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9 tension in string 1 provides centripetal
force for 3 masses so must be largest
magnitude; eliminate A and C

centre of mass of 3 separate masses is at
centre i.e. mass 2 so tension in string 1 is
equivalent to a string providing centripetal
force to a mass of 3m at radius 2r.

T, = (am)(2r)a”
T, =m(3r) @’

Sl
[
N

eliminate B
or

via considering free bodies:

T3
+—e

Mouter

T: Ts
——>
Mecenire

Ty o T ,
Minner

T provides centripetal force on outer
mass

m{3r)e? =T,

vector sum of Tzand T3 provides
centripetal force on centre mass

m(2r}a® =T,-T,
T, =m(2r)a’ +T,
=m(2r)e* +m(3r)o?

=m(5r)a’

vector sum of T;and Ty provides
centripetal force on inner mass
mro® =T,~T,
T,=mro® +T,
=mro® + m{5r)o’

=m{6r)o®

10 mass on moon needs just enough KE to
reach location of 0 field strength, then it
will accelerate towards earth “from rest”:

loss in KE =gain in EPE
vt -0=f(a9)
v* =2(smaller area)
v=2(26x10°)
=2280 ms™

11 satellite is now further away from earth so
GPE must increase

12 kinetic energy is directly Eo.uo_.zo:m_ to
thermodynamic temperature

3 1 2
NE.uN:E
Pt

new ~ Voig x100%

<o_a
= E %x100%

.‘-E

ol
 J273.15+ 40,5 -+/273.15 +32.1
J273.15+32.1

=1.4%

13 t<n2§.|vbnR<».AJ

X has less steep gradient

14 coin loses contact when piston retracts
downwards at an acceleration larger than

magnitude of free fall acceleration i.e.
lasu| 2 g
(0*)% 29
= AM\:JN X,
9.81 1
f= A\|||||N
0.07 4r

=19 Hz

®EJC 2022 9749/J2H2Prelim/2022

15 1=2(0.80)=1.80m

Ag_ M
2r A
Ag= amoevmww
- Gmcevﬁl.mmw 360
1.80
= 260°

16 check for max observable order for violet:

d singd=ni
let sin@—>1
1x1072
n— 9 __ 5000
A 400x10°°
=5

fourth order violet is visible

17 aim is the NOT distinguish the pixels

hence use the smallest wavelength to
determine the shortest pixel distance that
can be distinguished.

18 connecting wire so all metallic surfaces at
same potential

V=V,
Vi _ (V)%
g, ) 1, ney ) I,
9 (a1
E _\Am ) ') \n)n o,
E, 1 9 @)1 N
Ty )\ 12 njn

19 electric force is vector quantity, and the
charge at X is negative so electric field
strength actually points to right:

) A s
sin = —wm—
) b or . vertically :
for maximum distance between pixels Smax, q Q
we consider shortest wavelength (blue): = cos 45°— =
gth (blue) 24 12
d A q Q
P id = cos 45° - —
01°b 2112 D
d _470x10° -.91._Q
0.1°40x10° a2 ¢
d<1.2x10°® 242
<12x10% m o- «\w\ a
20 resistance of Rs alone is larger than the
effective resistance of R; in parallel with Rs
by potential divider rule:
p.d. across Ry larger
p.d. across Rs smaller
total circuit resistance drops so battery
2
outputs more power P = g
Ria
©EJC 2022 9749/42H2Prelim/2022
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20a)i)

“Total 30.:6:33.& an isolated m<mﬁ,m3 owiﬁ«w%zu bodies before
and after collision remains constant if no net external force acts on the
system. 1
(a)(if) | Presence of external force like weight / force from the ground 1
(b) By Conservation of Energy,
loss of gravitational potential energy = gain in kinetic energy
1 ¢2
Agh= 2 v 1
v =42gh
= [2(9.87)(2.0)
=6.26 ms™
(c) collision is elastic, total KE before and after bounce conserved
1% (0.8)(6.26)2 = % (0.3)(v?) + ¥2 (0.5)(3.2)° 1
v=9.35ms" 1
©EJC 2022 9749/J2H2Prelim/2022 [Turn over

3(a)i)

Since the direction of field strength is directed upwards at point O, the
horizontal component of the electric field strength due to the 2 charges
at O are equal in magnitude and opposite in direction.

—_in30° = —22_sin60°
4ne,r Ame,r

g, _sin60°
g, sin30°

3@)

Y
distance

correct shape, graph does not touch the y-axis or dotted fine (else max 1

E = 0 at position nearer to Y
Relative field strength at X larger in magnitude than at'Y

3(b)(1)

electric field strength is a vector quantity

Since the resultant field strength at point O is directed upwards, the
resultant electric field strength is the vector sum of the vertical
component of the electric field strength due to the 2 charges.

E

resultant

=E +E,
- hﬁuoowmoo+ L hwungmoo

dmey \ r* Ame, \ r?

Q o o
u%g .7)cos 30° +cos 60°]

_ 200x10°
47(8.85x107%)(0.50)

=1.42x10* Vm™

5[ (1.7)cos 30°+cos 60°]
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At22.5 °C, Rr = 1.6 KQ (read from graph)

5(a)(i) _
1 1Y
i = ——+——| =8000Q
Total resistance Tmoo + AmOOU
(a)(fi Using potential divider principle, 1
v 800
9.0 800+1200 1
V=36V
(b)(i) Using potential divider principle, 1
1200 _5
R, 4 1
R, =960 Q
W@ [ 1 _ 1 1
960 1600 R;
R, =2400 Q 1
From graph, temperature = 1
10.5 °C OR 10.75 °C (read to half the smallest division) OR 11 °C
{c) From graph, no calibration data available between 24°C to 25°C (accept 1
“at 25 °C"0).
Since graph is non-linear, hence cannot extrapolate to get values of
temperature. .
Based on temperature range of 0 — 25 °C, Vaghas a range of 0.48 V to
3.5 V. Since only a small part of the voltage scale is used, the
measurement of temperature will be less sensitive.
@EJC 2022 9749/J2H2Prelim/2022 [Turn over

§(a)(®)

Progressive wave is one where_energy is transferred in the direction of

ropagation of the wave.

Transverse wave is one where the direction of oscillations is normal to
the direction of ener. ropagation.

6(a)(i)

Polarisation is where oscillations of a wave to one direction only, in the
plane normal to the direction of energy propagation.

Since the oscillations in a longitudinal wave is parallel to the direction
of energy propagation,

longitudinal wave cannot be polarised.

6(b)(i)

Based on the amplitudes of the electricity field strength graphs,

A=A cosé
16 =9cosé
6 =56°

(b))

Tc A?
I = cos?(9)
I 9

M
|n§u|uo.ma
= eos (6 mau

©EJC 2022
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©8000x10° _

= =2 -1
_\m»_m::n: mO « mwO MNO ms
"
ZMVattaunch 2
ratio = S = 2220y 0.880 (accept 0.890) 1
1/ 5 2360
M Vhetore
(d)(ii)) | Minimise loss of (kinetic) energy as heat due to work done against 1
air resistance
() KE just before launch = W3<N
= Wﬁooxmwmsw
=557x10% J
8
fime needed = 5710 _ 5570 5 ~02.8 min
100x10
@) | a _ro’
g9 g
450(27)Y
=(50.0) 450(27))° 1
60 9.81 ]
=11300
No. They were subject to more than 10 000 g for more than an hour. 1
N Work by per unit mass in bringing a small test mass from infinity 1
to that point
©EJC 2022 9749/J2H2Prelim/2022 _.|—.=q= over

12

(N
_~ 11
-4.7
49
-5.1 v
-5.3 ]
-5.5
5.7
5.9
-6.1
: urmﬁ:mm%o -
63 AT
0 400 800 1200 1600 2000
d¢ [(-4.54)-(-5.9)]x107 ~
= =5.67 N ki
9774~ (2400-0)x10° g
(A(iii) | The astronauts experience the same acceleration towards centre of
the Earth as the space craft.
Hence there is no contact force by space craft on the mm#o:w:».
n(v) AU = Myycne AD&V = Mygactie {(Bonas ~ szzm_v
=(200)((-5.89 - (-6.25))x107)
=7.20x10° J
©EJC 2022 9749/J2H2Prelim/2022
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oscillatory motion where

2(a)
acceleration is directly proportional to displacement from equilibrium
position
and directed opposite to displacement
2(b}(i) } amplitude x, =0.7 m

2(b)(ii)

relative to equilibrium relative to ground

x=-0.15m x=055m
OR
X=X, sin ot X =X, sin wt +0.7
=X, sin il t 0.55 = x, sin mln% +0.7
T T

~0.15=(0.7) sin ﬁmi
20
duration = 2.13748 — (~0.13748)

=227s
(can be by GC)

3(a)(i)

_(5.0)(78) -(4.0)(80)

T 16x10°  10x107°
15x60 1.5x60

=2.25x10° J kg™

A0

3(a)(ii)

pure substances undergo phase change at constant temperature (words
to that effect) so temperature difference with surrounding kept constant

©EJC 2022
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3(b)()

Q=mL
=(1.0)(2.25x10°)
=2.25x10" J

3(b)(ii)

Wy, = —PAV =-p C\?._ - _%m_v
=-(1.0x10°)(1.67-1.04x10")

=-(1.0x10°)(1.66896)
w,, =+1.87x10° J

3(b)(iil)

AU=Q+W
nm.nmxsff.quamv
=2.08x10° 4

3(b)(iv)

APE =PE_,, -PE,
PE,,. = APE +PE,,
=2.08x10° +3.41x10°
=2.42x10° J
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when V, =0, .
-2 . cut x-axis
h at (5.8, 0)
2.4(1.6x10™"
u|||||||ﬁ = vnm.qoioz Hz
6.63x10 1
dotted line
when f =0, to (0, ~2.4) / \ / \
[0} OR pass
Vis—e through /\ /.\
(8,0.9)
24V Hav (extrapolated)
e
) ] 13
i !
} }
ViV - (checking
B - ﬂvﬂ - o
1
5.8
AR P 4
\[ LA
0 4
0 2 4 6 8 10
b f1 10" Hz3
_1 : -
-2 w3
~-24
-3
MAUV ’\uomx. supply = /\M a\m:vw_v\. ms
=J2(46)=6.5V
<uoux_ diode — ,\eour supply 1
=65V
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11

the energy of one photon is directly proportional to the frequency of
electromagnetic radiation, E = hf

7(b)()) he (6.83x107)(3.00x10°)
Eppy=—= —~ —v=3.11eV
Amo (400x10°)(1.60x107)
6.63x107*)(3.00x10°
E,, =1¢ il i ) 1786V
mar (700x107°)(1.80x107°)
7(b)(ii) | The absorbed wavelengths are remitted in all directions; only part of the
absorbed wavelengths is in the direction of the beam.
These wavelengths appeared as dark lines with very much reduced
intensities in the observed spectrum.
7(b)(iii)

-0.55eV
- 0.85 eV

-151eV

-341eV

~13.6 eV

« Correct identification of the 3 possible transitions in the visible light
range and nothing else (possible for electrons to start from n = 2
since question did not state cool gas)

E,, 1.89eV
E 2.55 eV

E 2.86 eV

2—4°

235"

o Arrows pointing UP (absorption spectrum)

T(c)(i)

photons of visible light has_insufficient energy to cause any transition of
the electron from the lowest energy level.

no dark band observed

©EJC 2022
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7(e)(iiyt.

12

The 3 transitions for the 3 bright lines observed are:
E;,,:1.89eV

E.,,:2.55eV
E,.,:2.86eV

Hence energy given to the electron must be from E, 4 so that the 3
transitions within the visible light spectrum can take place.

E,_;=136-054=131¢eV

Hence V =131V

7(c)ii)2.

he
mmlvn

_ (6.63x10°*)(3.00x10°)
© (286)(1.60x10™)
=4.35x107 m

A=
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[source of force] wire experiences magnetic force

15

directed normal to both current and magnetic field

[property of vibration] alternating current so direction of force oscillates
between vertically upwards and downwards

9@t

v=1A=(50)(2x(40x10?)) =40 m s

8(a)(iiy2.

wave of same type, same frequency, same speed, (same amplitude)

are reflected off fixed ends X and P and travel towards each other in
opposite directions

waves superpose along length XP

speed is that (of energy transfer) of individual/constituent incident /
reflected wave in wire

9(a)(ii)3.

natural frequency of wire changes and no longer matches driving
frequency from alternating current

wire no longer in resonance so amplitude decrease

9(a)(ia.

L=24,
f v 40

n.\ﬂuaﬂ\_ol.nw;oo Hz

40

38 x107?
3

=150 Hz

9(b)(0)

A=A exp(-At)
INnA=InA, - At

The gradient of the In (A /s') against t graph will give the value for -A.
In (A/s™')in 1990 = 16.80; In (A /s™") in 1997 = 16.20

gradient = Y1 =¥2 ~16:20-1680 _ 4 4g57
X, ~ X, 7

1=2.72x10"° s

9(b) (i)

In2
Tv="73
In2
T, =
%7 2.72x10°°

=8.1yr

=255x10° s

©EJC 2022
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9(b)(iil)

16

Atyear 1997, In (A/ s") = 16.20
A=e'®2=110x10"s".

The number of nuclei which ought to be present is
A 1.10x107

N=w=sr—b
A 2.718x10

=4.00x10"

9(b)(iv)

The number of nuclei left after the theft is

\D mam.wn
N =2 &  __302x10"
2= 17 2718x10° *

The number of nuclei stolen is given by
4.00x10® -3.02x10" =0.975x10"

9(b)(v)

gradient corresponds to the (magnitude of) decay constant

decay constant is not dependent on the number of radioactive nuclei

but is characteristic/unique to a particular nuclide
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Marking Instructions

Mark

2(a)

Quality: value of y in range 45 - 50 cm
Repeat, and to correct precision of 0.1 cm / 1 mm

2(b)

6 sets of readings of R and y independently (zero otherwise)

@

column headings each contain a quantity, a unit and a separating mark wher
appropriate

Consistency: All values of raw y must be given to the nearest mm.

Significant figures: All values of 1/ y should have the same number of s.f. as
(or one mare than) its corresponding raw y value.

(if no table, deduct 1 mark)

2(0)i

All points in table plotted to half-square accuracy

Judge by balance of all points on the grid about the candidate’s line (at
Jeast 5 points). There must be an even distribution of points either side of
the line along the full length.

Allow one anomalous point only if clearly indicated (i.e. circled or labelled)
by the candidate. There must be at least five points left after the
anomalous point is disregarded.

Lines must not be kinked or thicker than half a small square.

Scales must be chosen so that the plotted points occupy at least half the
graph grid in both x and y directions. All observations must be plotted.
Awkward scales (e.g. 3:10) are not allowed.

Accept only 1, 2, 5 only (every 10 small sq)

Scales to be labelled no more than 4 cm apart.

Axes must be labelled with the quantity (and units) which is being plotted.

Values for a and gradient triangle

and b
correctly calculated to 3 s.f. with consistent units

(iIf no linearising statement, max 1 mark.}

2(d)(ii)

Quality: value of P in range 90 — 110 Q and with unit

2(e)

steeper gradient,
larger y-intercept so consistently higher than original line

(no credit if no label ‘S")

Total: 12 marks

Page3ofé

3(c)il)

arking: Etia
Value of § to nearest degree with unit.
Repeated readings shown.

3(c)(iii

Percentage uncertainty in 8 based on absolute uncertainty of 2 - 5°.

If repeated readings have been taken, then the uncertainty can be half the
range (but not zero) if the working is clearly shown AND the uncertainty is
greater than instrument precision (nearest degree).

Correct method of calculation to obtain percentage uncertainty.

Percentage uncertainty to 2 s.f.

3(c)(iv)

Correct calculation of tan? .M. with working.

s.f. sameas 6 or 1 more.

(Zero if units are given as output from tangent function is dimensionless)

3(d)(i))

Quality: value of 8 smaller than 3(c)(ii)

Adherence to marking instructions in 3(c)(ii), and 3(c)(iv).

3(e)()

Correct units of both k (grams or kilograms)

Correct calculation for both k, to appropriate s.f.

3(e)()

Justification of s.f. in k linked to significant figures in m and 8.

3(e)(i)

Correct calculation of percentage difference in k, to appropriate s.f.

Sensible comment relating to percentage difference in k,
testing against percentage uncertainty of & from 3(c)(iii).
Values calculated must be explicitly stated.

3(f)

Choose 100 g over 200 g because larger angle measured so lower
percentage error in W% x100%

Clear evidence of method to measure length of rubber band
Table of values with correct column headings.

Length values repeated and average found, to 1 d.p. in cm.
& values repeated and average found, to nearest degree.

Clear trend that is described in words

Two readings insufficient to show trend so take more readings and plot
suitable graph.

Page 4 of 6
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