
The Scholarship Physics examination does not include any assessment of practical investigation skills. The 
material in this section is included as candidates may be expected to analyse supplied experimental data 
and comment on aspects such as experimental method, uncertainty analysis, etc.

Examples of such questions have been included in subsequent sections of this Workbook. The various 
comments relating to the treatment of uncertainties are presented as a guide only. There are several other 
equally valid methods of dealing with uncertainties.
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Experimental physics

In physics, experimental data are often used to construct a graph from which the mathematical relationship 
between two physical quantities can be found. This is how some of the laws of physics were originally 
discovered. Experimental mathematical relationships can also be used to fi nd the value of a physical 
quantity.

Once the aim of the experiment has been decided, the experimental process will involve:

• gathering and recording data

• drawing graphs

• processing data from the graph

• giving a conclusion

• discussing the experiment.

Uncertainties in the data
The uncertainty in a measurement can be expressed as an absolute uncertainty or a percentage uncertainty.

Absolute uncertainties are always given as one-signifi cant-fi gure numbers.

A measurement is always the difference between two readings. In most measuring instruments, one of 
the readings is arranged to be zero (the zero reading) and so the other reading (the end reading) is the 
measurement. A reading usually has an uncertainty of ± half the scale interval of the measuring instrument. 
Because there is uncertainty in both the zero and the end reading, the uncertainty in a measurement is ± 
the whole scale interval. This is the least uncertainty a measurement can have.

If a measurement is the average of a set of repeated values, the uncertainty in the measurement is 
1
2

 the 
range over which the repeated measurements are spread.

If a multiple measurement (e.g. timing 10 periods) is taken, the single measurement (the period) is the 
multiple measurement divided by the number of multiples (10), retaining the same number of signifi cant 
fi gures as was in the multiple measurement. The uncertainty in the single measurement is the uncertainty in 
the multiple measurement divided by the number of multiples.
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Interference

Interference happens when two waves, each from individual point sources, pass through each other. 
Because of the way the troughs and crests from each of the waves add together when they meet, a pattern 
is formed which consists of lines along which the wave amplitude is increased, in between lines along which 
the wave amplitude has been reduced to nothing.

Crests
Troughs

Nodal lines Antinodal lines

n = 2 

n = 2 

n = 2 

n = 2 
n = 1n = 1n = 1n = 1 n = 0

S1 S2 

Along the antinodal lines, crests from one wave source meet crests from the other, forming a line of high-
amplitude waves.

Along the nodal lines, crests from one wave source meet troughs from the other, forming a line of zero-
amplitude waves (i.e. no wave).

Nodal and antinodal lines are numbered, independently, from the middle outward. The number is called 
the order number, n.

The way nodal and antinodal lines are experienced depends on what sort of waves produced them. For 
light waves, at any position on a nodal line there will be darkness and at any position on an antinodal line 
there will be brightness; for sound waves, nodal lines are experienced as silence and antinodal lines as 
loudness.

The pattern can be sharpened by using multiple sources instead of just two. If the source separation is less 
than the two slot separation, the pattern is also more spread. Spreading is caused by decreasing d (source 
separation).

If the waves are light waves, an additional condition for the interference pattern to be produced is that 
the waves must be coherent. Splitting a single light wave into two or more sources most readily achieves 
coherence. This can be done by shining light through a series of narrow slits, allowing diffraction to create a 
point source of the wave at each slit.
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The angle that any outer antinodal line (n > 0) makes with the central antinodal line (n = 0) depends on the 
wavelength of the wave.

d

P

L

x

central antinodal line�

antinodal line of order n 

If point P is along an antinodal line, the relationship between the wavelength, , of the wave and the angle, 
, that this antinodal line makes with the central antinodal line is:

d sin  = n 

If L is very large compared with x, this formula becomes:

n  = dx
L

The most common situation in which this formula can be used is when the wave is light and only two point 
sources are used.

A diffraction grating has an extremely large number of narrow slits and the distance between any two 
adjacent slits is expressed in terms of the number of slits per metre. If a diffraction grating has s slits per 

metre, the distance, d, between the slits is 
1
s

Beats
If two waves of slightly different frequencies, f1 and f2, pass through each other, the combined wave will 
have an amplitude which varies between large and small.

This variation in amplitude is known as beats. The frequency of variation in the amplitude is the difference 
between the individual frequencies:

beat frequency = |f1 – f2|

If the waves are sound waves, beats are heard as a wobble of loud and soft sound.
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 practice  Questions
Interference

Question One: Wave/particle duality
Matter, as well as light, can demonstrate wave-like behaviour and particle-like behaviour. The de Broglie 
relationship  = p

h, where  is the wavelength, p is the momentum and h is Planck’s constant, can be 
verifi ed by the experimental observation of the diffraction of atoms. In the experiment below, a beam of 
atoms is incident on a double slit with slit separation d.

d
observation angle

atom beam

 Year 2011  
Ans. p. 115
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a. Show that the de Broglie wavelength of an atom of mass m is related to its kinetic energy, E, by the 
following expression  = h

2mE

b. i.  Starting from d sin  = n , derive an expression for the intensity maxima of the atom waves 
diffracted through the double slit, as a function of kinetic energy.

 ii. State the corresponding expression for the intensity minima.

c. One experimental diffi culty is that the incident atoms have a range of kinetic energies. Assume that 
they have a range of energies distributed between E + E and E – E, so that the mean energy is E.

 Explain why a range of energies will lead to poorly defi ned intensity maxima.

 ESA Publications (NZ) Ltd, Freephone 0800-372 266
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b.     The kinetic energy of the toy car at the top of the loop has been gained from gravitational 
potential energy lost as it travels down the track. As the car travels from its release position 
to the bottom of the loop, it loses gravitational potential energy mg × g h. As it rises to the
top of the loop, it gains gravitational potential energy mg 2r. The kinetic energy at therr
top of the loop will be the difference between these two values:

EKEE (top of loop) = (mg h) − (mg  2r)r

 = mg(h – 2r)r

  = 9.8 m(h − 2  0.45)  [no value given for m so leave m in the 
equation]

EKEE (top of loop) = 1
2

mv2vv

  = 0.5 m  2.12  [no value given for m so leave m in the 
equation]

  = 2.205 m

so, 9.8 m(h − 2  0.45) = 2.205 m

h − 0.90 = 0.225 [cancelling m and dividing by 9.8]

h = 1.1 m [rounding 1.125 to 2 sf]

Circular motion and gravity

m

M
r

Any object that has mass is surrounded by a gravitational fi eld. The strength 
of the gravitational fi eld at a distance, r, from the centre of a mass, M, is:

   g = 
GM
r 2

 where  G is the universal gravitational constant which has 
the value 6.67 10−11 N m2 kg−2

Another object of mass, m, placed in this gravitational fi eld, feels a gravitational force:

   Fg = mg

Fg = GMm
r 2

The strength, g, of the gravitational fi eld is also the acceleration of any object in free fall in the gravitational 
fi eld. The unit of measurement for g can therefore be either N kg−1 or m s−2.

Orbital motion

Earth

Moon

The centripetal force that causes a satellite to 
orbit around a central object is a gravitational 
force.

   Fg = Fc  GMm
r 2  = mv

r

2
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Example
A satellite of mass 95 kg orbits the Earth at a height, h, of 3.8  106 m. The mass, M, of Earth M
is 5.98 1024 kg, the radius of Earth, rErr , is 6.37 106 m and G is the universal gravitational 
constant which has the value
6.672 10−11 N m2 kg−2

a. Calculate the gravitational force on the satellite at this height.

b. Calculate the speed at which the satellite is moving.

c. Calculate the time it takes the satellite to orbit the Earth.

Answers

a. Fg = GMm
r 2

  = 
6.672  10 5.98  10 95

(6.4  10  3.8 10 )

–11 24

6 63 8 10 2

� �10 11 � �1024

� � �
[r = rErr  + h]

 gravitational force = 360 N [rounding 364.318 to 2 sf]

b. Fg = mv
r

2

v = v
Fgr

m  [rearranging the formula]

   = 
364 318 10 2 10

95

6. .318 10� 10 2.10
 [substituting unrounded values]

  speed = 6 300 m s−1 [rounding 6 254.30 to 2 sf]

c.  v = v
2�r
T

  [speed = distance around the orbit ÷ time around 
the orbit]

T = T 2�r
v

 [rearranging the formula]

   = 
2 10.2 10

6 254.30

6� �
 [substituting unrounded values]

  time = 2.8 hours [10 247.11 s changed to hours and rounded to 2 sf]
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 practice  Questions
Translational and circular motion

Question One: Motion
Ball X is released from rest from a height h and hits the ground with speed v m s–1. At precisely the same 
time as ball X is dropped, ball Y is launched straight up from the ground at v m s–1.

a. Show that the two balls will pass each other at a point ¼ h from the release point of ball X.

 Year 2012  
Ans. p. 118



b. Use physical principles to explain this result.

c. A ball of mass m makes a head-on elastic collision with a stationary second ball of mass M and rebounds 
with a speed equal to one-third its original speed. Show that the mass of the second ball is equal to 2m.

d. A pair of balls (both of mass m) are sliding along a long, horizontal, frictionless groove towards a 
stationary third ball (also of mass m), as shown in the following diagram.

CA
4 m s–1

B
4 m s–1

 For the collision of a pair of objects the coeffi cient of restitution, , is calculated by

  = The difference in the velocities after the collision
The difference in the velocities before the collision

 The coeffi cient of restitution of these balls is 0.4.

 Show that there are just three collisions between the balls and that the sum of the fi nal velocities of the 
three balls is 8 m s–1.

 ESA Publications (NZ) Ltd, Freephone 0800-372 266
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DC circuits and capacitance

Capacitance
d

area, A

A parallel plate capacitor is constructed from two parallel metal plates; 
its purpose is to ‘store’ charge. Negative charge on one plate is separated 
from positive charge on the other plate by insulating material.

The ability of a capacitor to ‘store’ charge depends on its capacitance, C, measured in farads, F. 
Capacitance depends on the construction of the capacitor, and so is a constant for a particular capacitor.

C = r o 
A
d

where  r is the dielectric constant for the insulating material between the plates and is dimensionless

o is the absolute permittivity of free space and has a constant value o = 8.854  10−12 F m−1

A is the area of overlap of the plates in m2

d is the distance between the plates

When connected in a circuit, the amount of charge, Q, a capacitor will 
store depends on its capacitance and the voltage, V, across its plates.

Q = VC

The electric fi eld, E, between the oppositely charged plates is related to 
the voltage across them and the distance between them by:

V = Ed

The time constant, , of a capacitor circuit gives a measure of how long it takes for an uncharged capacitor 
to become charged (or how long a charged capacitor takes to discharge). The time constant depends on 
the capacitance of the capacitor and how much resistance, R, there is in the circuit.

 = RC

Charging and discharging a capacitor
During the charge and discharge processes, the voltage across the capacitor and the current in the circuit 
both have an exponential relationship with time.

The time constant for the charge/discharge process is the time it takes for the voltage or current to change 
by about 63% of its maximum value.

V

+ Q –Q
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3.6

voltage growth

VC

�

63% of VC

time
current decay

Imax

�

63% of Imax

time

0.37 Imax

0.63 VC

During charging, the voltage 
across the capacitor grows 
to its maximum value while 
the current in the circuit falls 
to zero.

voltage decay
� time

current decay
� time

VC

63% of VC

Imax

63% of Imax

0.37 Imax0.37 VC

During discharge, both the 
voltage across the capacitor 
and the current in the circuit 
fall to zero.

Energy stored in a capacitor
When a capacitor is charged, energy is supplied to the moving charges by the voltage source.

E = Vq

After the capacitor has been charged, a proportion of this energy is stored in the capacitor.

Ecap = 1
2

QV

Capacitor combinations
Capacitors can be connected into circuits in series and in parallel.

Series 

C1 C2 C3

 
1

TOTC
 = 1

1C
 + 

1

2C
 + 

1

3C

Parallel 
C1 C2 C3

 CTOT = C1 + C2 + C3
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 practice  Questions
Capacitance

Question One: Capacitors
a. A capacitor with air between the plates has a capacitance of 3.0 × 10–6 F.

 Calculate the capacitance when wax of dielectric constant 2.8 is placed between the plates.

 State your assumptions.

 Year 2011  
Ans. p. 128
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 Chapter 2:  Achievement Standard 91523 
(Physics 3.3): Demonstrate 
understanding of wave systems

3.3 Interference

 Question One: Wave/particle duality
a. By stating the kinetic energy equation and using the 

equation for momentum:

 EK = ½mv2

  EK = 
p
m2
2

 p = mE2

 = h
p

 = h
mE2

b. i. The intensity maxima and minima occur when the 
path difference from the two slits is an integral, or half 
integral, number of wavelengths, respectively.

  For intensity maxima:

   d sin  = n  = nh
p  = nh

mE2
 

 ii. For intensity minima:

   d sin  = (n – ½)  = 
n 1

2 h

p  = 
n 1

2 h

2mE
c. The fringes of intensity maxima are poorly defi ned because 

their positions depend on the wavelength. Since there is 
a spread of energies, this implies a spread of wavelengths, 
which therefore implies a spread of positions.

d. For fi rst order, the outer angle, ø1, is given by:

 sin ø1 = h

d 2m E E� �
For second order, the inner angle, ø2, is given by:

 sin ø2 = 2h

d 2m E � E� �
At overlap, sin ø1 = sin ø2

 h

d 2m E E� �
 = 2h

d 2m E � E� �

 2m(E � E)  = 2 2m(E E)

 2m(E + E) = 8m(E – E)

 E + E = 4E – 4 E

 5 E = 3E

 E = 3E
5

 Thus, E  3E
5  

 Question Two: Spectroscope
d sin  = n

 d = 587.563 10 9

sin 20.6426�

p. 6

 d = 1.66  10–6 m

Number of lines per cm = 6 000 Since n = 1
d

 Question Three: Diffraction
a.  Diffraction: A slit about the same size as the wavelength is 

needed to get maximum diffraction.

  Interference: If the slits are close enough for the diffracted 
waves to overlap, then they will interfere.

 d should be more than the wavelength.

  The waves should have the same frequency, amplitude and 
phase difference (coherence).

b.  n  = dx
L

 is based on the assumption that tan  is of the order

 of sin  which is true only for small angles.

  n  = d sin  is valid for angles up to 90 degrees. Both these 
are derived on the basis that L >> d.

c. x << L therefore (2 – 0.5)  = dx
L

  Remember that this is a case of destructive interference. 

 d = 2 × 10–5 m

 L = 1.20 m

  = 632 × 10–9 m    rearranging for x and solving, we fi nd

 x = 5.69 cm

d. n  = d sin  = 1 380 nm from data given.

 Therefore n and  are (for red) n = 2 and  = 690 nm

 For blue/violet n = 3 and  = 460 nm

  For realistic values, n  must be less than
d (maximum angle = 90 °) = 3 333 nm.

  The only other pair of integers which are in the ratio

 3m : 2m with m less than 3 333
1380

 (= 2.4) is 6 : 4.

  Therefore there is only one more pattern in the range 0° to 
90° given by

 sin  = 6 × 460
3 333

  = 55.9 °

 Yes. Only one at 55.9 °.

 Question Four: Interference
 a. Using the concepts of constructive and destructive 

interference.

   The path lengths that the two beams follow to the receiver 
will change in length as the receiver moves. When the two 
path lengths differ by a whole number of wavelengths, 
constructive interference (high intensity) will occur. When the 
two path lengths differ by an odd number of ½ wavelengths, 
destructive interference (low intensity) will occur.

b.  Given that there is no phase change on refl ection, both 
beams will arrive having travelled almost the same distance 
and therefore will arrive in phase, resulting in constructive 
interference.

Answers and explanations



c. By considering the situation shown, it can be seen that, 
effectively, there is a virtual source at position a below the 
bench.

  n  = d sin  = dx
L

       Small angle approximation. 

 and sin  = 
y
s

  n  = dx
L

 = 
2ay

s

d.  The refl ection of light at a hard surface causes a phase 
reversal. This means the two waves interfering have opposite 
phase and so destructive interference will take place.

 Question Five: Nuclear and quantum physics
a.  In order to fi nd the maxima’s separation, the electron’s 

wavelength is required. This can be found by using energy 
arguments.

 eV = 1
2

mv2

 v = 2eV
m

  = 
h
p

 = 
h

m
eV
m

2
 = 

h
eVm2

  = 6.63 10

2 1.6 10 1 10 9.1

–34

–19 4

�

� � � � � 11 10–31�

  = 1.228 × 10–11m

 n  = dx
L

 x = 
L
d

 = 1 1.228 10
50 10

–11

–9

� �
�

 = 2.46 × 10–4m

b. The electron’s velocity is required. This can be found using 
energy arguments.

 Electron velocity = 2eV
m

 = 5.96 × 107 m s1

 Momentum change factor = 

1

1
5 96 10

3 10

7

7 2
�

�� �
�� �

�. m s 1

 = 1.02 

 Relativistic correction is 2%, so can be ignored.

 Question Six: Bragg’s law
a. The sources must have:

 1. the same wavelength

 2. fi xed phase difference

 3. a separation d greater than the wavelength

 4. comparable amplitudes

b. The extra path difference needs to be calculated in this 
problem.

A

� �

C

B

d

�

  The extra path difference for the lower ray relative to the 
upper ray is AB + BC = 2AB but 

AB
d

 = sin , therefore for a 

maximum in the refl ected intensity at angle , the path 
difference must be an integral number of wavelengths 
m  = 2d sin m = 1, 2, 3,....

c. 3rd order  m = 3

  = 
29.2°

2
 = 14.6° 

  Shaded angle plus two interior angles = 180°. 

  = 1.27 × 10–10 m

 d = 
�

2
m
sin �

 = 
3 1.27 10

2 sin 14.6°

–10� �
�

 = 7.56 × 10–10 m

d.  Visible light has a wavelength of about 5000  10–10 m, which 
is too large for interference to be observed from adjacent 
planes. For interference to be observed, the wavelengths 
need to be comparable with the interplanar spacing.

3.3 Standing waves in strings and pipes

 Question One: Clarinets and fl utes
a. As the particles are oscillating under simple harmonic motion, 

the pressure will also vary from positive to negative. This 
results in two readings existing for each position.

b. The air particles at the reed end of the clarinet are unable to 
move. This is a displacement node.

c. The clarinet is a tube which is open at one end and closed at 
the other. Therefore, its fundamental frequency can only have 
odd harmonics. As overblowing is defi ned as a doubling of 
the frequency, it is not possible to double the fi rst harmonic 
frequency.

  The fl ute is modelled as a tube opened at both ends, and so 
can resonate at both even and odd harmonics. Therefore, 
it is possible to double the fundamental frequency by 
overblowing.

d. The increased air temperature results in an increase in the 
sound velocity which, since the wavelength is fi xed, gives rise 
to an increase in the frequency.

e. For a standing wave to form, two waves must interact. This 
requires a refl ection at the open end. This occurs by a change 
in impedance at the end of the pipe.

This can also be considered from a pressure perspective, 
where the outside atmospheric pressure does not change 
but the wave effectively leaves a “gap” for the outside air to 
be able to fi ll, and the wave can then refl ect.

 Question Two: Standing waves
a. A displacement node.

  If there is an antinode at the surface there must be a node at 
the centre.

b.  A standing wave is formed by two travelling waves with the 
same frequency, wavelength and speed travelling in opposite 
directions. This is created in this situation by a refl ection from 
the surface (open end of the tube).

  The refl ection can be explained by considering that the external 
pressure (atmospheric pressure) is higher than the pressure 
node that exists at the boundary – this effectively creates a 
mechanism for particles to be “pulled” down the tube.

  At the resonant frequency the refl ected wave will meet 
the incoming wave in such a way that the two wave 
displacements will constructively sum (form an antinode) at 
the open end of the tube.

p. 14
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