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Data

AN

speed of light in free space
permeability of free space

permittivity of free space

elementary charge

the Planck constant

unified atomic mass constant
rest mass of electron

rest mass of proton

molar gas constant

the Avogadro constant

the Boltzmann constant
gravitational constant

acceleration of free fall
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¢ =3.00x108ms™"
Hy = 4nx 107" Hm™
£, =8.85x 107 Fm™
(1/(36m)) x 10°Fm™
=1.60 x 107°C
h=6.63x10*Js
u=1.66x10%kg
me =9.11 x 1073"kg
m, = 1.67 x 10" kg
R =8.31JK " mol™
Na = 6.02 x 10%mol™
k=1.38 x 102 JK™"
G = 6.67 x 107" Nm?kg™

g =981ms™
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Formulae
uniformly accelerated motion

w

work done on/by a gas

hydrostatic pressure

gravitational potential

temperature

pressure of an ideal gas

mean translational kinetic energy of an ideal gas molecule

displacement of particle in s.h.m.

velocity of particle in's.h.m.

electric current
resistors in series

resistors in parallel

electric potential

alternating current/voltage

magnetic flux density due to a long straight wire

magnetic flux density due to a flat circular coil

magnetic flux density due to a long solenoid

radioactive decay

decay constant
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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 angle to the horizontal
bench, as shown in Fig. 1.1.

block ~

slope
horizontal bench

Fig. 1.1
The block is then released from rest at time t = 0.

(a) Describe the motion of the block down the slope.
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(b) The variation with time ¢ of the displacement s of the block is shown in Fig. 1.2.
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() On Fig. 1.2, draw a tangent to determine the speed of the block at time ¢ = 0.20s.

a5, gt s g

- - ——— =

AC X, ~¥2 U.g—o'[ 4

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

Voutelt
B R el T T
t 0 )
acceleration = ................ 650 ! ms—2 [2]
[Total: 5]
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A ball of mass 0.62kg is dropped from rest. It hits a horizontal surface and rebounds. The variation
with time t of the momentum p of the ball when not in contact with the ground is shown in Fig. 2.1.

4.0
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a0 :
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N

Fig. 2.1
(a) Calculate the kinetic energy E, of the ball as it makes contact with the surface.

= £ LB)‘ - §ac8ob

2m 2(0-h2

=263 (3s)
A
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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.

©

A Pr-p; —(§-32
I}a L, Fut= =L - f__[)_" = 7 . —2333N
AL at 068053

+) \ s ”ai
. W\Q" Lad
(E,Gj,)(q s;) (33 33

39418
314N (35%) X

(4]

c:l.—%<————

[}

I

(c) 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 to less
than 5.0% ofiits initial energy. Show your working.

< pob

KE befor WU ﬁwuwﬁe 8259067

PN S -
Ke affa Wity 47 20 v(w S2:b12d

% ke logs = §26804 —2:602 Moo% = 68%57%

820800 g 0
W= [wo%-é@%ﬁA:?}-b?oﬁ /p

A mwﬁhﬁ A{F« g5 Ao

o & o@( b\ < (o) [gﬂ)

(ke [a m (aoJrgt sifes

a (9 3{5%6 (ﬁ 60"’5) [Total: 10]
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A sign PQ and its support stand are in equnlbrlum on a horizontal surface, as shown in Fig. 3.1.

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 to the sign at point R where PR = Esg The support is at an angle of 43° to the
sign and exerts a force F on the sign. Force F is parallel to the support.

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

l__eqt L ba"f’gt ((haf'&ﬁf P8.

Tew= TACW
F(%‘}/&h%) 2 W(%;{m?ﬂ) ) W:ma

" F: 62—3)61-21)[42/)(&998](%) j IB*“['& :(;_[,\[(Bsf‘)
Sw43 A
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4 (a) Derive, from Newton’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 ma

pind, e
5{ M I:S GQ *ﬁ
:/’. ( kd h 3 F mass a't T""“"‘a"w

0 %: 2 fied

X

/ggom [1]

(b) _Assatellite 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%4kg situated at
its centre.

Determine the gravitational field strength g at the location of the satellite. Show your working.
= Fe
M e (2

é%xm*@(éx

. P 6
e P Jboo) . 1 4rqxi0 m

e

b-pxip ) (6 x 10°%) g
1 (%5 blag xu*)* A

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

Ana(:(&’(‘gfmas&,m & g whan acfed wbd +EQ ?M{_L{_lm{ docke

[Total: 8]
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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.

12

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 x from x =0 to x=0.4m.

A
V‘:P'h Iy / T A\
|
n\‘:_ "":_':-S—Zf.i = 02 " 'f fj ’l’
47 £ (300 e ,
intensity ramaL ) s JEH
’& | | | { \
/ \ Tk
A - A ) \ \ / \ i .
ﬂu\\ > b f \‘ fi \‘ v J
O 7
‘ 02 Y 0 0.1 0.2 0.3 0.4
x/m7T]
Io&P{l
Fig. 5.1
[3]
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(b) Asound wave has a frequency of 250 Hz and passes a point X.

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

T“ 1 - —-"" = 4ms A
- jt 260
pressure
1/ {/
i \ \
| I
0 Il \ I
0 4 l & ms gs
\ t/ms__}
ri Fi
\ i \ 4
/- -
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 r to 3r.

A
magnetic flux
; density
! \
p - oI K B
{&‘[ 3:-—_ = - z NG
Bs -
k IE)
*‘BL{?L' —
0
0 r 2r 3r
radius
Fig. 5.3
(3]
[Total: 8]
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(a) Alamp is connected in parallel to a resistor of resistance R. These are connected in series to
a resistor of resistance 3.0Q and a power supply of electromotive force (e.m.f.) 6.0V and of
negligible internal resistance; as shown in Fig. 6.1.

6

6.0V
o O

3.00 (hp
L

)
) 34 RL; g,-ﬂ..
Fig. 6.1

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

]
<

(i) Determine the resistance R.UShow your working.
5 34 A5 sk
VL =TR. U Hwa Liae — = 57°
3
:(o-@)(g)
(SV

1

H%ﬁe(?a KC-Lr ’IK_{ 9.;—'" A—
- ; * A‘\l‘r {h o ’e E':
‘__—fz_&_l’_{.’——i___ "EI

. vR ‘“1:. R&
E'. V1?., vl. {-( C';g,{-}
! x5 — = 7 =z [[26
R= oot A Q 3]
(ii) The power supply transfers 120 J of energy to the circuit.
Determine the energy transferred in the lamp. Show your working
fr= Vi It =007
Do (>0 S -
t-! : = (3233239 (ﬁw&m‘m>
\f,r I{’, (L ) O 'f)
S E—L_: UL IL-&
- Clxg)(o-;)((z-zzaz)
= 003 (3s0)
X
ENErgy = wovoeerennn. ) 600 J [3]
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(ili) Explain why the current in the filament lamp is greatest when the current is first switched
on.

b g 15 fiok Sthad o, s opilie (5 s and hses it eicbuls o

%wﬁL% ..... @'mr_.}.ﬂfﬁ..L@ﬁﬁ«...lﬁ%..@.&@f.@._.s{if%f.i'.‘.‘?.Ld,.,). ........ dm“waww ...... &

(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 o
X Y
Fig. 6.2
, . . x|
Wire X has half the radius of wire Y. Ve - =

The drift velocity of the electrons/n wire X is three times the drift velocity of the electrons in

wire Y. Vx
VR
Determine the ratio ér

number density of charge carriersin Y _ :?i
number density of charge carriers in X’ 7/x

Show your working.

Faomn T*"Lﬂ""b A Qe 1 ’?ﬁw Jemaé X &Y i ’l’E-LQ«wl

13l g
i mu\ x

%: p- #S0 (”'F) ratio = b ¥o (3]

[Total: 11]
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In the original Rutherford alpha particle scattering experiment, alpha particles were fired at a thin
gold ("2/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.

%_a{mdf’ ' 90" Vera ]&w d r«ﬁ"ofw o | Bﬂua) were defleded - a sextfan “’”@{‘ _______ ‘T n Kivn

169 Sqpestin g o hesdon slicion il fh qid ke This s Hat He st of Ay
&+w)»1 i 8 (w.?% é‘f’ﬂﬁ»n) 5 Foc:‘ﬁ'ue% Wd vl oaled a/‘pfmx:w?e% Hhi iinhe équm .

mass distribution

voof Sl (5 of abw) | pisitie, vonbini oo o mass of The atom (pots and nabons),
—kpﬁmmﬁdffhfi"of’w'fv pe o] Alimest Back iods’ {D [4]

(b) The alpha particles had an initial energy of 5.59MeV when a long distance from a gold
(9{Au) nucleus.

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

By Lok, KE [0 = EPE goesr-
5‘5?”/&!/"*&

4T, ¢ > 4o~
;& ! e 19 50" (100800 @) (70 - 4045 x0
A AR I SV

4 07x0" ! (350
B

1
separation = ........... GOFXO i, m [3]
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(c) Alpha particles may be produced from the radioactive decay of an isotope of radon (*Z2Rn)
into 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 total kinetic energy of 6.62MeV.
The binding'energy per nucleon of radon is 7.69 MeV.

Determine the binding energy per nucleon of polonium. Show your working.

(&
2;; Ro —> THe 84 fo

foiS = (J-é?)(uz) = /70718 Mel/
Erus (4)(4193) + (218)(BEpo) =852 218 EEp

Qe ey telosnidy Enns > Evns gz, (.62 Mel

(ZoF 1Ml + {42 Mel/ = 2€32Mell # Q18 BEp
/’{ma. BE = T =773 /he%c/m (3916)
s

binding energy per nucleon = ... MeV [4]

[Total: 11]
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Read the passage below and answer the questions that follow.

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 he X-ray tube is illustrated in
Fig. 8:1.

vacuum

X-ray

tube

~v
\I\\\
electron — heavy metal

beam target

e bt

heated filament

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 65 A v
beam current/A 0.12 T
exposure time/s 1.1 N
~t

I © UCLES & MOE 2021 % 9749/02/0/N/21 [Turn over l
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The deceleration of the electrons at the targ%}t results in the emission of X-ray photons. These
X-ray photons cover a range of wavelengths gs shown in a simplified form in Fig. 8.2.

A

intensity \
\
\\

wavelength

Fig. 8.2

The broad spectrum of photons is produced by the deceleration of the electrons by differing
amounts. Only 1% of the electron beam energy becomes the energy of X-ray photons, with the
remaining 99% dissipated as thermal energy.

As the X-ray beam passes through matter, its inteRsity is atténtated (reduced) by a number
of processes. One of these is the Compton 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

Mo :g_; is the dominant process and the attenuation throtigh-matter 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.
\. o X-ray photons that usefully contribute to the X-ray image travel straight through the body.
Aosc

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 exponéntially. The transmitted intensity depends on the thickness x of
the matter and the linear attenuation coefficient « of the matter. This is similar to the exponential
decrease with time in the activity of a radioactive element. A successful X-ray image has a good
contrast if there are significant differences between the transmitted X-ray photon intensities in
different regions 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 containing barium (Z = 86) in order to
investigate their digestive system.

In X-ray imaging, a single exposure to X-rays is used to produce a two-dimensional image of
an object. Computed tomography (CT) scanning uses X-ray beams in order to 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 a three-dimensional image.

.

I © UCLES & MOE 2021 9749/02/0IN/21 I
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(a) Explain why the X-ray tube is evacuated.

(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.
(3]

(c) (i) Calculate the thermal energy produced in the target as a result of producing a typical
X-ray image.

Hotl Gy = 1174 f Eleilron Ep. = (099) V1L
27? ;ﬂ »ﬁﬁ =(04%) (émaa)(aﬁ)(z-()

= 49+ %
= 84?0 J_(?S‘F)
energy = ............ 51’(% ................................. J [2]

(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-".

@:moﬁ

5 4. 84942 S ;4;0 Z[ss]c)

Me R /‘{;%)//36)

temperature rise = .l °C[2]

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

9749/02/0/N/21 [Turn over I
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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 scattered
X-ray photon. Label your diagram. >

incident photon

PRSP AT
electron
y 7{“ pathof oledor
Fig. 8.3 el
[2]
(i) State and explain the change, if any, of the wavelength of the X-ray photon due to

scattering.

Mom(ujfﬂ Meresses - Lohen e photrn istwecdat % oledan | %,gcea Lowe.

(ili) Suggest the effect on the X-ray image of photons produced by Compton scattering.

Drch Lo, (ol e phin” lesy e bl art thy Dol

(e) An X-ray beam is attenuated in matter due to the photoelectric effect.

Calculate the ratio

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

Plencatin & 2~
Zey :'Z) Zg =4

7% 2
QA‘A‘@:({?) = :(3]'00[33;) § 0o

# FALO = ot [1]
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() Derivetan expression, in terms of the linear attenuation u, for the thickness x, jp Of matter

needed to decrease the intensity of a parallel X-ray beam to half of its incident intensity. Show

your working. :
__Mx 7&& [n mm 607[£ “‘6{;”;
Fon L g " h2
X =14
7 e
- :Zoe. /ﬁ%
2 M % :/
[ [
A% 2
AK
S5 e TR | [2]

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

Tt wlows "fgﬁwwﬂf‘“ﬂ%fw“f@wmw&”ﬂfﬂwx .....

(h) Explain why a patient drinks a barium solution in order that a successful image of the digestive

(i)

system may be produced.

Botar, ik og o 2 vilecof 6, ponld pdice o loger atfimnton of

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

b 7, '><7 bt Spils e W ol Folog g Koy

- Y S oy Gl
(T Somn - /‘Zp X’@ZGJ o Jom °7f ! J'ﬁ et ¢ y(‘w?{ ,&V‘i &[_:0:‘;: 22]
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