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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
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(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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(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‘\ nr@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
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(d) The ball bounces and then reaches a peak height of 0.18 m above the table gud~
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 b2y £0WZ etV adt'on of enesg f

paddle for 0.010 s. Assume the collision is elastic. betw en bo{ Vu_. 11 AN
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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 " PDistance

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

(a) Explain why a centripetal force is needed for the planet tobeina
circular orbit.
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(b) Caleulate the value of the centripetal force
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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 — & > | o? J kg-l.
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(ii) Estimate the escape speed of the spacecraft from the planet-star system.
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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
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(ii) State one assumption of the kinetic model of an ideal gas.

—bax hele can be comtidered points. (wlihoul r'wmen 4L'009
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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%

. =04 .

YOI e —lt-,' = W= P => M. L= I<x [0°x200 g
e wer 2

L= X Rls" 8300 = D'QXlogy

o'l 4 “a

(l \ ) Explain why the temperature of water remains at 100 °C during this time
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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
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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
()  Show that each resistor has a resistance of about 30 Q. ' 'S x l03 Lé. (G" y

= 121 20-ohw\
—ZT_— —_—

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

220 >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. Mmeagure LadLoactive decaa {o(eche(~

9958461445,01141032244



(d) The graph shows the variation with the nucleon number A of the binding energy per nucleon.
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(i)  Outline why high temperatures are required for fusion to occur. [2]

Hign femp = 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. enefqr 1 fcleaced when Ju_-nauvg 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
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6. 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<-:€ lecbe ot flaed end

Anad becawe of e <upec bog(tim F neldent
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 = ohem , £, =t9SHz  L-0dlame <— l-%/
L.—%_,=> A= 2D =2 (06 = |;£twut' &

V= LA = (a0 (r24)= 242 M,
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((_ l) Sketch a graph to show how the acceleration of point P varies with its
displacement from the rest position.

F“ S H ” acceleration
A =%

displacement
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7 Conservation of energy and conservation of momentum are two examples of
conser vation laws.
(a) Qutline the significance of conser vation laws for physies.

—» Boin expyvcse PN cr plet o.f hat ure
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(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 — WA+ AL
ULl (dea ot barkele &rd anbiparhele Ros oppat(te Miubey.

2a t W+ W +u_._>:.d+u_i-.<.+$ Su=k
ComstevYvakton ' chavee (Yec) O=0
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