BP-475

5 l : EUNOIA JUNIOR COLLEGE
JC2 PRELIMINARY EXAMINATIONS 2024
| General Certificate of Education Advanced Level

Q Higher 2
CANDIDATE
NAME
CIVICS 2|3 REGISTRATION
GROUP - NUMBER
PHYSICS 9749/02
Structured Questions September 2024

2 hours

READ THESE INSTRUCTIONS FIRST

Write your name, civics group and registration number on all the work you hand in.
The use of an approved scientific calcuiator is expected where appropriate.
Answer all questions.

Write in dark blue or black pen on both sides of the paper. )
You may use an HB pencil for any diagrams or graphs. For Examiner’s Use
Do not use paper clips, highlighters, glue or correction fluid. af
The number of marks is given in brackets [ ] at the end of each question 10
or part guestion. Qz 10
Q3 10
Q4 8
Qs 6
Q6 6
Q7 10
Qs 20
s.f.
P2 Total 80

This document consists of 23 printed pages and 1 blank page.

@EJC 2024 5749/12H2PREUIM/2024 [Turn over




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 electron,
rest mass of proton,
molar gas constant,

the Avogadro constant,
the Boltzmann constant,
gravitational constant,

acceleration of free fall,

®EJC 2024

¢=3.00x10* ms™

;QO =47zx107 Hm™

£, =8.86x1072 Fm"!

(1/(367))x10° Fm™

e=1.60x10"C
h=6.63x10*Js
v =1.66x10"7 kg

m, =9.11x10™ kg

m, =1.67x10" kg
R=8.31JK" mol”

N, =6.02x10® mol”
k=1.38x102 JK™

G =6.67x10" Nm? kg™

g=9.81ms?
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Formulae

uniformly accelerated motion,

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,

s=u1‘+1a1‘2
2
v?=u? +2as
W =pAV
p = pgh
Gm

TI/IK=T/°C+273.15

1N
3
3

E=2kT
2

X =X, sin ot
v =V, cos wt
=t o (% - %)
I =Anvg
R=R +R, +...
1/ R=1/R+1/Ry+...

electric potential, vo_Q
drme,r
alternating current/voltage, X=X, sin wt
magnetic flux density due to a long straight wire B-= ol
27
. . . ‘ NI
magnetic flux density due to a flat circular coil B= oF
magnetic flux density due to a long solenoid B = pnl
radioactive decay, X =X, exp(-it)
In2
decay constant A= T
3
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1 (a) State the two conditions necessary for a system to be in equilibrium.

() oo e
(1) ooeeoeseeeeeeeeeeee oo mass e e [2]

{b) Explain what is meant by the centre of gravity of a body.

{c) Arod AB is hinged to a wall at A. The rod is held horizontally by means of a cord BD,
attached to the rod at end B and to the wall at D, as shown in Fig. 1.1.

wall__ AD
“\\\g cord
7
7
5
hinge /]
~N.

rod

Fig. 1.1

The rod has weight W and the centre of gravity of the rod is at C.

The rod is held in equilibrium by a force T in the cord and a force F produced at the
hinge.

() The line of action of the weight W of the rod passes through the cord at point P.

Explain why, for the rod to be in equilibrium, the force F produced at the hinge must
aliso pass through point P.

©EJC 2024 9740/J2H2ZPRELIM/2024
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5
(i) Itis given that W= 10 N, 8= 30° and length AC = gAB.
Calculate
1. tension 7, and
T e N [2]
2. angle a.
B e, ® [3]

[Total: 10]
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6

2 (a) Anobject of mass 0.80kg is placed at a distance r from the centre P of a flat disc rotating
horizontally with an angular speed . It undergoes circutar motion with the disc, as shown

in Fig. 2.1.

object

Fig. 2.1 (top view)

To determine the maximum frictional force acting on the object, the angular speed is
slowly increased until the object starts to slide. For different values of r, this value of the

angular speed is recorded as a,,, - The variation with ; of &, is shown in Fig. 2.2.

10

ot 1 rad® s72

Fig. 2.2
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(i} OnFig. 2.1, draw an arrow to show the direction of the frictional force acting on the
object at the instant shown. Label this arrow Z. [1]

()  Explain the direction of the frictional force in (a)(i).

() (i) Determine the gradient of the line in Fig. 2.2.

gradient= ... [2]

(i) Suggest the physical significance of the gradient. Show any necessary working.

......................................................................................................... [2]
(c}  Determine the maximum frictional force acting on the object.
maximum frictional force = ................................... N [2]
(d)  Explain why the object starts to slide as angular speed increases.
................................................................................................................ [2]

{Total: 10]
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3 (a)
(b)
©EJC 2024

Explain what is meant by
(i} afree oscillation,

(i) the natural frequency of an oscillating body.

A strip of metal is clamped to the edge of a bench and a mass is hung from its free end
as shown in Figure 3.1,

object
metal strip

|
[l ¥

]

o

é mass —~f

Fig. 3.1
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The end of the strip is pulled downwards by 2.0 x 10 m and then released.

Fig. 3.2 shows the variation with time ¢ of the displacement y of the end of the strip.

yfm
0.002 s=
00 ST naues ; /s
-0.002
Fig. 3.2
(i On Fig. 3.3, show the corresponding variation with time ¢ of the potential energy

Ep of the vibrating system from {= 0 to t = 0.20 s. Assume the vibrating system to
have a mass of 200 g.

Ep

00 ; t/’s

Fig 3.3

(3]
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(i) On Fig. 3.4, sketch the variation with displacement y of the velocity v of the end of

the strip.
v/ms™’ 4
I I [ 1 1
y/m
i
Fig 3.4
[3]

(i) The string supporting the mass breaks when the end of the strip is at its lowest point
in an oscillation.

1. State what change, if any, will occur in the period of the subsequent motion of
the end of the strip.

1341 A ROAICLAAIIALIA LS

2. State and explain the change, if any, on the amplitude of the subsequent motion
of the end of the strip.

Y1 115) 1111 o L S RAAGRLLLRTLERREL LY

[Total: 10]
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4 (a) (i) State the principle of conservation of linear momentum.

(i) State the relation between force and momentum.

(b}  Afast-moving neutron of mass m collides head-on with a stationary nitrogen atom of mass
14m as illustrated in Fig. 4.1.

nitrogen

neutron atom
———

Fig. 4.1

The neutron is captured by the atom to form a heavy isotope of nitrogen of 15m.

() Explain the subsequent motion of the isotope given that the collision is head-on.

(i} Calculate the ratio of kinetic energy of the heavy isotope of nitrogen to the initial
kinetic energy of the neutron.

ratio of Kineticenergy = ............c.........a [3]

©EJC 2024 9749/J2H2PRELIM/2024 [Tur n over
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(iii) Hence or otherwise, explain whether the collision process whereby the neutron is
captured is elastic or inelastic.

[Total: 8]
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5  Fig. 5.1 shows two circular coils X and Y that are fixed in position.

The planes of both coils are parallei and their centres lie along a common axis PQ.

Fig. 5.1

A light emitting diode (LED) is connected to coil X.

Coil Y is connected to a cell, a switch S and a variable resistor R.

R is set to its maximum value and S is closed.

(a) PBased on the laws of electromagnetic induction, describe and explain what would be
observed of the LED when S is opened.

©EJC 2024 9749/ J2H2PRELIM/2024 [Tl.ll'ﬂ over
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The cell in Fig. 5.1 is now replaced by an alternating voltage source.

(b)

The sinusoidal current flowing through coil Y is shown in Fig. 5.2.

Current flowing in the clockwise direction, when the coils are viewed from Q, is taken as

positive.

[2]

[Total: 6]

Fig. 5.3

0.040 s.

Otot

On the axes of Fig. 5.3, sketch the variation with time ¢t of the current Ix flowing through
K4
0
IX F 3
0

coil X from ¢
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6 (a) An ideal iron core transformer is shown in Fig. 6.1.

core
<
1]
+] q
<] 4
O ) $
input output
o 1 P 0
[ b )
X ,
nff/ \\
primary ~ _
coil secondary coil
Fig. 6.1

Explain
(i) why the iron core is laminated,

(i) why the alternating current in the primary coil of a transformer is not in phase with
the alternating e.m.f. induced in the secondary coil.

.......................................................................................................... [3]
(b) An ideal transformer has 300 turns on the primary coil and 8100 tuns on the secondary
coil.
The root-mean-square input voltage to the primary coil is 9.0 V.
Calculate the peak voltage across the load resistor connected to the secondary coil.
peak voltage = ........................oeell V[2]
[Total: 6]
®EJC 2024 9749/J2H2PRELIM/2024 [Turn over
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7 (a) Fig. 7.1 shows the path of a beam of electrons before it passes through a magnetic field.

magnetic field
KAXAKXXKX AKX
K MK X XXX
KoMK KKK KA
KX XAXXKX
KX M XXX XK
electronbeam X X X X X X X X
XXX XXAXX
KX XX XXKXK
KE XXX XXX
wWH K HKAXKXK
Fig. 7.1

The magnetic flux density in the uniform magnetic field is 0.0050 T. Each electron enters
the magnetic field with a speed of v=5.0 x 10°m s™".

(i} The magnetic force causes the electrons to accelerate in the magnetic field.
Explain whether the force does work on the electron.

......................................................................................................... 1]
(ii) Determine the magnetic force acting on the electron.
magneticforce= ...............o N [2]
(i} Show that the radius of the electrons’ path is 5.7 mm.
[2]
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(iv) If a proton beam is used instead and the protons travel at the same speed as the

electrons, explain qualitatively why this setup may not be practical in a typical school
laboratory.

(b}  Another beam of electrons enters a uniform electric field between two paralle! plates at
right angles to the field as shown in Fig. 7.2. The region between the plates is a vacuum.

Each electron has mass m, charge & and speed v.

The length of the plates is x, the separation of the plates is d and the potential difference
across the plates is V.

electron ;
mass m

charge e f

T —

Fig 7.2

The vertical deflection of the electron is y at the point where it leaves the region between
the plates.

Write down an equation for y in terms of d, e, m, v, V, and x. Show your working.

{Total:10]
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8 Read the passage below and answer the questions that follow.

lonizing radiation affects DNA molecules within cells, which are critical in cell reproduction. It
has its greatest effect on cells that rapidly reproduce, including most types of cancer. It can
induce cancer and cure cancer. It is used routinely for medical diagnostic purposes.

The biological effects of ionizing radiation on living tissue are directly proportional to the amount
of ionization produced in the living tissue. The amount of ionization produced is in turn
proportional to the energy deposited.

Absorbed dose of a radiation refers to the amount of ionizing radiation energy absorbed per
unit mass of tissue. The unit for absorbed dose is the gray (Gy), which is defined to be

1Gy=1Jkg™".
The biological effects of ionizing radiation also depend on the type of radiation and the type of
tissue. Dose equivalent of a radiation considers both the amount of radiation absorbed and the
medical effects of that type of radiation. it is calculated by multiplying the absorbed dose in grays
by a quality factor called the relative biological effectiveness (RBE), and is measured in
sievert (Sv).

1Sv=1GyxRBE

Table 8.1 gives the RBE values for several types of ionizing radiation.

Type and energy of radiation RBE
X-rays 1
y rays 1
p rays (> 32 keV) 1
B rays (< 32 keV) 1.7
neutrons, thermal to slow (< 20 keV) *5
neutrons, fast (1 - 10 MeV) 10 (body), 32 (eyes)
protons (1 - 10 MeV) 10 (body), 32 (eyes)
a rays from radioactive decay *20
heavy ions from accelerators *20

*only maximum values provided
Table 8.1

The greater the dose equivalent, the greater the biological effects. If a radiation exposure is
spread out over a longer duration, greater doses are needed to cause the same biological effect.
This is due to the body's ability to partially repair the damage.

Laws regulate radiation doses to which people can be exposed. The greatest occupational
whole-body dose that is allowed is about 20 to 50 mSv in a year and is rarely reached by medical

and nuclear power plant workers.

®EJC 2024 9749/J2H2PRELIM/2024
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(@ () With reference to Table 8.1 and the characteristics of the different jonising
radiations, explain the following:

1. arays have a higher RBE than X-rays, y rays and energetic p rays.

(if) To limit or reduce radiation doses, one general principle is to /imif the time of
exposure. Suggest two other general principles to limit radiation doses.

(ili} Calculate the dose absorbed over a period of one year by the lung tissue of a
weapons plant employee who inhales and retains plutonium-238 in an accident.
The activity of the plutonium-239 inhaled remains approximately constant at
3.70 x 10* Bg over many years.

The mass of the affected lung tissue is 2.00 kg, and each plutonium-239 nucleus
decays by emitting a 5.23 MeV a-particle.

©EJC 2024 9749/J2H2PRELIM/2024 [Turn over
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A radioactive tracer is a drug that contains radioactive isotopes. It can be injected into a
patient. Gamma emitters make good radioactive tracers.

Once the tissues and organs have absorbed the tracer, radiation from the tracer is
captured by a special camera outside the body that produces images, allowing doctors to
diagnose the condition of the patient.

(i} In addition to being safer since gamma radiation has a lower RBE, suggest one

other advantage of using a gamma-emitting tracer in a patient, rather than a beta-
emitting tracer.

(i) Biological half-life is the time taken by the human body to eliminate, by natural
excretion, half of the amount of a substance (such as a radioactive material) that
has entered the body. The process is approximately exponential.

The effective decrease of radioactivity of a tracer in the body is due to both the
physical decay of the tracer and the biologic elimination of the tracer by the body.

The effective decay constant Ae of the tracer is given by

Ag=Ag+ A

where Aris the nuclear decay constant of the radicisotope in the tracer,
and Ag is the biological decay constant of the tracer.

Show that the effective half-life t= of the tracer is given by
- ity
Tt +t,

where tris the nuclear half-life of the radicisotope in the tracer,
and ts is the biological half-life of the tracer.

[1]

9749%/J2H2PRELIM/2024
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(ili} A patient is given an injection containing 1.0 x 10-'2 g of technetium-99m, which
has a nuclear half-life of 6.02 hours. The molar mass of technetium-99m is 99 g.

1.

Show that the initial activity of the technetium-99m is 1.9 x 105 Bq.

Calculate the effective half-life of the technetium-99m if its biclogical half-life
in the body is 24 hours.

effective half-life= ............................... h[1]

Determine the activity of the technetium-99m remaining in the patient 3.0 days
after the injection.

activity = ... Bq [2]

9749/J2H2PRELIM/2024 [Turn over
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{c) It is often convenient to represent the decay of a radioactive sample with time using a
semi-log graph as it produces a straight-line plot.

When a sample contains a mixture of unrelated radioactive nuclides (i.e. no parent-
daughter relationships), the total activity A 0f the samptle is just the sum of the individual
activities of the different nuclides.

A =A +A, +...

where A is the activity due to the first nuclide,
and A; is the activity due to the second nuclide, and so on.

In this case, the plot of A against time will be a curve on the semi-log graph.
Fig.8.1 shows the total activity curve A for a sample consisting of two unrelated

radioactive nuclides. The dashed line A, Is the activity curve for nuclide 1, which has the
longer half-life. Nuclide 2 has an activity of 5 Bq on day 18, indicated by point P.

100
activity A/ Bq
\ }am

N

i <\5

N

'tb“h" \\ ‘
o NG
e \\
“'ﬁ. \\
10 N
-
1 s
"h\\
'\\\\
“‘\
Mo !
~\\\
1 L L ;
0 20 40 60 80 160
time t/ days

Fig. 8.1
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(i}  Explain why the slope of the graph of Apg against time will eventually follow the
slope of the line for the activity of the radioactive nuclide having the longer half-life.

.......................................................................................................... [1]
(i} State the half-life of nuclide 1.
halflife = .............................. day [1]
(i) Determine the initial activity of nuclide 2 at { = 0 day.
activity = ... Bq [1]

(iv) Draw a line in Fig.8.1 to show the variation with time { of the activity of nuclide 2.
Label this line As. [1]

(v) Hence or otherwise, determine the haif-life of nuclide 2.

halfdife = ... day [1]

[Total: 20}
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Resultant force acting on the body is zero.
Resultant moment OR Torque about any point is zero.

BP-~537

1(b)

Point at which whole weight of body may be considered / seems to
act.

1(c)(i)

Since T and W have zero moment about P (because their line of actions
passes through P),

so F must have zero moment, i.e. line of action of F must pass through
P

OR

When all forces have lines of actions that pass through P,
(perpendicular) distance from P is zero for all forces (M1),

s0 sum of moments about P is zero

B1

B1

BEJC 2024
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W =Fsina+Tsing=Fsina=W -Tsing (2)

Eq(2). W-Tsing 10-13.3sin30
e t @x = =
Eq(1) Tcosp 13.3cos30
a=162°

(Physics statements to be present to score full credit)

Altemative method (for both parts):

h

tanag =—

2L

h

tanf=—
A L

tana =0.5tan g
=0.5tan30°
a=16"

y=90° -q=90"-16" =74’
Using sine rule,
T w
siny  sin(a +f)
10
T= sin(30° +16°)
=134 N

x 8in74°

16
1(c)(ii)1. | By principle of moment and taking moments about A, B1
2W =3Tsin g
2(10) =3T sin30° A1l
T=133N
- , . N . N B1
1(c)(ii)2. | Sum of forces in the vertical direction and horizontal direction are both Horizontal
ZEero. B1
Vertical
Considering horizonal forces:
Foosa=Tcosf (1)
Considering vertical forces: A1

©EJC 2024
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2(a}(i) | An arrow originating from the object, pointing towards point O, and B1
labeiled Z.

2(a)(il) | The frictional force provides the centripetal force, and hence must point B1
towards the centre of the disc.

2(b)(i) | Using points (6.00, 5.80} and (9.00, 8.80) on the line B1
Gradient = $30-590 _4 o4 B1

9.00-6.00
2(b)(ii) . . 2 B1
gradient = T = B = 8enag
r
Hence, the gradient is numerically equal to the maximum centripetal .
acceleration. A1
2(c) f =gradientxm
=1.00x0.80 c1
=0.80 N A1
(d) As angular speed increases, required centripetal force increases. B1
(friction provides required centripetal force)
When required centripetal force exceeds maximum frictional force B1
possible, object slides.
©EJC 2024 9749/J2H2PRELIM/2024
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Free oscillations are oscillations with
constant amplitude and

BP-~540

Equilibrium point is raised once the mass is removed.
Hence amplitude increases.

without energy loss or gain
as there is no driving or resistive forces acting on it. B1
3(a)(ii) | Natural frequency is the
frequency at which a body will vibrate B1
when there is no driving or no resistive forces acting on it.
3(b)(i) Entd
0003 B1
comect
sine-square
6002 shape, all
0.00158%: ¥ i s :émp! o b above x-axis
o001 fE i SSiES : =i = B1
== e zs: i correct
13 period & phase
(00 “ e o B1
. - com
max
-0.001 indicat:d
£.002
D003
E..  =2Xmy*w* = 1(0.200)(0.002)° [2—”)2
] 2 0.1
=0.00158 J
-
3(b)(ii) B1
1 Correct &
v/ms + smooth
shape
0.126 B1
correct
max v caln
a at y=0
—o.oozko-/ 0.002 B1
y/m correct
max y at v=0
-0.126
27 2n
v, = =2y =22(0.002)=0.126 ms™
o myo T .yﬂ 0-1 ( )
3(b)(iii} | Period decrease. B1
B1

©E.JIC 2024
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e Principle of Conservation of Linear Momentum states that

the total linear momentum of an isolated system

of interacting bodies before and after collision remains constant if no
net external force acts on the system.

OR

The Principle of Conservation of Linear Momentum states that the total
linear momentum of a system remains constant provided that no
resultant external force acts on the system.

B1

BP-~541

(a)(ii)

The resultant force acting on a body is proportional to the rate of
change of momentum of that body.

B1

(b)(i)

After collision, the bodies will move along the same line that joins the 2
bodies’ centre of mass rightwards.

B1

(b))

By principle of conservation of momentum:
mu + 14m(0) = 15mV

1
V=—u
15

Ratio of kinetic energy
'l )/ 3
KEawogen 27" \15) 1067
KEnewan 1 mvi ﬁ{ J"Z/ 15
2

V2

C1

M1

A1

(b)(iii)

From (bii), since initial total KE before collision not equals to final total KE
after collision,
the collision is not elastic (inelastic).

OR

Since there is no relative separation between the neutron and nitrogen
atom after collision, the relative speed of approach is not equals to
relative speed of separation,

the collision is not elastic (inelastic).

M1

A1

©EJC 2024
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ened. current in coil Y stops flowing and the magnetic flux
produced by the current in coil Y decreases. Hence magnetic flux
density through coil X decreases.

AR

By Faraday's Law, an gelectromotive force is induced in coil X. B1
By Lenz’s Law, the induced emf in coil X would be in a direction so as B1
to produce effects to oppose the decrease in the magnetic flux
density.
The induced emf would have produce current, in coil X in the clockwise B1
direction when viewed from Q. But since this current would be in
reversed biased direction, LED remain uniit.
(For last B1,
Student to either describe direction of current to be CW (from Q)
leading to LED unlit
OR describe current being in reversed biased direction leading to LED
unlit.)
5b Ix &
B1
Negative
. , cosine graph
g ; ; ™ f/s
0.01 0.03 q04 B1

Rectified in the
correct regions

©EJC 2024
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Lamination increases resistance, thus
reduces induced (eddy) current in the iron core,
which would reduce heat loss.

6{aii)

Altenating current in primary coil (7, ) give rise to changing magnetic
flux (¢ ) in the primary coil and the iron core.
Thus primary coil current is in phase with the magnetic flux.

This changing magnetic flux (¢ } links the secondary coil through the
iron core.

E.m.f. induced in secondary coil (E,,.) is proportional to rate of change
of flux (4 ).
Secondary coil e.m.f. (£

gec )

is not in phase with the flux (¢ ).

(Hence e.m.f induced in secondary coil not in phase with alternating
current in primary coil.

B1

B1

B1

6(b)

(VSEG) = NSSC
Vo), Wps
(Vsec)ms = W x9.0=243V

Peak voltage across load = (Vieg)ms X V2 = 243 %42
=34 x102V

c1

A1

BP~543
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orce on the electron is (aiways) perpendicular to the velocity/

perpendicular to the direction of travel/motion of the electron.

Thus no work is done by the force on the particle. (The speed remains

unchanged and the force changes its direction.)

BP-544

7(a)ii} | F=Bqv
= (0.0050)(1.60x107"°}(5.0x10°) ﬁ}
=4.0x10""N
7(a)(ill) | Magnetic force provides the centripetal force. B1
F =ma F =ma
2 v?
r
mv? r="
(9.11x10°')(5.0x 10° ) _(9.11x10 *)(6.0x10°%)
. 4.0x107" (0.0050)(1.60x107*)
=569x107° =569x107
=5.7mm =5.7mm B1
7(a)(iv} | Radius of path is proportional to its mass. B1
Mass of proton is many order of magnitude larger than the electron B1
implies the radius of the proton would be many orders of magnitude
larger (and is too large as compared to a typical laboratory).
7(b
() F=ma:>eE=ma:>ey~:ma:>a=-e£ (1) M1
d md
X
== (2)
%
Substituting (1) & (2).
1
= uf +—af’
y 2 MA
2 Correct
= 1(3!} [EJ substtution fnfo
2'md \ v the correct
kinematics
- [ eV ]xz formula
| a2
2mav Ad
QEJC 2024 9749/J2H2PRELIM/2024
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a particles have greater ionisation power than X-rays, y rays and
energetic p rays.

Hence, there is greater damage (biological effect stated in the last
sentence in the 2™ last para on pg 18) produced by o particies.

B1

B1

8(a)(i)2

Neutrons can be absorbed by the nucleus of an atom to form a

radioactive isotope, which is unstable and produces secondary ionising
radiations.

B1

8(a)(ii)

Shield from source using suitable materials.
Increase the distance from a source.

B2

8(a)iii)

Absorbed dose

_ energy deposited per year

- mass of tissue

_ (no. of decay)(energy released per decay)

- mass of tissue

[(3.70x10*)(365x 24 x 3600) |[ (5.23 x 10°)(1.60 x1 0]

2.00

=0.489 Gy

Dose equivalent
=(absorbed dose)xRBE
=0.489x20

=9.8 Sv year™

C1

Cc1

A1

BP-545
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8(b)(i) | Gamma rays can pass through the tissue of the body to be captured by
the camera outside while beta particles will be stopped by the body
tissue.

A1

BYW) | A =45+ 4
N2 In2 in2

b

t. = tTtB
ET b+t

B1

8(b)(iii)y1 | A, =AN

-] o

[In 2]( M ]
= xN,
t, J\molar mass

_ ln?_ E.GXTO_‘EEXSGZX‘lOzE
6.02 x 3600 9% )

=1.94x10°
=1.9x10° Bq

B1
B1

sb)ii2 [, 44,
Tttt

_ 6.02x24
 6.02+24

=48h

E

Al

A=

B(b)(ii)3 AT
Ol

3.0x24
=G) * (1.9x10°)

=5.8 Bq

C1

A1
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8(c)(i) | After a long enough time, the activity of the nucleus having the shorter A1
half-life would have decreased to a negligible value compared to the
activity of the nucleus having the longer half-life. Hence the total activity
would be the same as the activity of the nucleus having the longer half-
life.
8(c)(ii) | From graph, time taken for activity of nucleus 1 to decrease from an A1
initial value of 20 Bq to 10 Bq is 30 days, 10 Bq to 5 Bq is 30 days.
Hence average half-life = 30 days
8(c)(iii) | Att= 0 day,
Apr = A + A,
60=20
T4 A1
A, =40 Bq
8(c)(iv) 1%
activity A/ Bg
a0
B1
_ ¢ line passes
10 through point
intercept at
40 Bq
¢ line must be
labelled
e |
0 28 40 60 80 100
fime t/ days
8(c){v} | From graph, time taken for activity of nucleus 2 to decrease from an B1
initial value of 40 Bq to 20 Bq is 6 days, 20 Bq to 10 Bq is 6 days, 10 Bq
to 5 Bq is 6 days. Hence average half-life is 6 days.
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Paper 3 — Longer Structured Questions

0.500
T F 2 B-590
7 o8

=1.41923s

AT =0.01008 s

T=1421x0.01s

M1

M1

M1

A1

BP-548

(b))

Assume that the uncertainty of each timing taken by each student is 0.2 s {typical
timing for human error).

Then the uncertainty for each of these reading is:
AT,, =02s

AT 0.2

sacond =2—D=001 s

Since the uncertainty of second set of data is estimated to be smaller, it will have
smaller scatter, hence will be a more precise set of data.

M1

A1l

(b){ii)

The human error committed is a systematic error
which cannot be reduced by finding the average time from multiple oscillations.

B1
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