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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 electron

rest mass of proton

molar gas constant

the Avogadro constant

the Bolizmann constant
gravitational constant

acceleration of free fail
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Total
(80)

¢ = 3,00 x 10°ms™

Hy = Am x 107 HM

&, = 885 x 107Fm™’

(1/(36m)) x 10°Fm™

e = 1.60 x 107°C
h=663x10Js
v =1.66x 10%kg

me = 9.11 x 10" kg

m, = 1.87 x 107 kg

R = 8.31JK 'mol™

Na = 6.02 x 10%°mol™
k=1.38x10°2JK"

G = 6.67 x 107" Nm?kg™

g=981ms™



Formulae

uniformly accelerated motion

work done on/by a gas

hydrostatic pressure
gravitational potential

temperature

pressure of an ideal gas

mean transtational 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 coll

magnetic flux density due to a long solenoid

radioactive decay

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

(a) Use Newton's laws of motion to explain why a body moving with uniform speed in a circle
must experience a force towards the centre of the circle.

b) Fig. 1.1 shows the construction of a simple accelerometer that is used to measure the
centripetal acceleration of a car turning into a corner.

/ . pointer
V4
4 LEd 1 /::11\

[« .
J

centre of bend
Y

%

accelerometer

path of the car

Fig. 1.1 (not to scale}

The two ends A and B of the accelerometer are fixed to the car. A mass M is connected to
two identical springs and it moves between A and B with negligible friction. A pointer attached

to M indicates the acceleration of the car.
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The car enters the corner at a speed of 25 km h~'. The radius of the path of the car is 7.0 m.

(i) Determine the centripetal acceleration of the car.

centripetal acceleration = ... m s [2]

(i) The mass M between the springs in the accelerometer is 0.50 kg. A test shows that
a force of 1.0 N moves the pointer by 5.0 mm from its equilibrium position.

Determine the displacement of the pointer from the equilibrium position when the car
is tumning into the comer.

displacement = ... mm [2]

(i)  End B is nearer to the centre of the bend compared to A. Explain, in terms of forces

exerted by the springs, whether the pointer of the accelerometer moves towards end
AorB.

[Total: 9]
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(a) Define gravitational potential at a point.

A satellite of mass m is in a circular orbit of radius ry around the Earth. It is transferred to a

(b)
new circular orbit of radius r» as shown in Fig. 2.1 by firing its thrusters.
sateilite

& mass m

- L

- -
aﬁi P ﬁefé
gﬁ ’,"‘” *n *
£ M{ A
i # .
i s 7;
; . '
H oy
N
¢
# ‘f
A
sﬁ'-ﬁiﬁ
.

Fig. 2.1

The mass of the Earth is M and the gravitational constant is G.
Show that the increase in potential energy ®Er of the satellite is given by

(i)
1

AE, = GMm(—— wl}
r .
[l

S P
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(il The speed of the satellite at r. is smaller than at 1. A student claims that by
conservation of energy, the decrease in kinetic energy of the satellite is equal to the
increase in gravitational potential energy. Explain why the student is not correct.

(©) A rock of mass my, initially at rest at infinity, falls towards the satellite orbiting at a radius of
r2. The gravitational force between the rock and the satellite is negligible. Determine the
speed v of the rock as it hits the satellite in terms of G, M, m, m,, r and r-. [3]

[Total: 7]
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(a)

According to the kinetic theory of gases, the average random translational kinetic energy Ex
of an ideal gas particle is given by:
3
E,=—kT
2

where k is the Boltzmann constant and T is the thermodynamic temperature of the gas.

(i)

Using the above expression, show that the root-mean-square speed Crms. ofthe gas
particles is given by:
[3RT
Cr m.a = \j
M

where R is the molar gas constant and M is the molar mass.

(2]

(i) A sealed canister contains 0.200 mol of oxygen (molar mass = 32 g). An identical
canister contains 0.300 mol of nitrogen (molar mass = 28 g) at the same temperature.

Assumning ideal gas behaviour, determine the ratio

of oxygen molecules
of nitrogen molecules

cr.m.s.

<

I.m.s.
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(b) The root-mean-square speed of particles at the centre of the Sun is 4.85 x 105 m s' and the
density of the particles in that region is 1.50 x 10% kg m.

(i) Assuming that the particles behaved like ideal gas, calculate the pressure in that
region.

pressure = ................ Pa[2]
(i) The actual pressure at the centre of the Sun is much higher than the value calculated

above. This shows that some of the assumptions used in the kinetic theory of gases
cannot be applied to the particles in that region of the Sun.

State one assumption that is no longer applicable and explain how it leads to the
actual pressure being higher than the one calculated above.

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

[Turn over
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(c) A fixed mass of ideal gas is made to undergo the processes shown in Fig 3.1 starting from

state A.
T i ! T [
- .
pressure/ 105Pa
X

B A
| T ] =
0.08 012 0.18 020 0.24

volume/m®

Fig. 3.1

Complete the table below for each of the processes shown in Fig. 3.1.

Process w/kJ q/kJ ®U 7 kd
AtoB 67.2

BtoC 0

CtoA 31.6 316 0

0.28

[3]

[Total: 10}
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4 A test-tube of cross-sectional area A is loaded with lead shots. It rests in equilibrium in a beaker of
water of density p as shown in Fig. 4.1, with a length L submerged in the water.

}"'

Fig. 4.1

(@) ()  OnFig. 4.1, draw and label the forces acting on the loaded test-tube. [21

(i)  Derive an expression for the mass of the loaded test tube in terms of ), A, and L.

[21



(b)
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The loaded test-tube is displaced downward and released, which causes it to bob up and
down in simple harmonic motion. At a particular instant in time, the loaded test-tube is at a
distance x below the equilibrium position, as shown in Fig. 4.2.

{0

(ii)

2%
R JUN Muwssd

Fig. 4.2

lgnoring resistive forces, show that the resultant force F acting on the loaded test-
tube at this instant is given by:

F =-pAxg

where g is the acceleration of free fall.

(2]

Hence or otherwise, show that the angular frequency /of oscillation of the loaded
test-tube is given by:
o- 7

L
[3]

{Turn over




(iii)

(iv)
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Given that the mass of the loaded test-tube is 50 g, L is 12.5 cm and the amplitude
of oscillation is 1.5 cm.

Calculate the total energy of oscillation.

Totalenergy = ..........ccovceenens J 2]

The loaded test-tube is at the lowest position at ¢ = 0. The period of oscillation is T.
On Fig. 4.3, sketch a clearly labelled graph showing the variation with time of the
kinetic energy of the loaded test-tube for two complete oscillations. Ignore resistive

forces.

Indicate the maximum kinetic energy of the loaded tesi-tube along the vertical axis.

kinetic energy / J
F 3

-
»

tmels

Fig. 4.3
(2]

[Total: 13]
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(a) Coherent light of wavelength 530 nm is incident normally on a double slit, as shown in

Fig. 5.1.
double scresn
slit /
— t ¥

| 0.31 mm

i
coherent 12mm e — e e P {central maximum)

fight ——

0.31 mm
__—-’

- 23m ™

Fig. 5.1 (not to scale)

The separation of the slits is 1.2 mm and the width of each slit is 0.31 mm.
P is equidistant from the slits.

Fig. 5.2 shows the interference fringes observed near point P on a screen placed parallel to
the plane of the double slit and 2.3 m from it. The central maximum is at P.

central maximum bright fringes

third order first order first order third order

second order second order
Fig. 5.2
(i) Explain why bright fringes are produced.

..............................................................................................................
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.......................................................................................................... [2]
(i) Determine the separation of the bright fringes.
separation = .........c.ocieiiii mm [2]

{b) The double slit in (a) is replaced by a single slit of width 0.31 mm, as shown in Fig. 5.3.

5';?;9 screen
—_—
—_—
CO?:IBF?nt E— 03T MM e e e ——— e Y
light 'y
- $
—_—

23m

Fig. 5.3 (not to scale)
The centre of the interference pattern formed on the screen is at P.

Show that the width of the central fringe observed on the screen is 8.8 mm.

(2]
(c} The fourth order bright fringes in Fig. 5.2 are “missing”.

Explain the reason for the missing fringes.

[Turn over
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[Total: 8]
A positive point charge +Q is positioned at a fixed point X and an identical positive point charge is

positioned at a fixed point Y, as shown in Fig. 6.1.

+Q),-( ----------- ﬁ ----------------------- ? ------------ *+Q
L 25cm . 25em
: ' 10.0cm R
Fig. 6.1

The charges are separated in a vacuum by a distance of 10.0 cm.

Points A and B are on the line XY. Point A is a distance of 2.5 cm from X and point B is a distance
of 2.5 cm from Y. The electric field strength at point A is 4.1 x 107°V m.

{a) Calculate charge +Q.

FQZ oo eeereeeeeessrimrreenenssssannennen:C [ 2]

(b} On Fig. 6.2, sketch the variation with distance d of the electric field strength £ from A to B,
along the line AB.

5
E/105Vm'

oY)
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Fig 6.2
(2]
(c) A small positive charge is released at rest at d = 1.0 cm.
Using your graph in (b}, explain why the charge oscillates about a fixed point along the line
AB.

[Total: 6]
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A d.c. converter converts direct steady voltage V into an alternating voltage of root-mean-square
value Vims. The output voltage Vims from the d.c. converter is equal to V.

Fig. 7.1 shows a steady d.c. supply of 2.4 V connected to the d.c. converter. The output from the
d.c. converter is connected to a transformer to step up the voltage so that it can power a camera
flash lamp.

Steady s—1—s -~ :
d.c. d.c. converter To fiash 1
supply of o
2_4V -l * . QS

Fig. 7.1

(@) The ratio of the number of turns in the primary coil to the secondary coil is 1:50, calculate the
maximum output voltage of the transformer.

maximum output voltage = ... V[2]

(b) Fig 7.2 shows the variation with time of the output voltage across RS.
VIV

A

Max Voltage |- --— g ---rrm-mmmmm s

» I/ Mms

0 10
Fig. 7.2

The resistance of the flash lamp is 47 A. Calculate the average power supplied to the flash
lamp.

AVErage POWET = ......oooiiiiire e miiinienn s W [2]



(c)

(d)

(e)
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The diode in Fig. 7.1. is replaced with a network of diodes to produce the output voitage
across RS as shown in Fig. 7.3.

Viv

&

Max Voltage |----same s ooz mmm oo e

» f/ms

0 10 20 30
Fig. 7.3

Determine the new average power supplied to the same flash lamp.

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

[Turn over
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Section B

Answer one question from this Section in the spaces provided.

Fig. 8.1 (top view) shows a metal ring of mass m and radius r, falling from rest within a
horizontal radial magnetic field.

Metal ring

Region of radial
magnetic field

Fig. 8.1 (top view)

The centre of the ring coincides with the centre of the radial magnetic field.

The ring has a resistance R and the average magnetic flux density at the ring’s position is B.
At time ¢, the ring has speed v and acceleration a.

(i} Show that the magnetic fux cut by the ring from time ¢ to t+®t, where ®tis a short

time interval is given by:

AQ =2nrBvAl
[1]

(ki) Show that the current / induced in the ring is given by:

_ 2arBv
R

I

[2]
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(iiiy  Air resistance is negligible. Show that the acceleration a of the ring is given by:

(2an)2 v

a=g-
g mR

where g is the acceleration of free fall.

(2]

(iif}  The average magnetic flux density B at the ring’s position is 0.800 T. The ring has a
resistance R = 2.30 x 10* A, radius r=3.00 cm and mass m = 0.0235 kg.

Determine the maximum speed of the ring.

maximum speed = .................. m s [3]

[Turn over
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(iv)  On Fig. 8.2a and Fig 8.2b below, sketch the variation with time t of

1. the velocity v of the ring. (2]
2. the acceleration a of the ring. i1
VA a 4
g__
0 >t 0 —> ¢
Fig. 8.2a Fig. 8.2b

(b} Fig. 8.3 shows the ring in (a}, with one quadrant removed and placed in a uniform magnetic

field of flux density 0.500 T.
X X X X X X X
)
1
i X X X
':
N x X x
i
1
: X X X
|
X X X
X X X X X X X

Fig. 8.3

The three-quarter ring is moved at a constant speed of 3.00 cm s towards the right.

{i)y Determine the e.m.f. induced across the two free ends P and Q.

(ii) State whichend (PorQ)isata higher potential.
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higher potential at ............ il

(c} Fig. 8.4 shows three long straight current-carrying conductors placed paralle! to one another.

5.0cm
20A -

20 A 20 A

J 10.0 cm

10.0 cm ‘

Fig. 8.4

() Determine the resultant magnetic flux density at X.

Fluxdensityat X = .....................cocevmieennnn.. T[2]

Direction=..........ccooeiviiiiiiiinii . []

[Turn over
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{ii) The distance measured from the left-most conductor is d.

Curve A in Fig. 8.5 shows the variation with d of the magnetic flux density B due to
the left-most conductor for the range 2.0 cm 3 d & 8.0 cm.

Curve C shows the magnetic flux density due to the current in the right-most
conductor.

Positive values of B represent magnetic flux density pointing out of the page.

On the same figure, sketch the variation with d of

1. the magnetic flux density due to the current in the middie conductor.
Label the curve B and

2. the resultant magnetic flux density due to the current in all three conductors.
Label the curve R.

Magnetic flux density, B

d/cm

Fig. 8.5

[3]

[Total: 20]
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(a) Some data for the work function energy ¢ and the threshold frequency fo of some metal
surfaces are given in Fig. 9.1.

metal /1079 fo/ 10" Hz
sodium 3.8 58
zinc 5.8 8.8
platinum 9.0
Fig. 9.1

(i) State what is meant by the threshold frequency.

(ii) Calculate the threshold frequency for platinum.

threshold freQUeNCY = ......ooiirie e Hz [2]

(iii)  Electromagnetic radiation having a continuous spectrum of wavelengths between
300 nm and 600 nm is incident, in turn, on each of the metals listed in Fig. 9.1.
Determine which metals, if any, will give rise to the emission of electrons.

..............................................................................................................
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(ivy Some data for the variation with frequency f of the maximum kinetic energy Ewax of
electrons emitted from a metal surface are shown in Fig. 9.2.

o R e R EEa oL A
0.5
Epax
/eV 0.4
0.3 : v
REn ] é
0.2+ <
014
-+ W .
0 - =
5.5 6.0 6.5 7.0 7.5
f/10% Hz
Fig. 9.2
1. Explain why emitted electrons may have kinetic energy less than the

maximum at any particular frequency.

2, Determine which metal listed in Fig. 9.1 is used to collect the data in Fig. 9.2.

MeEtal iS5 ..o [2]



(b)
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The first theory of the atom to meet with any success was put forward by Niels Bohr in 1913.

A hydrogen atom consists of a proton, of charge +e, and an electron, of charge ~e. The
electron of mass m orbits the proton at constant speed v. The whole system looks like the
Earth orbiting around the Sun.

(i) For the electron in orbit at a distance r from the proton, show that

1. its kinetic energy Ey is given by:
e2

"~ Bmegr

Ex

2]

2. its total energy Er is given by:

[1]
(i) Show that the de Broglie wavelength of the orbiting electron is given by:
h [4megr

A==
e m

[1]

[Turn over
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The electron wave in (b){ii) forms a circular standing wave such that only an integer
multiples n of wavelength A could fit exactly within the orbit of radius 7,, as shown in
Fig. 9.3.

A wavelength 4

radius r;, \

Fig. 9.3

Applying the condition in Fig. 9.3, it can be shown that the orbital radii in Bohr's atom
is given by:

n2h2£o

wme?

=

Show that the total energy of the electron can be expressed as:

k

Ep=——
n n‘?

where kis a constant.

Determine the value of k, in J.



BP-~195

33

(iv)  The expression you have derived in {b)(iii) is the discrete energy levels in the
hydrogen atom. Transition of the electron from higher energy levels (n > 2) to the
energy level n = 2 gives rise to the Balmer series line spectra.

Show that the Balmer series line spectra correspond to visible light between 350 nm
and 700 nm.

[3]
[Total: 20]
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NJC Preliminary Examination 2024
H2 Physics Paper 3

Solutions and Mark Scheme

Section A
1 (a) change in velocity of the body is always perpendicular fo velocity when speed is constant. B1
acceleration and so resultant force [Newton’s second] is always perpendicular to the velocity B1
velocity is tangent to circular path, so resultant force (perpendicular to the velocity) directed towards
centre of circle B1

(b} [{)] centripetal acceleration

3.2

25%10

( 60X%60 )

-_— M1

7.0
=6.9ms2or6.80 ms> A1
(ii) force on mass = 0.50 X 6.889 = 3.4445 N C1
displacement = 3.4445 x 5.0 =17 mm or 17.2 mm Al

(iif)  extension of spring at B > spring at A / spring at B is extended while spring at A is
compressed to provide this resultant force (towards B or centre) M1

pointer moves towards A. A1l




(a)

(b)

(c)

BP~212

The gravitational potential at a point is defined as the work done per unit mass in bringing a

small test mass from infinity to that point. B1
{i) Increase in potential energy = final potential energy — initial potential energy
__GMm u(_GMm\
n L h J B1
(
=GMm| 1. —1»}
Kr1 f2
1 mark for correct potential energy formula (WITH negative sign) and substituted
correctly.
(ii) Work is done by thrusters M1
Hence total energy increases / not constant M1
increase in potential energy not equal to decrease in kinetic ene AD

Decrease in potential energy = increase of KE
GM 1
0— (— ——'—:mr)) =z (m,)v? -0 or equate total energy
2

M1 for correct decrease in potential energy, M1 for correct increase in KE

{ZGM
v= [——
LF]

A1 for the correct final expression for v.



(a)

(b)

(c)

(B

(H)

(M

(ti)

Kinetic energy of one gas particle (atom / molecule) = > mcZy, = kT
where m is the mass of one gas particle/atom/molecule.

For one mole of gas containing N, particles, the total kinetic energy is given by:

A I Ry ()

From the equation of state of an ideal gas for 1 mole of ideal gas:

pV = (1)RT = N,kT

Substituting NykT = RT into (1) gives:

1 3
ENAmcfm = ERT

Simplifying to get: ¢ = %z figl

Where Nym is the mass of 6.02 x 10% particles = molar mass M.

1
Crms X i

Al

p =370 (c?) =1p(c?) = 3X 150 X 10° X (4.85 x 10%)?

3V

=1.18x 10" Pa
Forces between nuclei/particles are not negligible. ({ignore “attractive”)

Forces are repuisive (at that density) contributing to an increase in pressure

OR

Volume of particles is not negligible (at that density)

Crm.s, Of oxvgen molecules

Crms Of nitrogen molecules

= JE =0.9350r0.94
32
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B1

M1

Al
M1

A1

M1

Resulting in a higher rate (or frequency) of collision compared fo the expected rate,

causing the actual pressure to be higher than the expected value in (b)(i).

Process w/kd q/kJd ®U k)
AtoB 19.2 67.2 —48.0 [B1]
BtoC 0 48.0 48.0 {B1]
Cto A 31.6 31.6 0

A1
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@ o [ W: weight of loaded test-tube
S\rfL: weight of lead shots and W1 weight of test-tube
U: Upthrust / Force by fluid on loaded test-tube
Legend for both Wand U B1
W and U of same length and act along the same vertical iine B1
(Note that arrow of W should originate from C.G. of loaded test-tube
while arrow of U should originate from centre of mass of the displaced
l fluid.)
(ii) Summing forces vertically. mg = Upthrust = JALg M1
mass of loaded test tube, m = JAL Al

(b) (i) Resultant force (in vector notation): F = Upthrust + Weight

F = -pA(L+x)g + mg =-pALg +mg — pAxg M1
Since mg+( JALg)=0 M1
F o *JOAXQ AD

) o Axg=ma

m M1
} _(fﬁg_)x

pAL M1
Since loaded test-tube is in SHM: a = -wiX M1

29 . \]E

=2 W= =

“ 7T so L
(i) Totalenergy =% m w?xg = % (0.050)(9.81/0.125)(0.015)* M1

=0.00044 J A1l
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(iv) o
kinetic energy / J
4.4x10% — ———

HLSCE {SPSI12 OL tUOX KE™ SUQ LSS O 0'L0S R4 IS
el 2psbe of ¢ cAcjee

3 O'AD

AN VAR VAR VAN

L 4

tme /s

correct shape (sin? not modulus) of 4 "humps” with k.e. starting from zero B1

correct label of max K.E. B1




(a)

{b)

{c)

BP-216

()] Waves from the two slits overlap and superpose (debrief point) at points on the
screen B1

When path difference from slits to point is multiples of wavelength / phase difference
between the two waves is multiples of 2m, constructive interference gives bright fringe

B1
(i) (590><1O"9)(2.3)
separation = 3 M1
1.2x10
=1.1mmor1.13 mm A1

, i s9ox107°  «x )
i = = I ee————— O - mst eslne M1
sin sin 0 b 031x10°% D ust se

(500x 10‘9)(2.3)

x X
{tantan @ = ~=73 ledto x = i
width = 2x M1
=8.8mm Al

Diffraction minimum is (8.8 / 2 =) 4.4 mm from P and the fourth order bright fringe is (1.1 X
4 =) 4.4 mm from P B1

Position of 4™ order interference maximum coincides/overlap with (first order) diffraction
minimum. BA1



(a)

(b)

(c)

BP-~217

E = Q/4weor® or E = kQ / P with k defined / substituted in
41x105=[Q/ (47 x 8.85 x107"2 x 0.025%)] — [Q/ (41 x 8.85 x 1072 x 0.075%)] M1
Q=32x10"%C A1l

s

Efrtvm

correct shape (start positive E, gradient trend) B1
through points (0, 4.1 x 1075) (2.5, 0) & (5.0, - 4.1 x 105) B1

Using the graph, E-field strength on the left of d = 2.5 cm is positive, while on the right is
negative. Thus, the graph shows E-field is always directed towards the d = 2.5 cm. B1

Electric Force, F = gE, (or acceleration) on positive charge is always opposite to
displacement fromd = 2.5 cm B1




(a)

(b)

(€)
(d)
(e)

V=24V=V,
stNp=50=stVp

Vs = 2.4 x 50 =120V

Max Vs =120 x V2
=170V

Pawe =%(¥%)Po

=Y V¥R

=% 1702/ 47

=154 W

Prew = 2 Pave = 307 W (allow ecf part b)

Direct voltage since the voltage shown is always positive (w.r.t. time)

Transformers requires an input voltage that varies with time.

BP-~218

M1

A1

C1
A1l
M1

B1

B1



BP-219

g
Section B
8 (a) Q)] Area cut in time ®t is the curved surface area of a cylinder
SS—
traced out by the falling ring. A=(2rr)(vat) Bl e/

Flux cut, A® = BA = B(27r)(vAt)

Comments: Some expianation is expecied in the working since this is a “show”

question. No credit for candidates who just write A® 7 B(2ari{val)

(i )
From Faraday’s Law, induced e.m.f. At M1
B(2 At
At
E
Induced current K M1
_2mrBv
R
(iii)  Magnetic force exerted by the radial magnetic field
on the induced current in the ring, Fp = BIL = B({.:)(2rr) M1
From Newton's 2" Law: Resultant force on the ring ~ mg - Fg = ma M1
mg — B[znrgvj(hr) =ma
R
_ (27:1’8)2 v
mR AD
(i)  Maximum speed (when a = Q) is
_ mgR
Vmax = (2mrB)? C1
_ (0.0235)(9.81)(2.30x107%) M1

(2mrx0.03%0.800)2

=233x10°ms?! Al
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(iv) VA aa
233%x10° M sMommeocmooza - d
0 > 0 —>t
Fig. 8.2a Fig. 8.2b
Correct shape B1
labe! terminal velocity B1
Correct shape for a-t graph B1
(b) () Induced e.m.f. = Brv =0.500 x 0.03 x 0.03 M1
=450x10*V Al
(i) Q B1
Explanation for (i) above
Polarity of induced
X X X x X XX omf (use FRHR)
X X ++
X X
X X =
X X X
X X X X X X X

Area cut/swept in time t is equal to the area of the shaded rectangle.
Induced emf for the semi-circle.
Induced emf for the quarter circle

Net induced emf

(c) (i) Flux density due to the two conductors camying 20 A will cancel at X leaving the

resultant flux density = ﬁ.ﬁ(%% M1

=1.20x10*T Al

Out of the page B1
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UNEEI

BIG o .

320(33-

o Q.01 062 003 0Dd 005 006 007 008 009
: o : .
200 -

Correct shape and negative values for curve B B1
Correct shape for R B1
R must pass through 2 out of 3 circled points. B1




C)

(b)

(i)

(i

(iii)

(iv)

(i)

(i)

(iii)

12

lowest frequency of electromagnetic radiation

giving rise to emission of electrons (from the surface)

threshold frequency = (9.0 x 10-"%) / (6.63 X 107)
=1.4 X 10"° Hz

either

frequency of radiation between 5 X 10™ Hz and 10 x 10* Hz
or energy of photons between 3.3 x 107® Jand 6.6 X 107 J

BP-222

M1
A1l
M1

Al

or threshold wavelength: zinc = 340 nm, sodium = 520 nm, platinum = 220 nm

M1
emission from sodium and zinc A1l
1. photon interact with electron below surface M1

energy required to bring electron to surface Al
2, show threshold frequency is 5.8 x 10" Hz
e.g extrapolate graph to intersect with x-axis
e.g chose a point (7.0, 0.5) and substitute into Euax = g(f - fo) M1
metal is sodium A1
1. centripetal force of orbiting electron provided by electric force acted by proton
dso™ = £ M1
anc so ¥ dnsgr?
correct manipulation to obtain %mvz = expression A1
2. _ e? 22
ET - 8regr + (— 41:507') M1
2
e
ET - BTEEOT AD
h h
= = 1
A N f 5 M
Mxm
1= J‘_! '41[507’ A0
e m
2 4 9
Ep =— enzhzz = 5:r;;hz oy B1
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met (9.11x1o‘3’)(1.60x1o"9)4

=D o M1
Beg*h? 8(8.85x10‘12)2(6.63x10’34)2

k=217x10""8; A1
(iv) _he
A= AE

longest wavelength for transition from n = 3 to n = 2 and shortest wavelength from n

=coton=2 C1
correctly show longest wavelength is 660 nm M1
correct show shortest wavelength is 367 nm M1

s0, Balmer series are visible AQ
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