14 X15' T X [40

— —
—-—

I 9% 15%!

N \
=z 7060 k%&
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(c) The photoelectrons are emitted from a sodium surface. Sodium has a work function of
2.3eV.

Calculate the wavelength of the radiation incident on the sodium. State an appropriate
unit for your answer. [€

E - wb -+ e Vo
he _ Wy +<Vp
Py
l\xﬂ' = 2>3e\V+ |I'4oe\ = 2T0€V
o BTOXI€x|6 T
&6 x(63% x2x100

= 24 ?HD—T W
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