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Answer all questions. Answers must be written within the answer boxes provided.
1.  Avraindrop falls vertically from rest.

(a) State the initial acceleration of the raindrop. [1

The graph shows how the speed of the raindrop varies with time .

speed

T T T T T t/S

(b) Explain, by reference to the vertical forces, how the raindrop reaches a constant speed.  [3]

(This question continues on the following page)
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(Question 1 continued)

(c) During the first 3.0 s of motion, the raindrop falls a distance of 21 m and reaches a
speed of 9.0ms™". The mass of the raindrop is 34 mg. The temperature of the raindrop
does not change.

(i) Determine the energy transferred to the air during the first 3.0 s of motion. State
your answer to an appropriate number of significant figures. [3]

(i) Describe the energy change that takes place for t > 3.0s. 1
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2.  Asolar heating panel is placed on the roof of a house in order to heat water in a storage tank.
The rest of the roof is covered with tiles.

(a) On a certain day, the intensity of the solar radiation that is incident perpendicular to the
surface of the panel is 680 Wm™.

The following data are available.

Mass of the water in the tank = 250kg
Initial temperature of the water in the tank = 15°C
Specific heat capacity of water = 4200Jkg 'K
Overall efficiency of the heating system = 0.30
Albedo of the roof tiles = 0.20
Emissivity of the roof tiles = 0.97

(i)  Determine the minimum area of the solar heating panel required to increase the
temperature of all the water in the tank to 30°C during a time of 1.0 hour. [3]

(i)  Estimate, in °C, the temperature of the roof tiles. [3]

(This question continues on the following page)
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(Question 2 continued)

(b) There is an air space above the water in the storage tank with an opening to the
atmosphere. Assume that air behaves like an ideal gas.

/ opening

air space

water

(i) State one way in which a real gas differs from an ideal gas. 1

The air space is always at constant atmospheric pressure and constant volume, as the
water level is kept constant. The air-space temperature and water temperature are the same.

(i)  The water is heated. Explain why the quantity of air in the storage tank decreases. [2]

(c) Another method of harnessing solar energy involves the use of photovoltaic cells.

Outline one advantage of the output of a photovoltaic cell compared to the output of a
solar heating panel. [2]

Turn over
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3.  Astring of length 0.80m is fixed at both ends. The diagram shows a standing wave formed
on the string. P and Q are two particles on the string.

(@) The variation with time t of the displacement of particle P is shown.

displacement

0 t/ms
0.4 8 1.2 1.6 2.4 2.8

(i) Draw, on the axes, a graph to show the variation with t of the displacement of
particle Q. (2]

(i)  Calculate the speed of waves on the string. [2]

(This question continues on the following page)
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(Question 3 continued)

(b) Itis suggested that the speed c of waves in the string is related to the tension force T in
the string according to the equation T = ac’, where a is a constant.

(i) Determine the fundamental Sl unit for a. [2]
(i)  The tension force on the string is doubled. Describe the effect, if any, of this
change on the frequency of the standing wave. [2]

L

(This question continues on page 9)
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(Question 3 continued)
(c) The standing wave on the string creates a travelling sound wave in the surrounding air.

(i)  Outline one difference between a standing wave and a travelling wave. 1

The sound wave is incident on a surface of water. The wave makes an angle of 30°
with the normal to the surface.

normal

wave
direction

30°

air

(i)  The speed of sound in air is 340ms™" and in water it is 1500ms™".

Discuss whether the sound wave can enter the water. [2]

Turn over
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4. A mass is attached to one end of a rod and made to rotate with constant speed in a vertical circle.

rotation
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(@) The scale diagram shows the weight W of the mass at an instant when the rod is horizontal.

Draw, on the scale diagram, an arrow to represent the force exerted on the mass by
the rod. (2]

rod

R

RERY

(b)  Explain why the magnitude of the force exerted on the mass by the rod is not constant. [3]
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5. Resistor R is connected in a circuit with a cell that has internal resistance.

—@—i»—
(v)

The ammeter and the voltmeter are ideal.

(a) State what is meant by an ideal voltmeter. 1

(b) The resistance of R is 50.0Q2. The voltmeter reads 1.47 V.

(i) Calculate, in mA, the current in the resistor. [1]

Resistor R is replaced by another of resistance 10.0Q2. The ammeter now reads 139 mA.

(i)  Show that the internal resistance of the cell is about 0.7 Q. [2]

(This question continues on the following page)
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(Question 5 continued)

(iii)  Calculate the emf of the cell. [2]

One of the connecting wires is placed in a magnetic field. The direction of the current in the

wire is shown.
\ — current
- connecting wire

(c) (i) Explain, by reference to charge carriers in the wire, how the magnetic force on
the wire arises. [2]

(i)  Identify the direction of the magnetic force on the wire. [1
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6. (a) Ouitline, by reference to nuclear binding energy, why the mass of a nucleus is less than
the sum of the masses of its constituent nucleons. [2]

Polonium-210 (Po-210) decays by alpha emission into lead-206 (Pb-206).

The following data are available.

Nuclear mass of Po-210 = 209.93676 u
Nuclear mass of Pb-206 = 205.92945u
Mass of the alpha particle = 4.00151u

(b) (i) Calculate, in MeV, the energy released in this decay. [2]

(i)  The polonium nucleus was stationary before the decay.

Show, by reference to the momentum of the particles, that the kinetic energy of
the alpha particle is much greater than the kinetic energy of the lead nucleus. [3]

(This question continues on the following page)
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(Question 6 continued)

(i)  In the decay of polonium—210, alpha emissions can be accompanied by the
emissions of gamma photons, all of the same wavelength of 1.54 x 10*m.

Discuss how this observation provides evidence for discrete nuclear energy levels. [3]

(c) Asample contains 5.0g of pure polonium-210. The decay constant of polonium-210
is 5.8 x 10%s™". Lead-206 is stable.

Calculate the mass of lead-206 present in the sample after one year. [3]
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7. Abeam of coherent monochromatic light is incident normally on a single rectangular slit.
The diffraction pattern is observed on a screen.

screen
single slit
P
light source
O i to
Q

O is the point on the screen directly opposite the slit. P and Q are the first minima on either
side of the central fringe of the diffraction pattern.

(@) (i) Theintensity of light at point O is /,. The distance OP is x.

Sketch, on the axes, a graph to show the variation of the intensity of light with
distance from point O on the screen. Your graph should cover the distance range

from O to 2x. [2]
intensity
[0
0.51,
0
0 X 2x
distance

(This question continues on the following page)
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(Question 7 continued)

(i)  Early theories of light suggest that a geometrical shadow of the slit will be
observed on the screen. Explain how the diffraction pattern formed on the screen
provides evidence for the wave theory of light. [2]

(ii)  The following data are available.

Wavelength of light = 590 nm
Distance between the slit and the screen =2.4m
Width of the slit=0.10mm

Calculate distance PQ. [2]

(This question continues on page 19)
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(Question 7 continued)

(b) The single slit is replaced by a double slit. The width of each slit in this arrangement is
the same as the width of the single slit in (a).

Outline how the intensity variation observed between points P and Q will change. [2]

(c) The light source actually emits two wavelengths of light. The average wavelength
is 590 nm and the difference between the two wavelengths is 0.60 nm.

A student attempts to resolve the wavelengths using a diffraction grating with 750 lines
per mm. The incident beam is 2.0 mm wide.

Comment on whether this diffraction grating can resolve the wavelengths in the
first-order spectrum. (3]
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8. (a) The diagram shows field lines for an electrostatic field. X and Y are two points on the
same field line.

Y
X
Outline which of the two points has the larger electric potential. [2]

(This question continues on the following page)
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(Question 8 continued)
(b) A satellite is launched from the surface of Earth into a circular orbit.

The following data are given.

Mass of the satellite = 8.0 x 10%kg

Height of the orbit above the surface of Earth = 5.0 x 10°m
Mass of Earth = 6.0 x 10**kg

Radius of Earth =6.4 x 10°m

(i)  Show that the kinetic energy of the satellite in orbit is about 2 x 10 J. [2]

(i)  Determine the minimum energy required to launch the satellite. Ignore the
original kinetic energy of the satellite due to Earth’s rotation. [2]
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9. Aparallel-plate capacitor of capacitance 1.5 x 107'°F is made from two metal plates

separated by an air gap of 1.0mm. The capacitor is initially charged to a potential difference
of 24 V.

(@) Calculate the energy stored in the capacitor. [1

The charged capacitor is disconnected from the voltage supply and the separation between
the plates is increased to 4.0 mm.

(b) (i) Explain the change, if any, to the potential difference between the plates. [2]

(i) Determine the work required to increase the separation of the plates. [2]

(This question continues on the following page)
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(Question 9 continued)

The capacitor is then discharged through a fixed resistor. The initial current in the resistor
is /, and the time constant of the circuit is 7.

(c) (i) Draw, on the axes, a graph to show the variation with time of the current in
the resistor. (2]

current

0.751,

0.57

0.251,

0 time

(i) A similar mathematical relationship can be used to model phenomena in other
areas of physics.

State an example of such a phenomenon. [1
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(This question continues on page 25)
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(Question 9 continued)

(d) Adiode bridge rectification circuit is often modified by adding a capacitor in parallel with
the output (load) resistance.

Describe the reason for this modification. [2]
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10. The Feynman diagram shows a delta baryon (A) decaying into a neutron and particle X.
The exchange particle involved in the decay is a gluon. Particle X has two constituent quarks.

\
A 2 4
o Qo
=)

d
'
d 000000 —> u

(@) (i) Identify the fundamental force responsible for the decay. [

(i)  Deduce, referring to one conservation law, that X is a quark-antiquark pair. [3]

L

(This question continues on the following page)
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(Question 10 continued)
(b) The energy released in the decay is of the order of 10%eV.

Estimate, using the uncertainty principle, the mean lifetime of the delta baryon. [2]

References:

© International Baccalaureate Organization 2022

§ I

EP27

il |




L

Please do not write on this page.

Answers written on this page
will not be marked.

28E

P28

|






