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the Planck constant
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3.00 x 108 ms™

47x 107 Hm™
8.85x 1072 Fm™

(17 (36m) x 10° Fm™
1.60x 10" C
663x10* Js

1.66 x 107 kg

9.11 x 107 kg

= 167 x107 kg

8.31 J K" mol™

6.02 x 107 mol™
1.38x 1072 JK™
6.67 x 107" N m? kg™
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Formulae

uniformly accelerated maotion

work done on / by a gas
hydrostatic pressure
gravitational potential

temperature

pressure of an ideal gas

mean translational kinetic energy of an ideal molecule

displacement of particle in s.h.m.

velocity of particle in s.h.m.

electric current
resistors in series
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electric potential
alternating current/voltage
magnetic flux density due to a long straight wire

magnetic flux density due to a flat circular coil
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radioactive decay

decay constant
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Section A
Answer all the questions in the spaces provided.

The Poiseuille equation relating the volume flow rate % of a fluid under laminar conditions

through a horizontal tube of length L and intemal radius ris

_apr'
8nL

where p is the pressure difference between the two ends of the tube and 7 is the viscosity of the
fluid.

(a) Show thatthe Sibase units for 77is kg m™* s

(2]

(b} In an experiment to determine 7 for water, a student recorded the following measurements
in Si units, as shown in Table 1.1.

Table 1.1
quantity magnitude in Si units percentage uncertainty / %_1
s
v
T 1.0x107° 3
P Py,
P 500 2
L 0.20 0.5
-
The intemal diameter of the tube was measured and recorded as (0.200 = 0.002) cm.
(i) Calculate the percentage uncertainty in the internal radius r of the tube.
percentage UNCertainty = ......cvmerermrssssssssenes % (1]
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(i) Using the results in Table 1.1 and (b)(i), determine n with its associated uncertainty.
Give your answer to an appropriate number of significant figures.

p = s kg m' s [4]

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

(i) State and explain which measured quantity has the greatest contribution to the
uncertainty of # .

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

............................................................................................................................................. (1]
[Total: 8]

N'
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2 Two atoms X and Y, have masses 3m and 2m respectively. The 2 atoms move head-on towards
each other with the same speed v as shown in Fig. 2.1

v v
_._’ 4—-—
O O
X Y

Fig. 2.1

Fig. 2.2 comprises two velocity-time graphs A and B, which show how the velocity of each atom
varies with time. The interaction between the atoms is elastic. '

velocity 1

Fig. 2.2 (not to scale)

{a) (i) Explain why it is not possible for the atoms to stop at the same instant.

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

(ii) At one instant during the interaction between the atoms, they are both travelling in the
same direction with the same speed. Calculate this speed, in terms of v.
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(b} (i) State and explain, which of the curves A or B is the velocity-time sketch for atom Y.

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

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

(i) On Fig. 2.2, mark the instant in time at which the atoms are at their distance of closest
approach. Label this point T. [1]

(iif) Determine the final speed of each atom in terms of v.

final speed of X =

finalspeedof Y= ... ... ... [3]
Py
[Total: 10]
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3 A 2.0 kg block on a track is released at A, 1.0 m above the ground as shown in Fig. 3.1. The
track is frictionless except for the rough surface between B and C, which has a length of 2.0 m.
The block travels down the track, hits the spring of force constant k = 225 N m' at D and
compresses the spring by 0.20 m from its equilibrium position before coming to rest momentarily.

{(a) (i} Determine the speed of the block at B.

speed at B = coooeeiniiiinnnnn m s [2]

{ii) Calculate the maximum elastic potential energy stored in the spring.

S,

elastic potential €NEIgY = «oeueerveaneeanen J[1]

(iii} Using your answers to (a)(i) and {ii), determine the work done against friction when the
block travels from B to C.

work done against friction = ......covreaenenne J[2]
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{b} The block subsequently rebounds and moves towards B after the spring un-compresses
itself. Determine the distance along the track from C where the block finally stops.

distancefrom C = .......coceeennnn. m [3]

[Total: 8]

4 A laser produces a narrow beam of coherent light of wavelength 632 nm. The beam is incident
normally on a diffraction grating, as shown in Fig. 4.1.

—
~

Fig. 4.1

(a} Describe how diffraction of light takes place at the grating.

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

.........................................................................................................................................................
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{b) The diffraction patiern on the screen is shown in Fig. 4.2. The brightest spotis O. The two
bright spots closest to O is 3.5 cm away from O.

3.5¢cm 3.5cm

Fig. 4.2 (Not to scale)
The diffraction grating is placed 10 cm from the screen.

Determine the number of lines per metre on the grating.

number of liNes Per MEIre = ... .c.ceessmmimresmssssnsrsasesanes [3]

(c) A second laser is directed normally to another diffraction grating with the same number of
lines as in (b).

Describe and explain how the new appearance of the diffraction grating pattern provide
evidence for any changes to the following. T,

(i) the wavelength of the second laser,

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

..................................................................................................................................................
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(d} The diffraction grating in (c) is added directly in front of the first grating such that the

orientation of the two diffraction gratings are perpendicular to each other. The diffraction
pattern in Fig. 4.3 is observed.

ol

i

& =
Fig. 4.3

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

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

(e) A student sets up the apparatus in Fig. 4.1 but rotates the diffraction grating by 45° such
that the laser is no longer normal to the grating.

Suggest and explain whether the position of the brightest spot O in Fig. 4.2 will change.

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

[Total: 10]
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5 Two stars A and B are separated by a distance of 1.2 x 10'° m as shown in Fig. 5.1. x is the
distance from the centre of star A, in the direction toward the centre of star B.

starA{ v-d-c-e-o-mmmmemmmmm oo mE T T star B

1.2%x10%m
Fig. 5.1
The variation with x of the gravitational potential ¢ due to the two stars along the line joining their
centres is shown in Fig. 5.2.

x{10°m

0o 1 2 3 4 5 6 T 8 9 10 1 12
0.5,

061

0.7

¢ /108 J kg™

'1‘5 S T ) RS B R U B it i ?'
surface of surface of
star A star B
Fig. 5.2

A body is launched with kinetic energy E, from the surface of star B.
The body then arrives at the surface of the star A.

(a) Define gravitational potential at a point.
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(b) Use Fig. 5.2 to explain whether the kinetic energy of the body when it arrives at the surface
of star A is less than, equal to, or larger than Ex.

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

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

{c) State and explain the distance x at which the resultant gravitational field strength due to the
two stars is zero.

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

.................................................................................................................................................... 12
(d) Determine the ratio average density of star A .
average density of star B
b
ratio = e (3]
[Total: 8]
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Fig. 6.1

square wave supply
The power supply provides a square wave voltage that cycles between + 70Vand-7.0Vas

6 A power supply is connected across a load as shown in Fig. 6.1.
shown on the oscilloscope display in Fig. 6.2.
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(b) Determine the frequency of the square wavé given that the time base is 5.0 ms / div.

e HZ [1]

frequency of square wave

(¢} The root-mean-square value for the square wave in Fig. 6.2 is 7.0 V. Explain the significance

of this value.

(d) A diode is used to achieve rectification of the square wave.

On Fig. 6.3, sketch the new waveform. The original waveform in Fig. 6.2 has been

(1]

reproduced as the grey line shown.
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(e} With the diode stillin place, the power supply is replaced by another one which is sinusoidali.
Determine the value of the peak voltage such that the average power dissipated in the ioad
remains the same as the value given in (c}.

peak voltage = V(2]

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

[Total: 7]

7 {a) X-rays are produced in an X-ray tube when high-speed electrons are accelerated toward
and hit a metal target. Fig. 7.1 shows the variation with wavelength of the intensity of X-ray
radiation emitted. -

F

intensity K
0 : >
22 wavelength / 107" m L

Fig. 7.1

(i) Explain why thereis a continuous distribution of wavelengths.

..................................................................................................................................................
..................................................................................................................................................
..................................................................................................................................................
..................................................................................................................................................
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{ii) A series of characteristic lines shown by the high intensity peaks, such as K, are
ohserved in Fig. 7.1.

1. Calculate the energy difference, in keV, associated with the characteristic line K.

energy difference =

2. Suggest why there are other series of characteristic lines produced at wavelengths
longer than K.

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

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

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

Question 7 continues on the following page.
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{b) A simple model of an atom with one electron can be represented by the electron as a
stationary wave confined in a box of length 1.0 = 10-'° m equal to the diameter of the atom,

as shown in Fig. 7.2

-« >
diameter of atom = 1.0 x 107°m

Fig. 7.2

(i) State the uncertainty in locating the position of the electron.

uncertainty in POSIION = .. e

(i) Calculate the uncertainty in the velocity of the electron.

uncertainty in VEIOCY = ......wereronsssmsmmmmsesssssenss

iameter of an atom.

{iii) The diameter of a nucleus is 10* times smaller than the d
be found inside the nucleus.

Using the model above, suggest why an electron cannot

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

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

[Total: 9]
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Section B
Answer one question from this Section in the spaces provided.

8 This question is on the common last topic of Nuclear Physics and will not be assessed.
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9 Acycle of changes in pressure, volume and temperature of gas inside a cylinder of a petrol engine
is illustrated in Fig. 9.1. The gasis assumed to be ideal.

pressure
/105Pa |- ¢ temperature at C = 1960K
444-
1.00 ; temperature at A= 300K
H I
0 i ;
0 50 750

volume/ 1075 m3

Fig. 9.1 (not to scale)

There are four stages in the cycle.

stage description o

AtoB Rapid compression of the gaseous petrolfair mixture with the temperature
rising from 300K atA. The pressure at Bis 44 x 10°Pa.

BioC The petrolfair mixture is exploded, resulting in an almost instant rise in pressure.

At C the temperature is 1960K.

CtoD | Rapid expansion and cooling of the hot gases.

a4
DtoA | Return to the initial state of the cycle.

|

(a) (i) Using appropriate values from Fig. 9.1, determine the number of moles present in the
gases in the cycle.

number of moles = mol [2}

NYJC 2021 9745/03/)2Prelim/21
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(i) Calculate the temperature of the gas at B.

LeMPErature = . ..eeeeeeevesvennnnaad) K1[2]
{iii} Calculate the pressure of the gas at C.
PressuUre = . . eeveereeseeeenesennnn, Pa[2]
{(iv} State
1. the numerical value of work done by the gas from B to C,
..................................................................................................................................... f1]
2. whatis represented by the area ABCD enclosed by the graph.
..................................................................................................................................... (2]

(b) Complete Table 9.1, which shows the work done on the gas, the heat supplied to the gas
and the increase in internal energy of the gas, during the four stages in the cycle.

Table 9.1
stage work done on heat supplied to gas | increase in internal
gas /J energy of gas
nJ IA;
AtoB + 360 0
BtoC + 670
CtoD 0 ~810
DtoA
[4]
NYJC 2021 9749/03/J2Prelim/21 [Turn over
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(c) The efficiency of this engine is th
to the gas. Calculate the efficiency of this cycle.

efficienCyY = ... rrenaes

(d) Using the First Law of Thermodynamics, explai
of the gas will increase, decrease Or remains the same w

CtoD.

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

(e} Explain, in terms of the ¢
why an expansion results in a change in the kinetic en

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

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

(f) Calculate the total kinetic energy of the mol

total KiNetic ENErgY = .cuvemeerenss

End of Paper
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......................

ollision of the molecules of the gas with the walls of the contai
ergy of the molecules from C to D.

ecules of the gas at C.

e ratio of the net work done by the gas to the heat supplied

n whether the r.m.s. speed of the molecules
hen the gas expands rapidiy from

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

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

ner,

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

[Total: 20}
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Section A
Answer all the questions in the spaces provided.

1  The Poiseuille equation relating the volume flow rate \4:— of a fluid under laminar conditions

through a horizontal tube of length L and internal radius r is

v aprt
t 8nL

where p is the pressure difference between the two ends of the tube and # is the viscosity of the
fluid.

{a) Show that the St base units for iskgm's'

oI}

- 7
Y
Lt
_kgm's®em®
mem®s’”

| I

=kg m's" (shown)

(2]

(b) In an experiment to determine 7 for water, a student recorded the following measurements
in SI units, as shown in Table 1.1.

Table 1.1
quantity magnitude in Si units percentage uncertainty I %
% 1.0%10° 3
P~ 500 2
L 0.20 0.5 J

The internal diameter of the tube was measured and recorded as (0.200 * 0.002) cm.

(i) Calculate the percentage uncertainty in the internal radius r of the tube.

d=2r

Ad Ar

d r
0.002

x100%

% uncertainty = 0200

=1% or 1.0% (1 or 2 s.f.) [A1]

percentage uncertainty =

NYJC 2021 9749/03/J2Prelim/21
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5

(1)} Using the results in Table 1.1 and (b)(i}, determine 5 with its associated uncertainty.
Give your answer to an appropriate number of significant figures.
apr’

SL(\:j

M_:zxsoox(o_mxm’?)"

8x0.20x1.0x107"
=9.817x10* kgm™ s [C1)

ﬂ:%+4£+i{t+ﬂzi

nop ro L Vfr

27 0,02+ 4(0.01)+0.005+0.03 [M1]
. |

=0.095
Anp=0.095x9.817x10"*
=9.326x107°

=9x10" kgm' s' (1s.f) [A1] recognise As to 1.1,
n+An=(9.840.9)x10"kgm' s’ [A1] recognise i to same d.p.as An

= ererscceetssaesrannsans t kg m s [4]

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

(iif) State and explain which measured quantity has the greatest contribution to the
uncertainty of 7.

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

{Total: 8]
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2  Two atoms X and Y, have masses 3m and 2m respectively. The 2 atoms move head-on towards

each other with the same speed v as shown in Fig. 2.1.

v v
+

e

O O
X Y
Fig. 2.1

Fig 2.2 comprises two velocity-time graphs A and B, which show how the velocity of each atom

varies. The interaction between the atoms is elastic.

velocity

Fig. 2.2 (not to scale)

(a) (i) Explainwhy it is not possible for the atoms to stop at the same instant.

to stop at the same instant as then the total momentum of

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

interaction between the atoms, they are both traveling in the

(i) At one instant during the
ame speed. Calculate this speed, in terms of v.

same direction with the s
From the principle of Conservation of momentum:.

Total initial momentum = total final momentum

3mv — 2mvy =3mu +2mu
u=0.2mv
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(b} (i} State and explain, which of the curves A or B is the velocity-time sketch for atom Y.

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

Ruring, the collision, by Newton’s third law, X and Y, will experience a force of equal.

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

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

For momentum to be conserved, the magnitude of the change in momerttum of X is
equal to the magnitude of change in momentum of Y. Since the mass of Y is smaller,

the change in velocity for Y will be larger, which is the curve A.

(i) On Fig. 2.2, mark the instant in time at which the atoms are at their distance of closest
approach. Label this point T. (1]

(1it} Determine the final speed of each atom in terms of v.

Let V. be the final speed of X and V, be the final speed of Y.
Since the collision is elastic:
relative speed of approach = relative speed of separation,

v-(-v)=V, -V,
2v=V, -V, ...(1)

By the principle of Conservation of momentum:
3mv -2mv =3mV, +2mV,

v=3V, +2V, ... (2)
Solving equation (1) and (2):

V, =—06v
V., =14v
final speedof X = ... ...
finalspeedof Y=.... .. ... ... [3]
[Total 10]
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3 A 2.0 kg block on a track is released at A, 1.0 m above the ground as shown in Fig. 3.1. The
track is frictionless except for the rough surface between B and C, which has a length of 2.0 m.
The block travels down the track, hits the spring of force constant k = 225 N m™' at D and
compresses the spring by 0.20 m from its equilibrium position before coming to rest momentarily.

20m
Fig. 3.1

(a) {i) Determine the speed of the block at B.

By the Principle of conservation of energy:
Loss in gravitational E, = Gain in E,

1,
mgh=—mv -0
2

v =+/2gh
=J2(

J2(0.81)(1.0) =443 ms" "

speed atB = .......o.e.

(i) Calculate the maximum elastic potential energy stored in the spring.

1 .
Energy stored in spring = 3 fx”

1 :
- (225)(02)

- 454 B

elastic potential energy = ......

(iii) Using your answers to (a)(i) and (ii), determine the work done against friction when the

block travels from B to C.
Work done against friction = £, ., — Eoigomng)
1 M1
:5@0N4mf45[]

=151y B!

work done against friction = .........
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{b) The block subseguently rebounds and moves towards B after the Spring un-compresses
itself. Determine the distance along the track from C where the block finally stops.

frictional force = -2 _ 7.56 N M
2.0
If all the energy stored in the spring is used to do work against friction,
W - fd
4.5=(7.56)d
d =0.596 m

[M1]

[A1

distancefromC=..........cceeuue m [3]

[Total: 8]

4 A laser produces a narrow beam of coherent light of wavelength 632 nm. The beam is incident
normally on a diffraction grating, as shown in Fig. 4.1.

—
~__

Fig. 4.1

{(a) Describe how diffraction of light takes place at the grating.

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

.............................................................................................................
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(b) The diffraction pattern on the screen is shown in Fig. 4.2. The brightest spot is O. The two

bright spots closest to Ois 3.5 cm away from O.

-
35cm 3.5cm

Fig. 4.2 (Not to scale)
The diffraction grating is placed 10 cm from the screen.

Determine the number of lines per metre on the grating.

tang="2 [M1]
10
dsing =(1)A [M1]
1

no of lines per metre = =523x10° [A1]

d

number of liNes per MEtr8 = ... veeimsnsrssmsssnsianss [3]

(c) A second laseris directed normally to another diffraction grating with the same number of

lines as in {b).

Describe and explain how the new appearance of the diffraction grating pattem will allow
the follqw‘iﬁg to be deduced.

(ij the wavelength of the second laser

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

a_:_wg_le pf diffraction will increases . Hence tl}f—: wgvelepgth_pf_ tﬁ(_a__e‘,q_(_;c_a_nc_i__lg_sq wmbe

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

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

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

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

is rotated by 90 degree as the slits is now horizontally instead of vertical.
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(d) The diffraction grating in (c) is added directly in front of the first grating such that the
orientation of the two diffraction gratings are perpendicular to each other. The diffraction
pattern in Fig. 4.3 is observed,

& B
ey S
£ Ei

& i
]
|
Fig. 4.3

Suggest how the pattern in Fig. 4.3 is formed.

When the light is incident on the first grating, the pattern shown in Fig. 4.2 will be seen.

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

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

bright spots in Fig. 4.2 or they are spread twice by each grating .

(e) A student sets up the apparatus in Fig. 4.1 but rotates the diffraction grating by 45° such
the laser is no longer normal to the grating.

Suggest and explain whether the position of the brightest spot O in Fig. 4.2 will change.
The position of the bright spot O will not change as the path difference between light

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

[Total: 10]
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d by a distance of 1.2 x 10" m as shown in Fig. 5.1. x is the

Two stars A and B are separate
d the centre of star B.

distance from the centre of star A, in the direction towar

star B

star A

1.2%x10"%m
Fig. 5.1
The variation with x of the gravitational potential ¢ due to the two stars along the line joining their
centres is shown in Fig. 5.2.

0 1 2 3 4 5 6 7 8 g 10 11 12

$110°J kg

surface of
star B

surface of
star A
Fig. 5.2

A body is faunched with kinetic energy Ex from the surface of star B.

The body then arrives at the surface of the star A.

(a) Define gravitational potential at a point.
!..f.‘F?!F?..i.S...".*l‘i.‘.’.".9!!5.99.'1?:.E??.’..H'.‘.‘E.T.‘l’i‘.?.s...?ﬁ.{.

an external agent in bringing a small test mass from infinity to that point ™1 .

----- qamEmsmEsussEEEERAEEEEEEeETEEEALEESRNEE A L LLEE LR DL
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(b) Use Fig. 5.2 to explain whether the kinetic energy of the body when it arrives at the surface
of star A is less than, equal to, or larger than E,.

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

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

(c) State and explain the distance x at which the resultant gravitational field strength due to the
two stars is zero.

The magnitude of the potential gradient is equal to the gravitational field strength, which is

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

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

average density of star A

{d} Determine the ratio - .
average density of star B

At x=4.8x10" m,

Tg=0 [(M1]
9.=9s
GM, GM,
r ra
_GPA 7R _Gps 3Ry
r B r?
Pa _ Rar? __ (25x10°)’(4.8x10°F M1]
Py RyE (1.0x10°P[(12.0 - 4.8)x10°)
1 _g9 [A1]
Ps
Alternatively,
M, _GM,
o Ta Ten
b _GM,  GM,,
rAB rBB
My M
-1.26x10° _ 1.0x10° "~ 11.0x10°
_1 10 X 108 ,,,,,,,,,M'a- N ._._...MH,,,,,,,,
9.5x10° 2.5x10°
Ms 04176
MB
_A:_Mix,vi:_ﬂ._x —;;’rR;
Py s Vo My $2R}
3 3 A
M B 04176525210 ) 65 FAUO = oeressssemnnenreee [3]
s R, (1.0x10%)
[Total: 8]
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A power supply is connected across a load as shown in Fig. 6.1.

6

oscilloscope

J-

square wave supply

The power supply provides a square wave voltage that cycles between + 7.0 V and—7.0V as

shown on the oscilloscope display in Fig. 6.2.

Fig. 6.1
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Fig. 6.2
(a) Determine the Y-gain for the oscilloscope based on the waveform shown in Fig. 6.2

[M1]

o

—

[A1]

2.0V /div

V1 div[2]

Y-gain
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(b) Determine the frequency of the square wave given that the time base is 5.0 ms / div.

f:l-—iﬁ = 50 Hz [B1]
T 20x10

frequency of square wave = Hz [1]

(c} The root-mean-square value for the square wave in Fig. 6.2is 7.0 V. Explain the significance
of this value.

The value rs the equivalent value of the steady direct voltage supply that will supply

{d) A diode is used to achieve rectification of the square wave.

On Fig. 6.3, sketch the new waveform. The original waveform in Fig. 6.2 has been

reproduced as the grey line shown. (]
e mmeemn o R o e R R g e e o .
5 H ¥ ) 3 £ 4 H ¥ ¥ E
H i v i 5 3 H i 3 EoL s
i ¥ ¥ 1 H I £ ! i b
H H H i ¥ 3 ¥ t H H
H H H 1 & H H 1} £ i
q ] H k) £ ¥ E 1 H i
e fomm rin A IR - AU SO ST I -
t ] ] ¥ # i 3 ] ES 1 )
1 b 1 ¥ + ¥ H 1 3
S rrer——————— ¥ H -
] 1] + H t 1
i i 3 EH 3 1]
§ H i 3 H ' i
?v. mmmmmm E‘ mmmmmmmmmmmmmm i" ______ y--.-u‘-wnuéﬁA»u.ﬂ..m mmmmmmm f" _____________ r. mmmmmm
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(e) With the diode still in place, the power supply is replaced by another one which is sinusoidal.
Determine the value of the peak voltage such that the average power dissipated in the load

remains the same as the value given in (c}-

Vpeak =Vrms x 2 =H7.0)(2) [M1]
Voo = 14V (A1)
peak VORAGE = .. .eremeersemssrmsnssesnmsssenene V2]

[Total: 7]

7 (a) X-rays are produced in an X-ray tube when high-speed electrons are accelerated toward
and hit a metal target. Fig. 7.1 shows the variation with wavelength of the intensity of X-ray

radiation emitted.

f
intensity K
0 ! >
22 wavelength / 107" m

Fig. 7.4

(i} Explain why there is a continuous distribution of wavelengths.

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

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

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

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

d [B1] - exptain why continuous wavelengths e [2]

waveiengths emitte

............................................................................
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(i) A series of characteristic lines shown by the high intensity peaks, such as K, are
observed in Fig. 7.1.

1. Caleulate the energy difference, in keV, associated with the characteristic line K.

et
A
34 B

:6.53x’10 XS;?X10 [C1]

2.2>10°

=904 107" J

15

90410~ _se5kev 0 (Aq)

1.6x107"° x10°

energy difference =

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

2. Suggest why there are other series of characteristic lines produced at wavelengths
longer than K.

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

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

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

[B1] ~ explain why longer wavelengths

Question 7 continues on the following page.
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h one electron can be represented by the electron as a

(b) A simple model of an atom wit
0 x 10-™° m equal to the diameter of the atom,

stationary wave confined in a box of length 1
as shown in Fig. 7.2.

4 Ll

diameter of atom = 1.0 x 107 m

Fig. 7.2

(i) State the uncertainty in locating the position of the electron.

A . -10 fAl]
uncertainty in position = . 10210 1]
OR 5.0 x 107"
(i) Calculate the uncertainty in the velocity of the electron.
AxApzh
mAv = h
Ax
- 6563x107™
{9.11x1077)(1.0x107)
Av27.3 x10° ms’ B1]
uncertainty in VElOCY = .....cvmncssmsmmrrssnsensns m s [1]

times smaller than the diameter of an atom.

(i) The diameter of a nucleus is 104
why an electron cannot be found inside the nucleus.

Using the model above, suggest

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

B1]

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

[Total: 9}
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Section B
Answer one question from this Section in the spaces provided.

8 This question is on the common last topic of Nuclear Physics and will not be assessed.
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9  Acycle of changes in pressure, volume and temperature of gas inside a cylinder of a petrol engine

is illustrated in Fig. 9.1. The gas is assumed to be ideal.

pressure

/105Pa _-.-WC temperature at C = 1960K

444

temperature at A = 300K

volume/107%m3

Fig. 9.1 (not to scale)

There are four stages in the cycle.

stage description

Ato B Rapid compression of the gaseous petrolfair mixture with the temperature
rising from 300K at A. The pressure at B is 44 x 10°Pa.

The petrolfair mixture is exploded, resulting in an almost instant rise in pressure.

BtoC At C the temperature is 1960K.

CtoD Rapid expansion and cooling of the hot gases.

DioA Return to the initial state of the cycle.

(a) (i) Using appropriate values on Fig. 9.1, determine the number of moles present in the
gases in the cycle.

pV =nRT

(1.00x 10°)(750 x 10°°) = n{8.31}(300)
n =0.030 moles

nuMber of MOIBS = ....eceeeeeerrerrrcssmnesserenaees mol [2]
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{ii} Calculate the temperature of the gas at B.

PVa _ PsYs
T T,
Py =nRT 100%10°)(75010%) (44
(44 x10°)(50 x 10"} = n(8.31)(T,) or (1.00 3)(§O * )_
T, =880 K
T, =880K
temperature = ..o
(iii) Calculate the pressure of the gas at C.
Ps _Pc
PV, =nRT, 75-8 T
N 44x10°) p
P.)50x10") = n(8.31)(1960 or ( =<
(P, )50 10°) = n(8.31)(1960) 280 = 1965

p. =9.8x10° Pa

(iv) State

(44 x10°)(50%10°%)

pressure =

p. =9.8x10° Pa

1. the numerical value of work done by the gas from B to C,

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

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

(b) Complete Table 9.1, which shows the work done on the gas, the heat supplied to the gas
and the increase in internal energy of the gas, during the four stages in the cycle.
R

Table 9.1
stage work done on heat supplied to gas | increase in internal
gas fJ energy of gas
1J 1J

AtoB + 360 0 360

BtoC 0 + 670 670

CtoD - 810 0 - 810

DtoA 0 - 220 — 220
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(¢} The efficiency of this engine is the ratio of the net work done by the gas to the heat supplied
to the gas. Calculate the efficiency of this cycle.

work done by gas
heat supplied

~ 810-360

T 670

=67%

Efficiency=

EEICIENCY = oo oosseeseeeeresssnenrssesesessssssns 1)

(d) Using the First Law of Thermodynamics, explain whether the r.m s. speed of the molecules
of the gas will increase, decrease or remains the same when the gas expands rapidly from

C to D.
.".‘..§?.a.§3.‘?..9...F‘?..E:..Q‘EQ?F.‘}!E?..‘.".’.‘?IK ‘.3...9’.9!!5?..9!‘..}*.‘.?.9..?‘.?:..(9.?‘.:“’..?ﬁ..?:?‘.[‘?ﬁ!.‘.‘.’.‘?.‘.’)..f:[\‘..'.?..E?.‘?..E?.’E‘.t..i.s..

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

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

This is an ideal gas, so the internal energy is equal to the microscopic kinetic energy

and thus the root mean square speed of the molecules will decrease. (81

{e} Explain, in terms of the collision of the molecules of the gas with the walls of the container,
why an expansion results in a change in the kinetic energy of the molecules from C to D.

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

() Calculate the total kinetic energy of the molecules of the gas at C.

K= N[§ kT}
2

-~ (0.030%6.02x10%)] %J(mss «10 2)(1960)
\

=732 J
total KINBC ENETQY = . .reemercssmsssnsssmssassnassnses J12]
[Total: 20]
End of Paper
NYJC 2021 9749/G3/J2Prelim/21

www.testpapersfree.com





