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Answer all the questions in the spaces provided.

1 Ablock is held at rest on a straight, frictionless slope. The slope is at an angie to the horizontal
bench, as shown in Fig. 1.1.

block

slope
horizontal bench

Fig. 11

The biock is then released from rest at time { = 0.

(a) Describe the motion of the block down the slope.
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{b} The variation with time f of the displacement s of the block is 'shown in Fig. 1.2.
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(iy On Fig. 1.2, draw a tangent o determine the sp:elaed of the block at time { = 0.20s.
tml

Spoad = 0:£1=0 /:l«zé e

0.-S00- 0095

{ii) Use your answer in (b){i} to determine the acceleration of the block at time = 0.20s.

c] o
0-20
¢ V(A 1]
. ¢
acceleration = 63’ ...... OR" .............. ‘f ........ ms= [2]
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2 Aball of mass 0.62kg is dropped from rest. It hits a horizontal surface and rebounds. The variation
with time { of the momentum p of the ball when not in contact with the ground is shown in Fig. 2.1.
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Fig. 2.1

{a) Calculate the kinetic energy E, of the ball as it makes contact with the surface.

Fl¢‘hx =32 ﬁJk’ V/// Z:[Zl]
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(b) Determine the magnitude of the average force exerted by the ground on the ball when the
ball is in contact with the surface. Show your working.

=

&p

3]

-f = -1'8-32= -s.0 Ns o (b1]
0-68 -~0-S53 = 0:1¥ s

1l

st
. =50 _ _a
X Fo= &= 222 =-n3 N 7 [e]

133 = M - N = (0-69038) - N y EML]
N = 3k N

(e} The ball loses the same percentage of its kinetic energy every time it rebounds.

Determine the number of times the ball rebounds before its total energy decreases fo less
than 5.0% of its initial energy. Show your working.

ﬁga%f rtbw = —Ll = 'Lﬁ =2-629 Ns

Lim 2(0-61)
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3 Asign PQ and its support stand are in equilibrium on a horizontal surface, as shown in Fig. 3.1.

support 32

Fig. 3.1 (not to scale)
The sign is uniform and has a mass of 2.3kg. The sign is at an angle of 58° to the surface.

The support joins 1o the sign at point R where PR = % The support is at an angle of 43° to the
sign and exerls a force F on the sign. Force Fis parallel to the support.

(a) By taking moments about peint Q, determine the force F.

:-37;]__ e E&l]
50&#*-;% =@-Dad)sin( L) v [Ml]

F =135 N

...................................
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4 {(a) Derive, from Newlon's law of gravitation and the definition of gravitational field strength, an

expression for the gravitational field strength g at a distance r from a point mass M.
3((4»\/54“{19%} -ﬁ(,lJ cfre "szL 9 15 ﬁf&»/'rlw‘ﬁonﬁ/l ,fwra F
[/,
U unft  mess
(j = % - % _ ém l/

T‘ » L [A lj

(1]

(b) A satellite is in a circular orbit about the Earth with a period of 110 minutes.

For this satellite, the Earth may be considered to be a point mass of 6.0 x 10%*kg situated at
its centre.

Determine the gravitational field strength g at the lacation of the satellite. Show your working.

Camidetomd  five 'omw?(cld Centipet ] ,Fara.,/ (81]

= W r H r
(7)
-4 Ly L
rl o= em T _ 6-6Fnw x Lo xo 'k (Loxbe)
bo* Lot

r = ’l-etsnocm. " [:(,;_“I

-1l ¢
9= &M - bd o xb-0xle T 5 Nk
M (2615009 > 4 (]

(c) Explain why, near the surface of the Earth, the gravitational field strength is equal to the
acceleration of free fall.

.........................................
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5 (a) Two waves, each having the same amplitude and a frequency of 1700Hz, travel in opposite
directions at a speed of 340ms™". A stationary wave of maximum intensity I, is formed as the
result of the superposition of these two waves.

On Fig. 5.1, sketch a line to show the variation with distance x from a node of the intensity of
the stationary wave for values of xfromx=0to x= 0.4 m.
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Fig. 5.1
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(b} A sound wave has a frequency of 250Hz and passes a point X.

On Fig. 5.2, sketch a line to show the variation with time { of the change in air pressure due to
the wave passing X. Your line should extend from f=0to = 8.0ms.

. T-'— l

pressure
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Fig. 5.2
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(c) A constant current in a flat coil of radius r produces a magnetic field of flux density B, at its
centre.

On Fig. 5.3, sketch a line to show the variation with radius r of the magnetic flux density at the
centre of the coil for constant current in the coil and for constant number of turns.

Your line should extend for values of radius from rto 3r.
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Fig. 5.3
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6 (a) Alampis connected in parallel to a resistor of resistance R. These are connected in series to
a resistor of resistance 3.02 and a power suppiy of electromotive force (e.m.f.) 6.0V and of
negligible internal resistance, as shown in Fig. 6.1.

6.0V
o o

e
50 -

0-3A

Fig. 6.1

The current in the lamp is 0.30A and its resistance is 5.0Q.

(i) Determine the resistance R. Show your working.

V"""P - 0:32X5= l-so V

VB{L -_-_C-l'§ ':lt.g\[

. 45 oo
To = 4 tsA 7 e

I - ts-03=L2A 7 [m]
L= et " [a]

(i) The power supply transfers 120J of energy to the circuit.

Determine the energy transferred in the lamp. Show yaur working.

120 = ETH = (6(vS)t

t = 133s [B1]

2 =
Elmf :"YE-‘{; = [Tg (l?.-?) =S5z T

V7 i)

/(A

energy = ... B AP J [3]
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(iii) Explain why the current in the filament lamp is greatest when the current is first switched

[Bl]

(b} Two lengths of resistance wire, X and Y, made from different materials, are connected in
series to a power supply, as shown in Fig. 6.2.

") o
r=J.1r
X 2 v
, E v = 3V,
X Y
Fig. 6.2 I = N A >
Wire X has half the radius of wire Y. = T D( ‘ i
The drift velocity of the elecirons in wire X is three times the drift velocity of the electrons in p'\fQ_, AV
wire Y.
Determine the ratio ,
N\ X -
number density of charge carriers in 'Y v

number density of charge carriers in X’

Show your working. '/E l:]
NG, (), / ]

n, = m (r“'»/) ( ) (3] - #

[Total: 11}
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7 In the original Rutherford alpha particle scattering experiment, alpha particles were fired at a thin
gold (*3 Au) foil. As a result of the experiment, the model of the atom was changed.

(a) State and explain the evidence from this experiment that changed the model of the atom in
terms of its charge distribution and its mass distribution.

MESS QISIDULION vttt ettt s es s s e s e aam b e b e ramnab e s e renssereessrateanessennsnten
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L

907) o came ctruigt bude, idicelec thak mags of
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(A %ol‘ﬂﬁ{.d volume - - 4

(b} The alpha particles had an initial energy of 5.59MeV when a long distance from a gold
("$EAU) nucleus.

Calculate the minimum possible separation between an alpha particle and the gold nucleus.

& 6
__a”_:__ G-$9 X 1-6 Xto Xl 4 I/EC‘]
Loy

29 (He) _ 5.5G xL wa..l?, v/ [mi] /Dﬂd_]
4 (§¥5x0™)r -V it
~ = Y4.066Xx0 -l 't 090

separation = ... b, m [3]
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{¢) Alpha particles may be produced from the radioactive decay of an isotope of radon (*22Rn)
info an isotope of polonium (Po).

A stationary nucleus of radon emits an alpha particle.

The alpha particle has a binding energy per nucleon of 7.08 MeV.

The products of the radioactive decay have a toial kinetic energy of 6.62 MeV.
The binding energy per nucleon of radon is 7.69 MeV.

Determme the binding energy per nucieon of polonium. Show your working.

4 2

. =2%122 M-e,\/
kx10% } / EC[}
uLx 169 = 1rot:- (& M'c,\/

Bk of
BE of

\

1

Crdeased = ﬁ'EP “@EL
662 :(%r +1831) - (3% o]

BE, = Wesyy M/
BEp W5 4R L4 /]

Maceon 213 112 / CAI]
MeV [

binding energy per nuclaoh = ... e
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X-rays have many uses today, including medical imaging, radiotherapy, X-ray diffraction and

luggage scanning at airports.

In an evacuated X-ray tube, electrons are emitted from a heated filament {or cathode). They are
then accelerated through a potential difference and strike a heavy-metal target (or anode), usually
tungsten. The target is usually made to rotate at 3000 revolutions per minute. At any instant in
time, the effective mass of the target in the electron beam is 12g. The X-ray tube is illustrated in

Fig. 8.1.

Read the passage below and answer the questions that follow.

vacuum

/

o o
A-ray /
tube T /
N
electron — heavy metal
beam target
7
heated filament b
X-ray beam

Fig. 8.1 {not to scale)

Typical data for producing an X-ray image are given in Table 8.1.

Table 8.1
accelerating voltage/kV 85
beam current/A 0.12
exposure time/s 1.1
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The deceleration of the electrons at the target resulis in the emission of X-ray photons, These
X-ray phofons cover a range of wavelengths as shown in a simplified form in Fig. 8.2.

} . slwrlo / Lav]
e swalles N / Le’ﬂ

s spile /14
poxhion

intensity

wavelength

Fig. 8.2

The broad spectrum of photons is produced by the deceleration of the electrons by difiering
amounts. Only 1% of the electron beam energy becomes the energy of X-ray photons, with the
remaining 89% dissipated as thermal energy.

As the X-ray beam passes through matter, its intensity is attenuated (reduced) by a number
of processes. One of these is the Complon effect where the X-ray photon is scattered from an
outer shell electron, giving energy to the electron in the process. The electron is ejected from the
atom. Another process is the photoelectric effect, where the incident X-ray photon is completely
absorbed, ejecting an inner, orbital electron. For low energy X-ray imaging, the photoelectric effect
is the dominant process and the atienuation through matier is proportional to the atomic number
cubed, Z3. The average Z number of soft tissue is 7 and the average Z number of bone is 14.
X-ray photons that usefully contribute to the X-ray image travel straight through the body.

The transmitted X-ray photons are incident on a thin sheet of photographic film which is developed
to reveal the image. In modern, digital X-ray machines, flat-panel detectors are used in order to

detect the incoming X-ray photons. This process is much more sensitive than using photographic
film.

The attenuation of the incident intensity of a parallel X-ray beam as it passes through matter results
in its intensity decreasing exponentially. The fransmmitied intensity depends on the thickness x of
the matter and the linear attenuation coefficient u of the matter. This is similar to the exponential
decrease with time in the activity of a radicactive element. A successful X-ray image has a good
contrast if there are significant differences between the transmitted X-ray photon intensities in
different regicns of the image.

Where an X-ray image is to be produced of similar tissues, a contrast medium may be used.
For example, a patient may be asked to drink a solution confaining barium (Z = 56) in order to
investigate their digestive system.

in X-ray imaging, a single exposure to X-rays is used o produce a two-dimensional image of
an object. Computed tomography (CT} scanning uses X-ray beams in order o produce a three-
dimensional image. In CT scanning, the X-ray source spirals down the object taking many X-ray
images which are combined to produce & three-dimensional image.
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{a) Explain why the X-ray tube is evacuated.

peiort clectons fom  collidg with a0 g

(b) On Fig. 8.2, draw the spectrum of X-ray photons produced when both the beam current and
the accelerating potential difference are increased.

(3l

{¢) (i) Calculate the thermal energy produced in the target as a result of producing a typical

Thmd enerp) =(‘i‘f‘/-)63mf) 045 (14)(V)
= 0-98x0-12x1-L X 65000V [mi]

t

(i) Assume that all the energy in {c)(i) is absorbed by the effective mass of a stationary
tungsten target.

Estimate its temperature rise.

The specific heat capacity of tungsten is 130 Jkg™ K.
0
0B = () _ Ehqy. o - S¢S /
mc = ¢ ]

L2 X t; 0
goo
- e LAl
temperature rise = 5400 ..... OK'SLPS-O °C2 7

(iii} The melting point of tungsten is 3400 °C. Expiain why the anode is rotated.

sien (due 4/ (A

.......................................................
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{d) (i} The Compton effect involves the scattering of an incident X-ray photon.

Complete the diagram in Fig. 8.3 to show possible paths of the electron and scatiered

X-ray photon. Label your diagram. smﬁw /
pheton [s\]

incident photon

=) =
=
-

.~

electron M
Fig. 8.3 \ Sﬂw l/ Lm]

[2]
(i} State and explain the change, if any, of the wavelength of the X-ray photon due to
scattering.
whldengt, ol phsin e @ b
...................... o= o]

(iiiy Suggest the effect on the X-ray image of photons produced by Compton scattering.
oocer  ontmgd .y

{e) An X-ray beam is attenuated in matter due to the photoeleciric effect.
Calculate the ratio

attenuation of X-rays in bone
attenuation of X-rays in soft tissue’

24{55._“,77/ Zm—_- Y
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(f) Derive an expression, in terms of the linear attenuation g, for the thickness x,,, of matter
needed to decrease the intensity of a parallel X-ray beam to half of its incident intensity. Show

CTa T P /Im]

- Xy

L7 /%
2

-lwy = -./V.X‘/L

Y = / L4 2

(g) Suggest an advantage to the patient of the use of more sensitive detectors.

Non—inVasiley, medical drectment can be aptn e [a1]

....................................................................................................

(h) Explain why a patient drinks a barium solution in order that a successful image of the digestive
system may be produced.

g &

{I) Suggest and explain a disadvantage to the patient who has a CT scan rather than a single
two-dimensionat X-ray.

CT_scan_rtgwirts mnltigle  exposwne to Yeom scan./ (6]

Xy 05 foviodng_racbaden & harordovs /coke,  / o]

{Total 22]
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