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Data

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 ele_ectron.
rest mass of proton,
molar gas constant,

the Avogadro constant,
the Boltzmann constant,
gravitational constant,

acceleration of free fall,

GEJC 2021

¢ = 3.00x10°ms"
Ho = 4mx 107 Hm

£s = 88510 Fm?
(1436 1)) » 10 F m-!

e = 160x10"C
f = B6B683x10*Js
u = 1.66x 107 kg
me = 911x10% kg
me = 1.67x 107 kg
R = 831 JK mol™
Na = 8.02 x 10?° mol™
k = 138x102 JK!
G = 667 10" Nm?kg=

g = 981ms?
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Formulae

uniformly accelerated motian,

work done on/by a gas,

hydrostatic pressure,
grévitati'onal 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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4
Answer all the questions in this Section in the spaces provided.

1 Two groups of students performed similar experiments to measure the acceleration due to
gravity g. Their results are shown in Fig. 1.1. :

10.60

10.40 +— - X

g/ms=

10.20

10.00 4 '

9.80 ' :

0.680 ¥— E —

0.40 4= X

8920

9.00

8.80

8.60

trial

® Group 1 results

X Group 2 results

Fig. 1.1
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The accepted value for gis 9.81 m s2.

Use Fig. 1.1 to answer the following questions. You should make calculations with clear working
in support of your answer.

State and explain which group of results has

(@)  larger systematic errors,

(b) larger random errors.

[Total: 4]
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2 (a) State Newton's second law of motion.

(b) A soccer ball of mass 0.20 kg is kicked from point A of a sloping ground as shown
inFig. 2.1. ' '

B
30%
Fig. 2.1 f
(i) Calculate the time of travel between A and B.
time = .. 5 [3]
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(ii)  The ball hits the slope at B as illustrated in Fig. 2.2,

=25 ms‘_]

Fig. 2.2

Calculate the change in velocity of the ball at B due to the impact.

changeinvelocity=........... ... m s~ [2]

(i) Calculate the resultant force on the ball at B, given the duration of impact is 0.050 s.

resultant force = N [1]

[Total: 8]

©EJC 2021 9749/02/J2H2PRELIMS/2021 [TU rm over

www.testpapersfree.com




8

3 Fig 3.1 shows a man pushing a wheelbarrow with a total weight of 100 N. At the instant shown,
the wheelbarrow is stationary. The dimensions of the wheelbarrow, the contact force R exerted
by the ground on the wheelbarrow, and the combined weight W of the wheelbarrow and the load
it carries are shown in Fig. 3.2. The force H exerted by the person on the wheelbarrow is not given
in the diagram. '

Fig. 3.1 Fig. 3.2

(a}) Given that the force R exerted by the ground on the wheelbarrow acts 73° above the
horizontal, determine the magnitude of R.

(b) Hence, determine the magnitude and direction of H.

magnitudeof H=.._.._..................................... N
direction of H = [3]
° [Total: 5]
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4 (a) Aforce Fis acting on a body of mass m that causes it to move with a velocity v. Given that
the body started from rest, show that the kinetic energy Fy of the body is given by

E, = %mr\/? '
[3]

(b) Fig. 4.1 below shows a vertical semi-circutar path which has a radius of 2.0 m centred at Q.
A point object of mass 3.0 kg is released from rest at P. The path exerts a constant frictional
force on the object and it reaches point Q where it comes to rest momentarily. The angular
displacement between P and Q with respect to Q is 145°.

P o

Fig. 4.1

(i} Calculate the frictional force exerted by the track on the object.

frictional force = N [3]

(i1} Calculate the kinetic energy of the object at the lowest point on the track.

Kineticenergy =................ SRR J{2]
[Total: 8]
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5 {(a} Anideal gas initially at 300 K undergoes expansion at a constant pressure of 2.5 kPa. The

volume of the gas increases from 1.0 m* to 3.0 m® and 12.5 kJ is transferred to the gas by

heat.

Determine the change in the internal energy of the gas.

change ininternalenergy = ............................. J[2]

{b) By reference to the first law of thermodynamics, state and explain the change, if any, in the
internal energy of:

{i} alump of solid lead as it melts at constant temperature

[Total: 8)
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6 ({(a) Fig. 6.1 shows an electron in an electric field, in a vacuum, at an instant when the electron
is stationary.

(ii)

(iin)

©EJC 2021

- electric field lines

electron
Fig. 6.1

On Fig. 6.1, draw an arrow. to show the direction of the electric force acting on the
stationary electron. _ [1]

The electric field causes the electron to move from its initial position.

Describe and explain the acceleration of the electron due to the field, as the electron
moves through the field.

A stationary proton is now placed in the same electric field at the same initial position
that was occupied by the electron.

Compare the initial electric force acting on the proton with the initial electric force that
acted on the electron. '

9749/02/J2H2PRELIMS/2021 . [TUH'I over

www.testpapersfree.com




12

(b) Two point charges A and B are separated by a distance of 12.0 cm in a vacuum,
illustrated in Fig. 6.2.

charge A P charge B

e

The charge of Ais +2.0 x 10° C.
A point P lies on the line joining charges A and B. Its distance from charge A is x.

The variation with distance x of the electric potential V at point P is shown in Fig. 6.3. .

VIOV

10

Fig. 6.3
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13
(i) A proton moves along the line joining point charges A and B in Fig. 6.2.

The proton moves from the position where x = 9.0 cm and just reaches the position
where x = 3.0 cm. '

Calculate the speed v of the proton at the position where x = 9.0 cm.

(ii} State and explain the value of x where the proton experiences the smallest electric

force.
................................................................................................................................. [2]
[Total: 10]
QEJC 2021 9749/02102H2PRELIMS/2021 [Turn over

www.testpapersfree.com




14

7 Fig. 7.1 shows an iron-cored transformer that is 90% efficient. The primary coil of the transformer
- has 2700 turns and is connected to a 240 V r.m.s. supply. The secondary coil has 450 turns and
is connected, through an ideal diode to resistors X and Y.

Resistor X dissipates energy at a mean rate of 30 W and the resistance of Y is twice of X’s.

soft-iron’
1, core
..... : /
=
P B .
- ..,—'—“"-"—-u:
240V e 1
=
s
_ ==
// R \\
primary coil =} o o 1 secondary coll
2700 turns — E— ' 450 turns
Fig. 7.1
(a}  Calculate
(i) the peak voltage across the secondary coil,
peak voltage = ... V2]
(ii) the r.m.s. voltage across X,
rms. voltage = ..., V1]
©EJC 2021 9749/02/)2H2 PRELIMS/2021
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{iii) the rm.s. current in the primary coil.

rms. current= .. A 3]

(b} On Fig 7.2, show the variation with time t of the power P dissipated in resistor X for two
periods of the alternating voltage supply. The alternating voltage supply has period T,

.

P
F' S
0 H S,
0 - : 27 - -t
Fig. 7.2

[2]
[Total: 8]
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8 (a) White light passes through a cloud of cool low-pressure gas, as illustrated in Fig. 8.1.

©EIC 2021

coot gas
r"/a
——- ' —_— >
- e
white R emeargent
light oo fight
- R — >

Fig. 8.1

For light that has passed through the gas, its continuous spectrum is seen to contain a
number of darker lines,

Use the concept of discrete electron energy levels to expiain the existence of these darker
lines.
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(b) Electrons in a beam are travelling at high speed in a vacuum. The eiectrons are incident on
a metal target, causing X-ray radiation to be emitted.

’ .

intensity
0 -
wavelength
Fig. 8.2
The variation with wavelength of the intensity of the emitted X-ray radiation is shown in
Fig. 8.2.
Explain why:

(i} there is a continuous distribution of wavelengths.

.................................................................................................................................... {3]
(it} at certain wavelengths, there are narrow peaks of increased intensity.
.................................................................................................................................... [3]
[Total: 9]
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9 Nuclear magnetic resonance (NMR) is a phenomenon which soon after its discovery in 1946
became a powerful research tool in a variety of fields from physics to chemistry and
biochemistry. it is also an important medical imaging technique.

When atoms are placed in a magnetic field, atomic energy levels split into several closely
spaced levels. Nuclei, such as the hydrogen nuclei, also exhibit these magnetic properties. This
is useful for medical imaging. The hydrogen nucleus consists only of a single proton. A physical
property of nuclei is known as the spin angular momentum. It can take on.only two values when
placed in a magnetic field: we call these “spin up” (parallel to the field) and “spin. down”
{(antiparallel to the field), as illustrated in Fig. 9.1. :

A A

“spinup”  “spin down”

Fig. 9.1

When a magnetic field is present, the energy of the nucleus splits into two levels as shown in
Fig. 9.2, with the spin up (parallel to field) having the lower energy.

- ————— spin down

energy level o

when B=0 e AE

spin up

Fig. 9.2

The difference in energy AE between these two levels is proportional to the magnetic flux
density B applied at the nucleus:

AE = kB

where k is a proportionality constant that is different for different nuclides.

_ In a standard nuclear magnetic resonance (NMR) setup, the sample to be examined is placed
in a static magnetic field. A radiofrequency (RF) pulse of electromagnetic radiation (that is,
photons) is applied to the sample. If the energy of this photon matches the energy difference
between the two energy levels AE in Fig. 9.2, then the photons of the RF beam will be absorbed,
exciting many of the nuclei from the lower state to the upper state. For a free unbounded
hydrogen nucleus, the frequency is 42.58 MHz for a magnetic flux density of B=1.00 T.
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www.testpapersfree.com



19

For producing medically useful NMR images - now commonly called MRI, or magnetic
resonance imaging - the element most used is ‘hydrogen since it is the commonest element in
the human body and gives the strongest NMR signals.

The experimental apparatus is shown in Fig. 9.3. The large magnetic field coils set up the static
magnetic field, and the RF coils produce the RF puise of electromagnetic waves {photons) that
cause the nuclei to jump from the lower state to the upper one. Another coil detects the emitted
radiation when the nuclei jump back down to the lower state.

© - Magnetic
" field coils

Fig. 9.3

The formation of a two-dimensional or three-dimensional image can be done using techniques
similar to those for computed tomography. The simplest thing to measure for creating an image
Is the intensity of absorbed and or re-emitted radiation from many different points of the body,
and this would be a measure of the density of Hydrogen atoms at each point.

One technigue to know which part of the body an emitted photon comes from is to give the
static magnetic field a gradient: that is, instead of applying a uniform magnetic field, the field is
made to vary with position across the width of the sample (or patient) as shown in Fig. 9.4,

h 4

k 4

h 4

A 4

[
»

Fig. 9.4

NMR imaging is considered to be non-invasive. Since molecular bonds are in the order of 1 eV,
the RF photons can cause little cellular disruption. This should be compared to X-rays, whose
energies can cause significant damage. The static magnetic fields, though often as high as
1.0to 1.5 T, are believed to be harmless except for people who wear heart pacemakers.
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(a) Calculate the proportionality constant & for a free unbounded hydrogen nucleus in a
magnetic flux density of B=1.00T.

K= oo T3]

{b) The variation of some values of B/T with RF frequency/ Hz for a free unbound hydrogen
nucleus is shown in Fig. 9.4.

35.00 : —
30.00 - s
// 1T
25.00 afill;
BRERAREE AT
- i N /, T I~
RE 20.00 - ;
frequency " AT
/ MHz 18.00 T 7
10.00 EEENEp !
. .. ../TL Lo 1
5.00 ESRipzenaragt =
OOD \ . JE A N Y A N R S iy §
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80
BT
Fig. 9.4

(i) State and explain, using the features of the graph, whether RF frequency is
proportional {o B.
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{c)

(d)
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(i}  Suggest how the proportionality constant & for a free unbounded hydrogen nucleus
can also be found using the gradient of the trend line in Fig 9.4. '

Explain how a gradient magnetic field allows us to know the part of the body that is
absorbing or emitting photons.

Starting by estimating the wavelength of X-rays and using information from the passage,
explain quantitatively why X-rays can cause significant damage to the human body.
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{e) A rigid copper wire carrying a current is balanced on a pivot. The wire is placed within the
non-uniform horizontal magnetic field as illustrated in Fig. 9.5a and Fig. 9.3b. The wire is
balanced horizontally by means of a small weight W. Section RS of the wire has length
0.85 cm. The perpendicular distance of RS from the pivat is 5.6 cm.

. 56 cm . ) rigid copper wire
E : . //
Sl — w—
pivot Weight W
RS -

Fig. 9.5a (Side View)
< 5.6cm . rigid copper wire
E T :// P U

pivot Weight W

Fig. 9.5b (3D View)

{fy Explain why the following sections of the wire do not affect the equilibrium of the

wire.
1. QRand TS
................................................................................................... 2]
2. QPand TU
................................................................................................... [1]
©FJC 2021 974%/02/)2H2PRELIMS/2021
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(i} When the current in the wire is changed by 1.2 A, W is moved a distance of
2.6 ¢cm along the wire in order to restore equilibrium.

The mass of Wis 2.5 x 10-3 kg.

Determine the magnetic flux density B of the field where RS is.

{(f}y  Fig. 9.6 shows the front view of the non-uniform horizontal magnetic field, with the field

directed out of the plane of the Paper and magnetic flux density increasing in the vertical
direction.

region of magnetic field directed out the plane of the paper

direction of
increasing
magnetic flux
density

Fig. 8.6 (Front View)

An electron is travelling to the right at point Y. Assuming that the electron undergoes at

least one cycle in the field, sketch a possible path of the electron in Fig 9.6.
Show the direction of motion clearly.

, 2]

[Total: 20]
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EUNOIA JUNIOR COLLEGE
JC2 PRELIMINARY EXAMINATIONS 2021

'5"' :9 General Certificate of Education Advanced Level

Higher 2 :
PHYSICS 9749/02
MARK SCHEM_E September 2021
[ Question ~ TSolution. . ] Marks
1 (a) Calculations if ¢, = 8.80 m s=2rejected as anomalous:
<@, >-8.81=10.52-9.81=0.71 M1
<g,>-981=978-981=-0.03
Since <g:> is further away from the accepted g value, results for
group 1 have larger systematic errors. A1
(b) Range of ¢, =10.56 -10.48 - 0.08
Range of g, =10.40-9.16 =1.24 M1
Since values for g, has a larger range compared to values for [oFP
results for group 2 have larger random errors. A1
Calculations if all data used:
<, >-9.81=1023-9.81=0.42
<¢, >-9.81=9.78-9.81=-0.03
. . max 3
Since <g+> is further away from the accepted g value, results for
group 1 have larger systematic errors. marks
{anomaly
Range of g, =10.56 — 8.80 — 1.76 "Ott 4
Range of g, =10.40-9.16 =1.24 accounted)
Since values for g; has a larger range compared to values for ga,
results for group 1 have larger random errors.
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Question - | Solution - ' S i Marks

2 | (a) The rate of change of momentum of a body is proportionat' to the resultant B1
force acting on it,
and takes place in the direction of the resultant force. B1
(b) [ (i) |sx=uxt+¥%axt?=(25cos 20°) ¢ (ax = 0) -
_ sy = uyt + % avt? = (25 sin 20°) t + ¥4(-9.81)12 o L M1
tan 30° = ~Sy / Sy | Tl M
[ =45
tlfne s A1

{ii) | change of velocity

=V [(432 + 382 — 2(43}(38)cos (24° + 27°)] M1
=35ms™ A1
(iif} | Resultant force = rate of change of momentum
=m Av [ At
=(0.20) (35) 7 (0.050) Al
=140 N

www.testpapersfree.com




3 | {a) Taking moments about the handle,
By principle of moments
Sum of anticlockwise moments = sum of clockwise moments
W(1.10) + R cos 73° (0.90) = R sin 73° (1.10 + 0.50) - M1
B 100(1.10) 868y
- 1.60sin73°—090cos73°
R=87N o A1
(b) Since net force = 0,
Horizontal component Hy = Rcos73°=2538N M1
Vertical component H, =100 — Rsin73°= 1697 N M1
tang < v _ 1697
M= H, T 2538
g = 34°
H= |H?+H2=3053N
H = 31N at an angle of 34° above the horizontal (towards the left) Al
_ |
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Question | Solution " . | ‘Marks-
4 | (a) Consider the body moving with initial velocity u with a constant
acceleration a through a displacement s on a horizontal frictionless |;
surface due to F. ' . B1
' From the kinematics equation v* = u? + 2Zas
‘U2 _ uZ
§= 2a
Work done by F = Fs B1
Since Gain in kinetic energy = Work done by F "*3
AFy = Fs = mas |
1?2 _ u2 !
AEy = %
Ey 1 ma 2{1
AEy = Emv2 - Emu2
B1
Given that the object started from rest, its change in kinetic energy is its |
final kinetic energy OR its initial kinetic energy is zero,
Ey = Emu2 :
(b) | (i) AEp = mgR cos(145° — 90°) Cc1
Loss in Ep = work done against friction (spefled in full) B1
R(cos55%) = F (145 X R)
mgR(cos =Fligg "™
F=667N A1
(ii) | Work done against friction from P to the lowest point of the track
_ - [TR
=F (%
Increase in E, = Decrease in £, — Work done against friction C1
R
FEy =mgR—F (—)
2
T x 2.0
Ey = (3.0)(9.81)(2.0) — (6.67) ( )
Ex =37.9] A1
4
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Question [ 'Solution - 'Marks 1
5 |{a) Wa=PAV
=-25x10°x(3.0-1.0)
| =-2000 J (Since gasis expanding, work is done by the gas) -
AU=Qp + W,
= 12500 - 2.5 x 10° x (3.0 — 1.0) C1
= 7500 J , : A1
(b) | {i} | (little/no volume change so) little/no external work done B1
thermal energy supplied to provide latent heat Vi1
internal energy increases A1
(i) | no thermal energy enters or leaves the gas : B1
(rapid) increase in volume, gas does work against the atmosphere M1
internal energy decreases A1

(ii) | (electric) field strength increases B1
or
(electric) force increases B1
acceleration increases )

(iii) | force (on proton) has same the magnitude (of force on electron) B1
force (on proton) is in opposite direction (to force on electron) B1

(b) | (i) | Lossin KE = Gain in Electric PE
emv: = gV c1
%X 1668 x 1077 x w2 =160 x 10-'9x 1200 Ci
- S -1

v=48x10°ms A1

(i} | x=5cm. (4.5cmto55 cm) B1
Smallest potential gradient. Potential gradient is proportional to field B1
strength

Force is proportional to field strength
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Question = | Solution Mar
T 5K R A P St P ks -
7 (a) i Ns /Np =Vs/Vp
' 450 V|
2700 240 ,
V, = 40V M1
Peak voltage = 40 x v2
=56.5
=57V A1
(it} | r.m.s voltage across the load =57/ 2 Mo
=28V {or29Vv) A1l
(iii} 2
P= v —Pax 1
R R
A_R A1
P, R, 80 2
F, =45W C1
(D'go)Ppﬁmar/ - (F)sec ondary)
(0.90)/V =90+ 45
(0.90)(240)/ = 90 + 45 i:
=083 A
{b) Half-wave rectified (see below for diagram) B1
Peak power 360 W (unit to be written) B1

Either:

400

PIW e

200 i SRR RERTA R !
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OR:

400

FIW .

G b 27] .
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Question. .| Solution _ R : Marks
B | (a) » photon gives energy to eleciron (in an inner shell} or electron {in an B1
inner sheil) absorbs a photon
+ electron moves (from lower) to higher energy level
+ energy (of photon) is equal to difference in energy levels B1
« electron de-excites giving off photon (of same energy) B1
« photons emitted in all directions
(b} | {i) ! X-ray pholon produced when electron is decelerated B1
larger acceleration results in larger photon energy B1
continuous range of accelerations so continuous spectrum of wavelengths/ B1
frequencies
(if} | electron in (inner shell of) target-atom is excited (on collision) B1
electron de-excites causing emission of a photon B1
discrete energy levels so discrete photon wavelengths B1
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lQuest&on ‘Solution i e T ._'Marks.j
(a) E=hf |
hf = kB _ C1
(6.63x107)(42.58 x10°) = k(1.0) ¢
28 | et A1
k=282x10"JT
(b) | (i} | Straight line that cuts through origin M1
So RF proportional to B A1l
(i) | K = gradient x Planck’s Constant _
(iii} | Scattering of points about the best fit line B1
{c) Varying fiux density B B1
Photon absorbed (or emitted) only when energy = kB B1
OR
Photon absorbed (or emitted) proportional to B (B1)
Only specific areas will absorb (or emit)
(d) Wavelength of X-ray = 10° m B1
' hc _ (6.63x107*)(3.0x10°) 4
Energy of X-ray= —~ - =12x10%V
J T 107°(1.6x107°) M1
-X-ray energy is iarger than molecular bonds, in the order of 1 eV. A1
(e) [ (i} 1. | forces act through the same line B1
or
forces are horizontal
forces are equal (in magnitude) and opposite (in direction) B1
2. | They are parallel to the field B1
(i) | mgx(A)L=Bx(A)xLxx C1
25x103x981x26x102 =Bx12x 0.85x 1072 x 56 x 102 C1
B=11 T Al
() Spiral with radius decreasing towards the top of the field M1
Anticlockwise direction A1

www.testpapersfree.com




www.testpapersfree.com





