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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 Boltzmann constant
gravitational constant

acceleration of free fall

c= 3.00x108ms"
o = 4nx 107 Hm™

8.85x 1072 Fm™

& =
(1/(36x)) x 10° F m™"

e=160x107"C

h=663x10%Js

u=166x102kg

m,= 9.11x 10 kg
m_ = 187 x 107 kg

R = 8.31J K" mol™
N, = 6.02 x 10% mol™

k= 138x102JK"

G = 6.67 x 107" N m2kg™

g=981ms?
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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 moiecule

displacement of particle in s.h.m.

velocity of particle in s.h.m.

electric curent
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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Answer all the questions in the spaces provided.

1 (a) State the principle of conservation of linear momentum.

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

(b) Along a horizontal frictionless surface, ball A moves with speed v towards a stationary
ball B as shown in Fig. 1.1. Ball A has mass 4.0 kg and ball B has mass 12 kg.

8.0ms™’
4.0kg ®/

Fig. 1.1 Fig. 1.2

The balls collide and then move apart as shown in Fig. 1.2.
Ball A has velocity 6.0 m s™ at an angle of 8to the direction of its initial path.
Ball B has velocity 3.5 m 7' at an angle of 30° to the direction of the initial path of ball A.

(i) By considering the components of momentum at right-angles to the direction of the
initial path of ball A, determine 4.

(i) Hence, determine the initial speed v of ball A.
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(iii}  State and explain whether the collision is elastic or inelastic.

[Total: 8]
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2 A spring is kept horizontal by attaching it to points A and B, as shown in Fig. 2.1

shider spring
cart, mass 1.7kg v [~ support
’ T
I
N
b} @] - N
T T A A TS 7

Fig. 2.1

Point A is on a movable slider and point B is on a fixed support. A cart of mass 1.7 kg has
horizontal velocity vtowards the slider. The cart collides with the slider. The spring compressed

as the cart comes to rest.

The variation of compression x of the spring with force F exerted on the spring is shown in
Fig. 2.2.

451

Y

3.5

FiN

2.5

154 NS,
0.5 1.0 1.5 2.0
xicm

Fig. 2.2

Fig. 2.2 shows the compression of the spring for F = 1.5 N to F=4.5 N. The cart comes to rest
when Fis 4.5 N.

(a) UseFig.2.2to

(i) show that the compression of the spring obeys Hooke's law,

[2]
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(f) determine the elastic potential energy £- stored in the spring when the cart is brought
to rest.

Eo= oo, J12]

{b) Calculate the speed v of the cart as it makes contact with the slider. Assume that all the
kinetic energy of the cart is converted to the elastic potential energy of the spring.

[Total: 6]
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A beam of unpolarised fight is incident normally on a polarcid P as shown in Fig. 3.1. The
polarised light after passing through polarcid P has amplitude A and intensity fo.

polarisation

axis ) polarisation
1 polarised 0 axis
light ,
|
&
i ‘amplitude

unpolarised
light

t amplitude A

polaroid P intensity I, / : '
eye

polaroid Q

Fig. 3.1

polaroid P then passes through polaroid Q whose polarisation axis is

The polarised light from
arcid P. This polarised light from Q has

inclined at an angle & to the polarisation axis of pol
amplitude A cos 6.

(a) In Fig. 3.2, sketch a graph showing the variation of intensity of the polarised light from

polaroid Q when it is rotated through #=0° to 6= 360°.
Label ali values on the axes.

intensity

?

8/

Fig. 3.2
[2)
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(b} Polaroid Q is now fixed with its polarisation axis kept at 90° fo that of polaroid P.
A third polaroid R is then inserted between polaroids P and Q, with its polarisation axis
inclined at an angle ¢ to the polarisation axis of polaroid P, as shown in Fig. 3.3.

polarisation polarisation polarisation axis

axis axis kept at 90°

v .:tg//

P2

5

unpolarised _
light N / - »
polaroid P N
polaroid R ‘ eye
polaroid Q
Fig. 3.3

() Calculate the intensity of the polarised light from polaroid Q in terms of 7, when ¢is
30°.

intensity = ... [2]
(i) In Fig. 3.4, sketch a graph showing the variation of intensity of the polarised light

from polaroid Q when polaroid R is rotated through ¢ = 0° to ¢ = 360°.
Label all values on the axes.

intensity Jr

0 »
¢/
Fig. 3.4
(3]
{¢) Explain why longitudinal waves cannot be polarised.
................................................................................................................... [1]
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[Total: 8]
4 (a) State two differences between progressive waves and stationary waves.
T O P PP PR R PSP PP PRPEE L
O PISUUP S PPSPPREPPRP I EPEEPI R PP
(2]

. metal reflector R
microwave detector D

microwave
source
S

Fig. 4.1 (not to scale)

A microwave detector D is placed between R and S.

Describe

(i} how stationary waves are formed between R and 5,

Fig. 4.1.
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(c) The metal reflector R in (b} is replaced by ancther microwave source P which is in phase
with source S, as shown in Fig. 4.2. '
microwave
source P
microwave detector D

microwave
source
S

Fig. 4.2 {not to scale)

State and explain the reading of the detector D when it is positioned equidistant from the
two sources.

[Total: 11]
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(a) Two small charged metal spheres Aand B are situated in a vacuum. The distance between
the centres of the spheres is 12.0 cm, as shown in Fig. 5.1.

12.0 cm

‘ '
- -t
[l —!

sphere A O P i sphere B
-------------------------------- L @)

el
i

Y

Fig. 5.1

The charge on each sphere may be assumed to be a point charge at the centre of the
sphere. Point P is a movable point that lies on the line joining the centres of the spheres
and is distance x from the centre of sphere A.

The variation with distance x of the electric field strength E at point P is shown in Fig. 5.2.
150

E/108NC™’

100

50

x/em

-100

|
|

-150

-200
Fig. 5.2
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(i) Explain whether the charges have the same, or opposite, signs.

........................................................................................................... [2]
(i) Determine the ratio charge on sphere A .
chargeon sphereB
Explain your working.
ratio= ...l [3]
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{b) Two long parallel plates are set a distance of 5.0 cm apart in vacuum as shown in Fig 5.3.
The top plate is at a potential of —200 V and the bottom plate is at a potential of —100 V.

I 50cm

—200V

electron

—l
»

31%x10 ms

1

-100V

Fig. 5.3

An electron is projected horizontally at a speed of 3.1 x 10" m s~!, mid-way between the
plates.

(i) Determine the magnitude and direction of the electric field strength.

magnitude = ... NC'{1}
direction = ........ocoovieii 1]

(i) Determine the magnitude of the acceleration of the electron.

magnitude of acceleration = ... m s™2[2]

(iii)y Determine the change in potential energy of the electron from the point of entry until
it reaches one of the plates.

change in potential energy = .................... J[2]

[Total: 11]
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6 A small coil is positioned so that its axis lies along the axis of a large bar magnet, as shown in
Fig. 6.1.

axis of coil

and magnet

X

The coil has a diameter of 5.3 mm and contains 180 turns of wire. The ends of the coil are
connected to a voltmeter.

coil

Fig. 6.1

The average magnetic flux density B8 through the coil varies with the distance x between the
face of the magnet and the plane of the coil as shown in Fig. 6.2.

80
L1

B/mT i

80 3

- LY
40
N
\\
20 <
o H R :
0 5 10 15 20 25

xfem
Fig. 6.2

The coil is initially 5.0 cm from the face of the magnet.
It is then moved at constant speed along the axis of coil and magnet to x = 20 cm in a time of

0.30s.
As the coil is being moved, a deflection is observed in the voltmeter.
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(a} Determine the average induced e.m.f induced in the coil.

(b) The voltmeter is now repiaced with a resistor and the coil is again moved away from the
magnet at constant speed. As the coil moves, thermal energy is transferred in the resistor.

Use laws of electromagnetic induction to explain the origin of this thermal energy.

[Total: 6]
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7 (a) A photocell may be used to demonstrate the photoelectric effect. Fig. 7.1 shows a
photocell connected to a circuit.

collector C
. L

electromagnetic

radiation

6/) variable
4 d.c. supply
photosensitive vacuum
metal plate E /\
N

Fig. 7.1

The photocell consists of two metal plates E and C. The metal plate E is sensitive to
electromagnetic radiation. The plate E is illuminated by electromagnetic radiation of
frequency greater than the threshold frequency. Photoelectrons are emitted towards the
collecting plate C. A sensitive ammeter measures the photoelectric current.

Fig. 7.2 shows the variation with potential difference V of the photoelectric current I for
radiation of a particular intensity.

11111111

ViV
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() With reference to photoelectrons, explain the significance of the sloping section of
the graph for negative values of potential difference.

(i) Use Fig. 7.2 to determine the maximum speed vimax of the photoelectrons. Explain
your working clearly.

n
3
)

A

—
w3

=]

Vmax = criii i

(iiiy The intensity of the electromagnetic radiation is halved but its frequency is kept
constant.
On Fig. 7.2, sketch a graph to show the new J-V characteristic. [2]

(b) In a particular laboratory experiment, a zinc plate has a work function of 5.8 x 10-1¢ J.
Ultraviolet light of wavelength 120 nm is incident on the zinc plate. A photoelectric current

Iis detected.

In order to view the apparatus more clearly, a second lamp emitting light of wavelength
450 nm is switched on. No change is made to the ultraviolet lamp.

Using appropriate calculations, state and explain the effect on the photoelectric current
of switching on this second famp.

[Total: 10}
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Read the passage below and answer the questions that follow.
X-ray and magnetic resonance imaging (MR|) are some modem imaging techniques in
medicine that uses externally placed devices to obtain diagnostic information from underneath
the skin.

A modern form of X-ray tube used to obtain the internal body structure of a patient is shown in

Fig. 8.1 (not to scale).
lead casing
cooled
metal

|

- w a'/node
// > S
heated filament ..o ated %
(cathode) chamber X-ray window
@—— patient
—— photographic
film
Fig. 8.1

In the X-ray tube, electrons emitted from the heated filament are accelerated through a large
potential difference towards the metal anode, producing X-rays. The filament at the cathode is
typically made of thin tungsten wire. The X-rays produced are controlled and directed to leave
the X-ray tube via a window. As the X-ray beams pass through the patient, varying degree of
X-ray gets absorbed, depending on the composition of the body. The remaining X-rays then
reach the photographic film where a contrast image of the internal body structure is obtained.
Good contrast is achieved if there is a clear difference in the biackening of the photographic
film as the X-ray passes through and gets absorbed by different types of tissue in the patient.
Typically, a good contrast is obtained when the ratio of the transmitted X-rays between different
body parts has an order of magnitude of at least 1.

The gradual decrease in intensity of a beam of X-ray as it passes through matter is represented
by the equation
I = Ioe_px

where I, is the initial intensity, x is the thickness of the material, / is the transmitted intensity
and p is the absorption (attenuation) coefficient. Fig. 8.2 shows the absorption (attenuation)
coefficient of some matter with 30 keV X-rays.

matter ulem
blood 0.41
bone 2.46
brain 0.41
muscle 0.40
Fig. 8.2
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Magpnetic resonance imaging (MRI) is another imaging technique that relies on the fact that
some atomic nuclei behave like tiny magnets in an external magnetic field.

In MR, it is usually the nuclei of hydrogen atoms that are studied, since hydrogen atoms are
present in all tissues. The hydrogen nucleus contains only one proton, and it has a property
called spin. When a very strong external magnetic field is applied, the magnetic axis of a
hydrogen nucleus does not align itself directly along the external magnetic field, but rotates
around it, just like the axis of a spinning top, as shown in Fig. 8.3. This rotation or gyration
action is known as precession.

- ~—

path of o~
precession

axis of spin e spin

magnetic field
Fig. 8.3

The angular frequency of precession is called the Lammor frequency, wo, and depends on the
individual nucleus and the magnetic flux density B, of the magnetic field.

wo= yBy

The quantity y is the gyromagnetic ratio for the nucleus and is a measure of its magnetism. For
hydrogen nucleus, the ratio is approximately 2.68 x 10® rad s T-'.

Fig. 8.4 shows an MRI scanner comprising three set of coils: main coil, gradient coil and radio
frequency (RF) coil. The main coil is a solenoid that is 2.2 m long and 1.0 m in diameter. It is
made of superconducting wire that carries a current of 750 A and produces an external
magnetic field of 1.5 T. To achieve superconductivity, the main coil is cooled using liquid helium
to a temperature slightly below the boiling point of helium at 4.2 K.

main coil

gradient coil
Fig. 8.4
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A set of gradient coils produces an additional external magnetic field that alters the magnitude
of the magnetic flux density across the length, depth and width of the patient. A radio frequency
(RF) coil transmits RF pulses into the body that causes nuclear magnetic resonance of the
hydrogen nuclei.

When the RF coil is switched off, the hydrogen nuclei relax and release energy in the form of
RF waves that can be detected. The rate of relaxation of the nuclei follows an exponential
decay curve. This can be characterised by a spin-lattice relaxation time, t.

Fig. 8.5 shows f of some matter in a magnetic flux density of 1.5 T.

matter tims
blood, oxygenated 1200 — 1600
bone < 100
brain, gray matter 900 - 1300
brain, white matter 600 — 800
muscle 900 - 1000
Fig. 8.5

Different tissues can be distinguished by the different rates at which they release energy after
they have been forced to oscillate.

(a) Explain the principles of production of the continuous X-ray spectrum.
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(c) A cross-section of a mode! arm is shown in Fig. 8.6.

In an investigation into the absorption of X-ray radiation in the mode! arm, parallel X-ray
beams of 30 keV are directed aiong the line MM and along the line BB.

4.0 cm:
()

muscle bone

—
" B.O0cm
Fig. 8.6
() Calculate the ratio

intensity of transmitted X-ray beam from model
intensity of incident X-ray beam on model

for a parallel X-ray beam directed along the line

1. MM,

9749/02/ASRIC/2024PRELIM
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........................................................................................................... 2]

(d) MRI scanning typically takes 30 minutes to more than 1 hour. Explain why MR! is
particularly suitable for producing detailed images of the brain compared to X-ray, despite

the longer duration compared to X-ray.

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

.................................................................................................................. (2]
(e) State one disadvantage of using MRL
.................................................................................................................. [1]
(f) Determine the number of turns in the main coil of the MRI scanner.
number of turns = ... 2]

(g} Determine the frequency of the pulse of the RF waves required to cause nuclear magnetic
resonance of hydrogen nuclei in the MRI scanner.

frequency = ..o

(h) During an MRI procedure, a small segment of the main coil loses its superconductivity,
and the resistance of the wire suddenly increases to 0.0045 Q). An increase in temperature
of the main coil occurs, causing liquid helium to rapidly vaporise. The latent heat of

vaporisation of helium is 21 kJ kg™

Determine the initial rate of vaporisation of liquid helium.

initial rate of vaporisation = ...
[Total: 20]
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Anderson Serangoon Junior College 2024 H2 Physics Preliminary Examination Mark Scheme
Paper 2 (80 marks)

1a The net momentum of a system remains constant B1
provided no external resultant force acts on the system. B1

1bi (total initial momentum in the direction at right-angles to the direction of the initial path
of ball A= 0)

(taking t as positive} 0=4.0 x 6.0 sin 8- 12 x 3.5 sin 30° C1
6=61° Al

1bii | Considering momentum along the direction of the initiaf path of ball A:

By Conservation of linear momentum,
total initial momentum = total final momentum

40xv=40x6.0cos61°+12 % 3.5cos 30° C1
v=12ms" A1
1biii | total initial k.e. = ¥4 (4)(12)2 =288 J
total final k.e. = V2 (4)(6.0)2 + ¥4 (12)(3.5)2 = 145.5 J M1
Since the total kinetic energy before and after collision is different, the collision is | A1
inelastic.
2ai take any two sets of coordinates to determine a constant value (F/x) M1
F/x constant hence obeys Hooke's law Al
2aii 45-15

=250Nm™

T (18-06)x107

Ep = area under graph or %Fx or ¥kx? c1
=0.5%x45x18x1020r 0.5 x 250 * (1.8 x 10-2)2 A1
= 0.041 J (0.0405 J)

2b Loss in KE of cart = Gain in EPE of spring
KE = 2mv? = 0.0405 C1
v=(2%0.0405/1.7)*=022m s A1
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3a Intensity is proportional to (amplitude)®
Since amplitude is A cos 0, the graph of amplitude is a cosine function.
Hence I = kA% cos? 8 (Malus' Law}
~ 8r
Shape: M1 L‘\":
Axes values: Al
3bi |7=kA?cos? ¢, and I, = kA?
Intensity after passing through polaroid R = J,cos? 30°= 0.75 Io C1
intensity after passing through polaroid Q = (0.75 L) cos? (90°—30°)=0.19 v Al
3bii A _
intensity
0.250 |- e W
0.18/,
0 3045 90 180 270 360 ¢°
Working below is not required: P R
Intensity after passing through polaroid R, Ir = I, cos’ ¢ %ﬂ)"— ¢
Intensity after passing through polaroid Q = Ircos? (90° - ¢) Q
=1,cos’ ¢ sin’ ¢ /
= I, (0.5 sin 2¢)° where sin 26 = 2 sin 8 cos 0
= 0.25 I, sin® 2¢
Shape: sine-square graph with 4 cycles, starting with zero M1
labelling of every 45° A1
correct maximum value — 0.25 [ B1
3c Longitudinal waves cannot be polarised because the oscillation of particles in the wave | A1

is parallel to its direction of energy transfer.
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3
4a progressive waves fransfer/propagate energy and energy in a stationary waves is B2
localised/stored, OR
amplitude constant for progressive wave and varies (from max/antinode to
min/zero/node) for stationary wave, OR
for stationary waves, particles within a loop/segment are in phase and for progressive
wave particles within a wavelength are out of phase
Any 2 of the above.
4bi wave/microwave from source/S reflects at reflector R B1
reflected and (further) incident waves overlap/meet/superpose B1
waves have same frequency/wavelength/period/speed and (amplitude), (so stationary | B1
waves are formed)
4bii | detector/D is moved between reflector/R and source/S B1
maximum and minimum/zero observed on meter/readings/measurements/recordings B1
4biii | determine/measure the distance between adjacent nodes/minima or B1
maxima/antinodes or across specific number of nodes/antinodes
wavelength is twice distance between adjacent nodes/minima or maxima/antinodes (or | B1
other correct method of calculation of wavelength from measurement)
dc Waves from the two sources travel the same distance to the detector so the path M1
difference is zero,
constructive interference happens so the reading is maximum. A1
Sai Since the field strength is zero at a point between the spheres / there are two sections | M1
of the graph that are of opposite signs hence opposite direction of E-field
therefore the charges are the same sign. A1
5aii | At x = 0.08 m, the efectric field strength due to sphere A cancels out the electric field | M1
strength due to sphere B OR net E is zero.
En=Ep
Qu _ Q
4rz, (0.080) 4z, (0.040)° M1
2
9_(0oe0y_ 4 A

Qs

BP~181
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Sbi E = V/d =100 /0.050 = 2000 N C B1
Direction of electric field strength is upwards (high to low potentiat) B1
5bii ac 9E
m
= ((1.6 x 107'9) (2000) / (9.11 x 10™%") C1
=3.5x10"ms? A1
5bhili | AU =gAV
= (- 1.6 x 10°'%) [(- 100) — (- 150)] C1
=-8.0x10"4J Al
6a change in magnetic flux density AB=5—-50=— 45 mT (from graph, accept positive B1
value)
average induced e.m.f. = A® / At = ANBA / At = NA AB /At C1
= 180 x 1 (5.3x10%/2)? x(~ 45x10?) / 0.30
= - 5.0957x10% =—6.0x10* V A1
6b As the coil moves away from the magnet, there is a rate of change of magnetic flux
linkage through the coil due to the decreasing magnetic flux density resulting in an B1
induced e.m.f. in the coil, according to Faraday’s law.
With the resistor connected in a closed loop with the coil, a current is induced in the B1
closed loop / coil that opposes the motion of the coil, according to Lenz's law.
As work is done (by external force) energy is required to move the coil away at B1
constant speed, this gives rise to the heating effect of induced current (in resistor).
7ai | As p.d. becomes negative, there are photoelectrons that reach collector C, contributing | B1
to the photocurrent, as they have kinetic energy greater than the work done against
electric field between the metal plates.(As the p.d. becomes more negative, only the
more energetic photoelectrons reach the collector C)
Hence, the sloping section of the graph shows that photoelectrons are emitted from | B1
metal plate E with a range of kinetic energies.
7aii | From Fig. 7.2, the stopping potential, V=-22V B1
(Since stopping potential stops the most energetic photoelectrons emitted from metal
plate E, by conservation of energy)
loss in kinetic energy of most energetic photoelectrons = work done against e—field M1
1/2 fr,Vma:p;2 - 0 = qV
T (—1.60x10"9)(—2.2)
Vmax = \’1/2 m 1/2(9.11x10_31)
=879%10ms™ Al
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5
Taili TS R g ; 7 frequency is constant - stopping | B4
11072 potential is the same
] : intensity is halved
=>» rate of photons incident on metal
piate E is halved
Znir => rate of photoelectrons emitted is
A halved
7 = photocurrent is halved at every B1
/ - ‘) respective value of p.d.
-4.0 -2 0 [ 2.0 4,0 6.0
viv
7b Since E = hf or he/A, from work function energy,
_ he _ (s63x 107*)(3.00x 10%) C1
threshold wavelength = T ——— E T
=343 nm
(For photoelectrons to be emitted, the wavelength of the radiation should be less than
the threshold wavelength.)
Since the wavelength of the radiation from the second lamp is longer than the threshoid
wavelength [appropriate comment comparing wavelengths/ energies/ frequencies], Al
there will be no_effect on photoelectric current (as this wavelength does not cause | A1
photoelectric effect of zinc).
Note: Also accept analysis using threshold frequency or minimum energy for
photoelectron emission.
8a Fast moving/ high speed/ high (kinetic) energy electrons moving towards the target B1
metal (anode),
undergo rapid/large deceleration/ acceleration as they interact with the lattice ions. M1
The loss in energy of the electrons is emitted in the form of X-ray photons,
and since the loss of energy can vary according to the interaction, they form the A1
continuous X-ray spectrum.
8b tungsten is ductile so it can be made into thin wires A1
tungsten has a high atomic number
tungsten is a good thermionic emitter / good at emitting electrons
tungsten has a very high melting point
(any one relevant point)
8ci1. | From Fig. 8.2, y of muscle is 0.40 cm™".
ing L= a—#x
Using p=e 1
ratio along MM = g 04%8.0) A1
= 0.041 or 0.0408
8ci2. | From Fig. 8.2, yof bone is 2.46 cm™.

s I
Using . e HX,

BP-~183
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1

ratio along BB = (,in) x (J_a)b e
(s}

muscle

= @040(4.0) x g246(40)

= 0.000011 or 0.0000108
or
I I

ratio along BB = (1%) X (I—D)bone * (E)muscle, 2cm

muscle, 2 cm

= @ 040(20) x g 246(4.0) x @~040(20)
= 0.000011 or 0.0000108

C1

C1
Al

8cii

Since the ratio along BB is 3 orders of magnitude smalier than that along MM,
the contrast is good.

M1
A1

8d

MRI is able to provide excellent contrast between the different parts of the brain (gray
matter, white matter and blood) due to the distinct relaxation times in Fig. 8.5, whereas
X-ray has poor contrast between blood and brain due to similar absorption
coefficients.

MR is safer as it uses magnetic field and radio frequency waves unlike X-rays which
is an ionising radiation and can cause tissue damage causing mutations which can
lead to growth of cancerous tissues.

B1

B1

« small space, not suitable for patient who are claustrophobic

« strong magnetic field can cause ferromagnetic objects in the room to become
projectile posing risk to patient and staff

« metal implants (e.g. pacemaker, cochlear implants}) / ferromagnetic implants in
patients may malfunction / move in the strong magnetic field

» (long scan time) patient needs to remain still for long duration and any reasonable
challenges e.g. any movement may cause blurred image, children or patients who
cannot lie down for long duration.

» ineffective for bone imaging due to fast relaxation times

« helium gas leaking during a quench resulting in suffocation or frostbite

(any one relevant point)

Al

8f

For a solenoid, B = tionf
1.5 = (4rx1077) x n x 750
n=1591.65m"

Hence, number of tums =n x 2.2
= 3500 tumnms

C1

Al

Lamor frequency, @ = yBo
= (2.68x108) x 1.5 = 4.02x10® rad s

frequency of RF wave = of2r
= 4.02x10%/2x
= 64 or 64.0 MHz

C1

A1l

8h

assuming all electrical energy is used to vaporise liquid helium,

rate of electrical heating = rate of vaporisation of liquid helium
ER=mi, where m is the initial rate of vaporization
(750)%(0.0045) = m (21x10%)
m=0.120r0.121 kg s™

C1
A1l
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