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The formulae below may be of use to you.
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QUESTION ONE: INTERNAL RESISTANCE

A battery can be made by connecting a number of individual cells together. The cells can be connected
either in series or in parallel.

Circuit 1 Circuit 2 Circuit 3

] A
(a) Compare the total power dissipated in the resistor R in the three circuits above: with a single cell,

with three cells connected in series, and with three cells connected in parallel.

Assume the cells are all identical and ideal for this part of the question.
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(b)  Areal cell produces an emf ¢ and has internal resistance ». The cell is connected to a load resistor
with resistance R.

R
L= |
load resistor
(1)  Show that the power dissipated by the load resistor is given by the expression:

e’R
R=——
(r+R)

(i1)) For a cell with constant ¢ and constant 7, the power dissipated by the load resistor is
maximum when R = r.

Use appropriate physics concepts to explain why the power dissipated by the load resistor
is small at extremely large and at extremely low values of R.
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All voltages and currents referred to in parts (c) and (d) of this question are rms values.

(¢)  Areal inductor has both inductance L and internal Vo f 1=220%102A
resistance r. AC power O
. oy . supply \A)
A real inductor with internal resistance r = 72.0 Q

is connected in series with a capacitor to an AC
power supply with voltage V' and frequency f.

Assume that both the capacitor and the power _____Inductor capacitor
supply are ideal. : (VZ“ 72.0 Q : I I
The current in the circuit is /=2.20 x 102 A. - P A C
An AC voltmeter, connected as shown, measures V)

the combined voltage of both the inductance V=420V

and internal resistance of the real inductor as

V'=4.20 V. The voltage V across the real inductor
leads the voltage of the AC power supply V¢ by
120°.

Sketch a phasor diagram for the voltages, and
use it to calculate the value of the power supply
voltage V.
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(d) An ideal inductor, resistor, and capacitor are connected in series to an AC power supply. In
certain conditions, the voltage across the inductor and the voltage across the capacitor can both
exceed the voltage of the power supply.

Describe the conditions required for both 7, and V. to exceed V.

Explain the energy transfers occurring in the circuit under these conditions.
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QUESTION TWO: TAONGA PUORO

(a)

Te ki is a traditional Maori musical
instrument that consists of a single string
connected between the ends of a bent stick.
The string is struck with a second stick to
produce a sound.

A traditional Maori musician wants to make
a second te ku that produces a sound with a https://www.haumanucollective.com/ku/
higher frequency.

Describe TWO separate changes that could be made to the design to increase the frequency of
the sound produced.

Explain how each of these changes alters fundamental parameters that result in a higher
frequency sound.

Physics 93103, 2025




(b) A porutu is a traditional Maori musical
wind instrument that is carved from wood
or bone. A porutu is a hollow pipe that is
open at both ends. It is played in a similar
way to a flute, by blowing across one of the

3 ; https://collection.nelsonmuseum.co.nz/objects/G30429/
open ends and covering small holes with porutu-long-flute

the fingers.

Harmonic frequencies in a pipe occur when sound waves travelling along the pipe reflect from
the end and interfere, forming a standing wave.

A simple model of this situation assumes that an antinode always occurs at an open end of a pipe.

Explain how a sound wave reflects from an open end of a pipe, and how this results in an
antinode being formed.
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For an open end, the oscillation of air particles extends beyond the end of the pipe, making the
pipe behave as if it is slightly longer than it really is. The larger the radius of the pipe, the more
significant this effect becomes.

The apparent extra length at an open end of a pipe is called the end correction, e. For a
cylindrical pipe, the end correction can be expressed as:

e=hr
where 7 is the radius of the pipe and £ is a constant.

The fundamental frequency is measured for a range of uniform cylindrical pipes that are open
at both ends. The pipes have the same length L, but different radii. The results and trend line are
plotted on the graph below.

Fundamental frequency of pipes with different radii
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Use information from the graph above to determine the length of the pipes, L, and the value of
the constant £.

Speed of sound in air =343 m s~!
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(d) The data on the graph on page 10 appears to show a linear trend between fundamental frequency
and pipe radius within the range tested.

Sketch a trend line on the axes below to show how you expect the trend to continue if the pipe
radius is increased significantly beyond the range tested.

Use relevant physics concepts to explain why you expect the trend to behave in this way.
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QUESTION THREE: X-RAY PHOTOELECTRON SPECTROSCOPY

Charge of an electron =—1.60 x 10719 C
Planck’s constant = 6.63 x 1034 J s
Speed of light =3.00 x 108 m s !

X-ray photoelectron spectroscopy (XPS) is a technique used to determine the energy of electrons
emitted by a material when it is illuminated with X-rays.

Electrons emitted by the illuminated material enter a hemispherical electron energy analyser, which
consists of two concentric metal hemispheres with a narrow gap between them. The hemispheres have
a potential difference of V, — V| between them, as shown in the diagram below.

entrance

. emitted exit slit
slit electron detector

incident

A=28.30x10""m

In an experiment to measure the energy of electrons in magnesium, a sample of magnesium metal is
illuminated by X-rays with a wavelength of 8.30 x 10719 m.

A narrow opening at the entrance ensures that the electrons enter the gap between the hemispheres
midway between their surfaces, and that they enter at a tangent to the hemispheres. At the exit, on
the other side of the analyser, a detector records any electrons that successfully travel around the
semicircular path from the entrance to the exit.

The radii of the inner and outer hemispheres are R, = 0.275 m and R, = 0.325 m respectively. The
potential difference between the hemispheres is varied, and the rate of electrons received by the
detector is observed. Electrons are observed at the detector when the potential difference between the
analyser plates is set to 60.0 V.

(a) Explain whether the potential difference V, — V', should be negative or positive.
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(b) (1) Show that the kinetic energy of electrons that reach the detector is 180 eV.

Assume the magnitude of the electric field between the hemispheres is uniform, and any
relativistic effects can be ignored.

(i1)) Calculate the minimum amount of energy that would be required to remove one of these
electrons from the magnesium metal.
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(c) In this experiment, the magnesium must be electrically connected to ground.

Explain why this is necessary, and discuss how the kinetic energy of a photoemitted electron
would be affected if the magnesium was not electrically connected to ground.
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(d) In this experiment, the photon wavelength can be varied to change the photon energy. The graph
below shows the rate at which electrons are observed at the detector as photon energy is varied.
The count rate displays three clear peaks.

Explain what this implies about the energy of the electrons inside the magnesium metal.

Electron detection rate

B . A
0 500 1000 1500 2000
Photon energy (eV)
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QUESTION FOUR: PENDULUMS AND SPRINGS

Acceleration due to gravity = 9.81 m s

A simple pendulum, with a string of negligible mass, that is oscillating
with a small angle 6, can be approximated as moving with simple
harmonic motion.

(a) (1) By considering the forces acting, show that the acceleration
of the pendulum is given by the expression:

_8gX
L

mass m

(i) Explain how this expression shows that when the angle 6 is small, the motion of a simple
pendulum can be approximated as simple harmonic motion.
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Two identical pendulums are
independently suspended from a fixed
beam and connected by a spring with
negligible mass. The spring has spring
constant k, and the natural unstretched
length of the spring is the same as the
distance between the two points from
which the pendulums are suspended.

The two pendulums can be
independently moved either to the
left or to the right before being
released to investigate the motion of spring constant k
the pendulums with different initial
conditions. mass 1 mass 2

For the first investigation, the two pendulums are both moved to the right with the same initial
displacement x, as shown in the diagram above. The pendulums are released at the same time so
that they oscillate in phase.

The pendulums are set up with the following values:

. pendulum length = 0.560 m

. pendulum mass = 50.0 g
. initial displacement = 2.50 cm
. spring constant = 13.0 N m™!

Calculate the period of the pendulums in this system.

Use appropriate reasoning to justify your answer.
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(c) For the second investigation, the two pendulums are moved the same initial distance x, but
in opposite directions, as shown below. They are then released at the same time, so that they
oscillate in opposite phase.

mass 1 mass 2

By considering the forces acting on one of the masses, show that the period of the opposite phase
oscillations is given by:

2T

/g 2k
L+m

T =
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(d) For the third investigation, mass 1 is held at its equilibrium position, while mass 2 is displaced to
the right, as shown below.

mass 1 mass 2

Both masses are released at the same time. The two pendulums oscillate with varying amplitude,
and are neither purely in phase nor in opposite phase with each other. The displacement of the
two masses over time is shown below.

Mass 1

Mass 2
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By considering the forces acting on the two masses, explain why the oscillations vary in this
way, and how energy in the system is transferred between the two masses.
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