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Section I 
75 marks 
 
Allow about 2 hours and 15 minutes for this section 
 
This section has TWO parts 
 
Part A – 15 marks Questions 1–15 
Part B – 60 marks Questions 16–27 
 
Part A 
15 marks 
 
Select the alternative A, B, C, or D that best answers the question. Fill in the response sheet 
clearly. 
 
 

1 X    

 
 
If you think you have made a mistake, blank out the incorrect answer and fill in the new 
answer. 
 

1 X   X 

 
 
If you change your mind and have crossed out what you consider to be the correct answer, 
then indicate the correct answer by writing the word correct and drawing an arrow. 

 

1 X   X 

 
Correct   
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Section I 
 
Part A – 15 marks 
Attempt Questions 1–15 
Allow about 30 minutes for this part 
 
Use the multiple choice answer sheet 
 
 
 
1 A simple pendulum can be used to find the acceleration due to gravity. 
 

What are the key variables that determine the period of a simple pendulum? 
 

A The mass of the pendulum bob and the acceleration due to gravity. 
 
B The amplitude of the swing and the acceleration due to gravity. 
 
C The length of the pendulum and the acceleration due to gravity. 
 
D The acceleration due to gravity alone. 

 
 
2 Geostationary satellites have a much greater orbital radius than low Earth orbit 

satellites.  
 

For a geostationary satellite and a low Earth satellite of the same mass, which of the 
following alternatives best describes the energy of each satellite? 

 
A Geostationary satellites have greater kinetic energy but less potential energy 

than low Earth orbit satellites. 
 
B Geostationary satellites have less kinetic energy but greater potential energy 

than low Earth orbit satellites. 
 

C Geostationary satellites have greater kinetic energy and greater potential 
energy than low Earth orbit satellites. 

 
D Geostationary satellites have less kinetic energy and less potential energy than 

low Earth orbit satellites. 
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3 It is very expensive to send interplanetary probes to other planets and for this reason 
trajectories are chosen to minimise the energy required.  

 
The diagrams below show the position of the Earth when the probe was launched and 
the position of Mars when the probe reaches Mars. The direction of the orbital rotation 
of both planets is also shown. Which of the trajectories would minimise the energy 
required to travel from the Earth to Mars? 

 
 

A  
 
 
 
 
 
 

 
 

 
B  

 
 
 
 
 
 
 
 
 
 

C  
 
 
 
 
 
 
 
 
 

D  
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4 Planet Y has twice the mass and half the diameter of planet X. 
 

If the escape velocity from planet X were v, what would the escape velocity from 
planet Y be? 

 
A 2v 
 
B v 

 
C √2v 

 
D 4v 
 

 
5 An observer in spaceship A travelling at half the speed of light (c/2) measures the 

speed of a light beam that was sent from spaceship B that was travelling at half the 
speed of light in the opposite direction. 

 
 

 
 
 

What value would an observer in spaceship A measure for the speed of the light beam 
sent from spaceship B? 

 
A c/2 
 
B 2c 
 
C 3c/2 
 
D c 
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6 A straight length of wire carrying current is placed in a magnetic field as shown 
below. 

 
 

 
 
 

In which direction will the wire experience a force? 
 

A out of the page  
 
B in the direction marked p 
 
C in the direction marked q 
 
D into the page 

 
 
7 It requires more torque to turn a generator when the generator is connected to an 

external circuit that uses electrical power than when the generator is not connected to 
an external circuit.  

 
Why does it require more torque to turn the generator when it is supplying electrical 
power? 

 
A When it is connected to the external circuit the current passing through the 

rotor coils produces an opposing torque that makes the generator more difficult 
to turn. 

 
B When it is connected to the external circuit, the generator starts producing 

voltage and this will make the generator more difficult to turn. 
 
C When it is connected to the external circuit, more current flows through the 

rotor coils and this produces a back EMF that makes the generator more 
difficult to turn.   

 
D The generator is more difficult to turn because a torque in the direction of 

rotation increases when it is connected to the external circuit. 
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8 A transformer is made up of a primary coil with 200 turns and a secondary coil with 
1000 turns. The input voltage applied to the transformer is shown in the diagram 
below. 

 

 
 

 
Which of the following sketches best represents the output voltage that would be 
produced by this transformer? 

 
A  

 
 
 
 
 
 
 

B  
 
 
 
 
 
 
 
 

C  
 
 
 
 
 
 
 
 
 

D  
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9 Both DC and AC systems were used in early electricity generation and distribution 
systems in the United States.  Competition between the supporters of AC and DC 
systems raged for over twenty years.   
 
Who championed AC systems during this period of intense competition? 

 
A Edison 
 
B Westinghouse 
 
C Faraday 
 
D Oersted 
 
 
 
 

10 A permanent magnet is moved rapidly towards a coil of wire suspended from 
lightweight strings as shown below. The wires from each end of the suspended coil are 
connected together. 

 
 

 
 
 

What will happen to the coil when the magnet is moved towards it? 
 

A A current will be induced in the coil in a clockwise direction and the coil will 
be repelled by the approaching magnet. 

 
B A current will be induced in the coil in a clockwise direction and the coil will 

be attracted by the approaching magnet. 
 
C A current will be induced in the coil in an anticlockwise direction and the coil 

will be repelled by the approaching magnet. 
 
D A current will be induced in the coil in an anticlockwise direction and the coil 

will be attracted by the approaching magnet. 
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11 A simple photocell is shown in the diagram below.  
 

 
 
 

Why is the current in the circuit proportional to the intensity of the light incident upon 
the cell?  

 
A The current is proportional to the number of electrons that are ejected per 

second from the negative cathode by the incident light photons. 
 
B The current is proportional to the total number of electrons that are ejected 

from the negative cathode by the incident light photons. 
 
C The current is proportional to the number of electrons per second that are 

ejected from the positive anode by the incident light photons. 
 
D The current is proportional to the number of electrons per second that are 

ejected from the positive cathode by the incident light photons. 
 

 
12 Braggs used X-ray diffraction to probe the crystal structure of matter.  
 

What is the best definition of diffraction?  
 

A The change in direction of propagation of a wave when it moves from one 
medium to another.  

 
B The superposition of waves emitted from two or more independent sources. 
 
C The spreading out of waves when they encounter objects or gaps comparable in 

size to the wavelength. 
 
D The intensity pattern formed when waves emerge from a transparent crystalline 

solid. 
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13 An electron travelling at high speed enters a magnetic field of strength 0.1 T directed 
into the page.  

  
           Which of the following diagrams best represents the path that the electron would take 

after it enters the magnetic field? 
 
 

A  
 
 
 
 

 
B  
 
 
 
 

 
C  

 
 
 
 
 

D  
 
 
 
 
 
 
14 ‘Doping’ intrinsic semiconductors with impurity atoms produces the more 

commercially important extrinsic semiconductors.  
 

If silicon is doped with one gallium atom per million silicon atoms, what 
characteristics will the new extrinsic semiconductor have?  

 
A An increased number of free electrons per unit volume, but no change in the 

net charge of the semiconductor. 
 
B An increased number of free holes per unit volume, but no change in the net 

charge of the semiconductor. 
 
C An increased number of free electrons per unit volume that would give the 

semiconductor a small net negative charge.  
 
D An increase in the number of holes per unit volume that would give the 

semiconductor a small net positive charge.  
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15 Consider two beams of electromagnetic radiation: one beam consists of red light and 
the other consists of X-rays.  

 
When both beams have the same intensity, the X-ray source is considered to be more 
dangerous than the red light source. 
 
Why is this so? 

 
A The photons in each beam have the same energy, but the X-ray beam contains 

more photons per second.  
 
B Both beams contain the same number of photons each second, but each X-ray 

photon has more energy than each red light photon. 
 
C The X-ray beam contains fewer photons per second, but each X-ray photon has 

more energy than each red light photon. 
 
D Both beams contain the same number of photons per second, but the  
            X-ray photons travel at higher velocity. 
 
 
 
 
 
 

End of Part A 
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Section I (Continued) 
 
Part B – 60 marks 
Attempt Questions 16–27 
Allow about 1 hour and 45 minutes for this part 
 
Answer the questions in the space provided. 
 
Show all relevant working in questions involving calculations. 
 
 
 Marks 
 
Question 16 (6 marks) 
 
A 2000 kg satellite is to be placed in a circular orbit 8000 km above the surface of the Earth. 
Assume the Earth’s radius is 6370 km. 
 
(a) Calculate the gravitational potential energy of the satellite before it is launched. 1 
 

 

 

 

 

 
(b) Calculate the gravitational potential energy of the satellite when it is in orbit. 1 
 

 

 

 

 

 
(c) Calculate the amount of work that would be done against gravity to raise the 

satellite from the surface of the Earth to a height of 8000 km.  1 
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Marks 
 
(d) Explain why the energy required to place a satellite in orbit is much greater than 

the work required to lift the satellite to the correct height.   3 
 

 

 

 

 

 

 

 
Question 17 (5 marks) 
 
A United Nations plane travelling horizontally with a velocity of 120 ms-1, at an altitude of 
320 m above the ground, drops a food parcel when it is directly above a small village. 
(Neglect air friction in your calculations.) 
 
 
(a) Calculate the time for the parcel to reach the ground. 1 
 
 

 

 

 

 
(b) Calculate how far from the village the parcel will land. 1 
 

 

 

 

 

HSC
Fo

cu
s.c

om



Physics HSC 2006 
 

 14

Marks 
(c) Sketch a graph of the vertical displacement (y) of the parcel against the square of 

the time of flight (t2). Include the values where the line intercepts each axis.         
                                                         3 

 
 
 
Question 18 (5 marks) 
The moon is a natural satellite of the Earth and the Earth is a natural satellite of the Sun. 
Artificial satellites have been placed in orbit around the Earth, the Sun and a number of the 
other planets. 
 
Discuss the importance of Newton’s Law of Universal Gravitation in understanding and 
calculating the motion of satellites. 5 
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Marks 
 
Question 19 (4 marks) 
 
Einstein’s special theory of relativity changed the way we view our universe. 
 
(a) State the two postulates upon which Einstein’s theory of relativity was based. 2 
 

 

 

 

 

 

 

 
(b) Calculate the velocity of an electron if a stationary observer measured the 

moving electron’s mass to be three times greater than the electron’s mass at rest.  2 
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Marks 
 
Question 20 (4 marks) 
 
Compare step up and step down transformers and give an example of where each type 
of transformer is used. 4 
 

 

 

 

 

 

 

 

 

 

 

Question 21 (6 marks) 
 
A student sets up an experiment to measure the strength of a magnetic field using the motor 
effect.  

 

 
 

In the experiment, a coil of wire with 50 turns is suspended from a spring balance. A  
10 cm long, straight section of the coil is placed at an angle of 90o to the unknown magnetic 
field. The spring balance reads 2 newtons before the current is switched on and 5 newtons 
when a current of 5 amps flows through the coil.  
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Marks 
 
(a) Calculate the mass of the coil. 1 
 

 

 

 
(b) Calculate the strength of the unknown magnetic field and determine which side 

of the magnet is the north pole. 3 
 

 

 

 

 

 

 

(c) Explain why the student used a coil of fifty turns rather than a coil with a single 
turn of wire. 2 

 

 

 

 

 

Question 22 (4 marks) 
 
During your studies, you conducted a first-hand investigation to demonstrate the principle of 
the AC induction motor. 
 
Briefly describe the experiment you conducted and explain how it demonstrated the 
principle of the AC induction motor. 4 
 

 

 

 

 

 

Space for your answer continues on the next page 
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Marks 
 

 

 

 

 
Question 23 (6 marks) 

A simple dc motor is shown below. The motor develops 2 Nm of torque when the coil is in 
the position shown. 
 

 

 
 

 
 
(a) Sketch a graph of the torque developed against the angle between the plane of 

the coil and the magnetic field for one complete oscillation of the motor. 2 
                         

 
 
 
(b) Suggest a change that could be made to this motor to ensure the torque remained 

high for a greater portion of each rotation. 1 
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Marks 
 
(c) Explain why a dc motor may burn out if it is prevented from turning.  3 
 

 

 

 

 

 

 

 

Question 24 (6 marks) 
 
Metals are good conductors but, at room temperature, all metals still resist the flow of 
electrons to some degree. 
 
(a) State the two principal causes of electrical resistance in metals. 2 
 

 

 

 

 

 

 
(b) State what happens to the resistance of a metal when its temperature is increased 

and explain why the resistance changes in this way. 2 
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Marks 
 
(c) Compare the movement of electrons passing through a copper wire at room 

temperature with the movement of electrons passing through a superconductor 
cooled below its critical temperature. 2 

 

 

 

 

 
Question 25 (4 marks) 
 
Planck’s work on black body radiation and Einstein’s investigation of the photoelectric effect 
led to a new model of light. 
 
(a) Define black body radiation. 1 
 

 

 

 

 

(b) Describe Planck’s hypothesis regarding the emission and absorption of 
electromagnetic radiation by black bodies. 1 

 

 

 

 

 

 
(c) Describe the extension to Planck’s hypothesis made by Einstein in 1905. 2 
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Marks 
 
Question 26 (4 marks) 
 
Solid-state devices have largely replaced thermionic devices in electronics. 
 
(a) Describe the difference between a thermionic device and a solid-state device.  2 
 

 

 

 

 

(b) State two impacts that the development of solid-state devices has had on society. 2 
 

 

 

 

 

 

 

 
Question 27 (6 marks) 
 
“A controversy between competing scientific theories can sometimes be resolved by a single 
experiment”. 
 
Evaluate this statement with reference to J. J. Thomson’s experiment to determine the 
charge to mass ratio of the electron and the experiment conducted by Michelson and 
Morley to detect the motion of the Earth through the aether. 6 
 

 

 

 

 

 

 

 

Space for your answer continues on the next page 
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End of Part B 

End of Section I 
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Section II 
25 marks 
 
Attempt one question from Questions 28–30 
Allow about 45 minutes for this section 
Answer the question in a writing booklet and show all relevant working in questions involving 
calculations. 
 
 

Marks 
Question 28 – Medical physics (25 marks) 
 
 
(a) Transmission ultrasound is a new form of ultrasound scanning currently being 

developed. This technology utilises the ultrasound waves transmitted through the 
body, as opposed to traditional ultrasound that uses the reflection of ultrasound 
waves. 

 
 (i) Why is a gel used on the skin when ultrasound scans are being 

performed? 1 
 
 (ii) Use your knowledge of reflection ultrasonics to calculate the percentage 

of the incident ultrasound intensity that would be transmitted when an 
ultrasound wave passes from bone (acoustic impedance = 4.7 × 106 kgm-

2s-1) into the brain (acoustic impedance = 1.60 × 106 kgm-2s-1).  2 
 
 (iii) Explain how the Doppler effect is used, in traditional reflection 

ultrasonics, to measure flow characteristics of blood moving through the 
heart. 4 

 
 
(b) Optic fibre endoscopes can be used to illuminate and image internal organs in 

the body. Explain how such endoscopes illuminate internal organs and how they 
produce images of internal structures in the body. 3 

 
 
(c) Oxygen-15 is one of the positron emitters that can be used in PET scans. The 

decay curve for oxygen-15 is shown below. 
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Marks 
 

 (i) Use the decay curve to determine the half-life of oxygen-15. 1 
 
 
 (ii) PET scans utilise the interaction between electrons and positrons. What 

products are created when an electron and a positron collide with one 
another?  1 

 
 (iii) Explain how a PET scan pinpoints the position of radioactive isotopes 

within the body. 3 
 
 
(d) By utilising the precession of certain atomic nuclei, Magnetic Resonance 

Imaging (MRI) can be used to produce detailed structural images of soft tissue. 
 
 (i) Patients who work with metals must be X-rayed before being given an MRI to 

ensure they have no metal splinters in their bodies. Explain why this safety 
precaution is necessary. 1 

 
 (ii) From the number of protons and neutrons in the nucleus determine if a 

helium-4 nucleus has a net spin 1 
 
 (iii) State which scan is safer for the patient, an MRI scan or a CAT scan and 

explain why the scan you chose is safer. 2 
 
 
(e) “The discovery of X-rays by Wilhelm Roentgen in 1895 was to have a huge 

impact on medicine and on society.” Evaluate the validity of this statement in the 
light of your studies of the use of X-rays in medical physics. 6 

 
 
 
 
 
 
 

End of Question 28 
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Marks 
 
Question 29 – Astrophysics (25 marks) 
 
(a) A recent scientific article on the possible benefits of setting up a permanent base 

on the moon suggested the moon would be an ideal place for astronomers to 
locate their telescopes. 

 
 (i) State one reason why the moon would be a more suitable site than the 

Earth for astronomical telescopes. 1 
 
 (ii) Explain why a large, visible light telescope on the moon would require 

active optics but would not require adaptive optics. 2 
 
 (iii) If a telescope on the moon were to be used to measure parallax shifts, 

explain why it would be better to continue to use the Earth’s orbital 
diameter as the baseline rather than the moon’s orbital diameter. 2 

 
 
(b) Spectral analysis of the light from stars, galaxies and nebulae can provide a huge 

amount of information. 
 
 (i) Describe the technology needed to measure astronomical spectra. 3 
 
 (ii) Compare and contrast the emission spectra from a main sequence star 

with a surface temperature of 6000 K with the emission spectra from a 
black body at the same temperature. 2 

 
 
(c) The star, Deneb, has an absolute magnitude of –7.2 and is 492 pc from Earth, 

while the star, Altair, has an apparent magnitude of 2.2 and is located 5.1 pc 
from the Earth. 

 
 (i) Without doing any calculations, explain how the information above can 

be used to determine which of the two stars has the greatest luminosity. 1 
 
 (ii) Calculate the apparent magnitude of Deneb and hence determine which 

star is the brightest when viewed from the Earth. 2 
 
 (iii) Calculate the brightness ratio for these two stars, when they are viewed 

from the Earth. 1 
 
 
(d) Astronomers have gathered a great deal of information about the evolution of 

stars and the universe itself by studying different types of stars. 
 
 (i) Describe how astrometric binary stars are detected. 2 
 
 (ii) Explain how cepheid variable stars in other galaxies can be used to 

determine the distance to those galaxies. 3 
 
 

HSC
Fo

cu
s.c

om



Physics HSC 2006 
 

 26

Marks 
 
(e) Evaluate the importance of the Hertzsprung-Russell diagram to our 

understanding of the ‘life cycle’ of stars. 6 
 

End of Question 29 
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Marks 
 
Question 30 – Quanta to quarks (25 marks) 
 
(a) To investigate atomic structure, Rutherford’s co-workers, Marsden and Geiger, 

bombarded a very thin piece of gold foil with high-speed alpha particles and 
measured the angles at which the alpha particles were deflected. Some of the 
results they obtained are shown in the table below. 

 
Angle of deflection (o)          Number of alpha particles 

deflected at this angle 
5 8 289 000 
15 120 570 
45 1435 
75 211 
120 52 
150 33 

 
 (i) Explain how the new atomic model proposed by Rutherford accounted 

for the experimental results shown above. 2 
 
 (ii) Bohr’s atomic model replaced Rutherford’s atomic model. State two 

advantages of Bohr’s model over Rutherford’s model. 2 
 
 
(b) de Broglie proposed that all sub-atomic particles had an associated wavelength. 
 
 (i) Given that the mass of an electron is 9.1 × 10-31 kg, calculate the velocity 

of an electron with a wavelength of 0.14 nm. 1 
 
 (ii) Describe the experiment conducted by Davisson and Germer and explain 

how it supported de Broglie’s hypothesis. 4 
 
 
(c) The first three wavelengths and the associated photon energies of the visible 

spectrum (Balmer series) of hydrogen are listed below. 
 

Transition         Wavelength of 
emitted photon (nm)   

Energy of photon 
(J)     

Energy of photon 
(eV) 

n3 → n2 656 nm   3.03 x 10-19 1.89 
n4 → n2           486 nm 4.11 x 10-19 2.57 
n5 → n2 434 nm             4.58 x 10-19 2.86 

 
 
 (i) Calculate the wavelength and photon energy in electron volts, for the  

n2 →n1 transition in hydrogen. 2 
 
 (ii) Use the results of your calculation and the data in the table above to draw 

to scale and label an energy level diagram for the first five electron 
energy levels of the hydrogen atom. 3 
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Marks 
 

(d) Measurements of the kinetic energy of the decay products when a nucleus of 
uranium-237 undergoes an alpha decay indicate that the reaction releases 
0.03 MeV of energy. 

 
 (i) Write a nuclear equation showing the chemical symbols, atomic numbers 

and mass numbers, for this nuclear reaction. 1 
 
 (ii) Calculate the difference between the mass of the products and the mass 

of the reactants in this nuclear reaction. 1 
 
 (iii) Explain why this reaction is called a ‘natural transmutation’. 2 
 
 
(e) “Nuclear fission has brought huge benefits to society and terrible suffering.” 

Discuss this statement. 7 
 
 
 

End of Question 30 
 
 
 

 
 
 
 
 

End of paper 
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Formula Sheet 
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Physics Data Sheet 

 

Numerical values of several constants 

 

 Charge on an electron, qe -1.602 × 10-19 C 

 Mass of electron, me 9.109 × 10-31 kg 

 Mass of neutron, mn 1.675 × 10-27 kg 

 Mass of proton, mp 1.673 × 10-27 kg 

 Speed of sound in air 340 ms-1 

 Earth’s gravitational acceleration, g 9.8 ms-2 

 Speed of light, c 3.00 × 108 ms-1 

 Magnetic force constant, k 2.0 × 10-7 NA-2 

 Universal gravitational constant, G 6.67 × 10-11 Nm2kg-2 

 Mass of Earth 6.0 × 1024 kg 

 Planck’s constant, h 6.626 × 10-34 Js 

 Rydberg’s constant, RH 1.097 × 107 m-1 

 Atomic mass unit, u 1.661 × 10-27 kg 

  931.5 MeV/c2 

 1 eV 1.602 × 10-19 J 

 Density of water, r 1.00 × 103 kgm-3 

 Specific heat capacity of water 4.18 × 103 Jkg-1K-1 HSC
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Section I – Multiple choice 

Answer sheet 
 
 

 A B C D 

1     

2     

3     

4     

5     

6     

7     

8     

9     

10     

11     

12     

13     

14     

15     
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).  
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n 
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• 
Ex

te
ns

iv
e 

an
d 

co
he

re
nt

 a
ns

w
er

 th
at

 d
es

cr
ib

es
 th

e 
im

po
rta

nt
 fe

at
ur

es
 o

f H
/R

 
di

ag
ra

m
s, 

ou
tli

ne
s s

te
lla

r e
vo

lu
tio

n 
pa

th
s f

or
 st

ar
s w

ith
 d

iff
er

en
t i

ni
tia

l 
m

as
se

s, 
ex

pl
ai

ns
 h

ow
 th

ey
 a

re
 re

pr
es

en
te

d 
on

 a
n 

H
/R

 d
ia

gr
am

 a
nd

 in
cl

ud
es

 
an

 e
va

lu
at

io
n 

of
 th

e 
di

ag
ra

m
’s

 im
po

rta
nc

e 
to

 u
nd

er
st

an
di

ng
 st

el
la

r 
ev

ol
ut

io
n.

  

5–
6 

• 
Le

ss
 e

xt
en

si
ve

 a
ns

w
er

 th
at

 st
ill

 c
on

ta
in

s a
 si

gn
ifi

ca
nt

 a
m

ou
nt

 o
f t

he
 a

bo
ve

 
in

fo
rm

at
io

n 
or

 a
 c

on
te

nt
-r

ic
h 

an
sw

er
 th

at
 fa

ils
 to

 m
ak

e 
th

e 
lin

k 
be

tw
ee

n 
st

el
la

r e
vo

lu
tio

n 
an

d 
th

e 
H

/R
 d

ia
gr

am
 o

r t
o 

ev
al

ua
te

 it
s i

m
po

rta
nc

e.
  

3–
4 

• 
A

 v
ag

ue
 a

ns
w

er
 th

at
 m

ak
es

 so
m

e 
co

rr
ec

t p
oi

nt
s. 

 
1–

2 

A
 g

oo
d 

re
sp

on
se

 m
ig

ht
 in

cl
ud

e:
 

• 
Th

e 
H

/R
 d

ia
gr

am
 p

lo
ts

 a
bs

ol
ut

e 
m

ag
ni

tu
de

 a
ga

in
st

 sp
ec

tra
l c

la
ss

 (o
r 

te
m

pe
ra

tu
re

). 
• 

Th
e 

H
/R

 d
ia

gr
am

 is
 u

se
d 

to
 p

lo
t s

ta
r c

ha
ra

ct
er

is
tic

s i
n 

or
de

r t
o 

gr
ou

p 
st

ar
s i

nt
o 

di
ff

er
en

t c
at

eg
or

ie
s b

as
ed

 o
n 

th
e 

en
er

gy
 th

ey
 ra

di
at

e 
pe

r s
ec

on
d 

an
d 

th
ei

r 
sp

ec
tra

l c
la

ss
 (s

ur
fa

ce
 te

m
pe

ra
tu

re
). 

  
• 

O
n 

an
 H

/R
 d

ia
gr

am
, m

ai
n 

se
qu

en
ce

 st
ar

s, 
re

d 
gi

an
ts

, w
hi

te
 d

w
ar

f s
ta

rs
 a

pp
ea

r i
n 

di
ff

er
en

t r
eg

io
ns

 (s
tu

de
nt

s c
ou

ld
 sh

ow
 th

is
 w

ith
 a

 la
be

lle
d 

di
ag

ra
m

). 
• 

St
el

la
r 

ev
ol

ut
io

n 
ca

n 
be

 r
ep

re
se

nt
ed

 o
n 

an
 H

/R
 d

ia
gr

am
 b

ec
au

se
 st

ar
s p

as
s 

th
ro

ug
h 

va
ri

ou
s s

ta
ge

s t
ha

t c
an

 b
e 

re
pr

es
en

te
d 

on
 th

e 
di

ag
ra

m
. A

ll 
st

ar
s 

fo
rm

 in
 h

ug
e 

cl
ou

ds
 o

f g
as

 a
nd

 d
us

t. 
W

he
n 

gr
av

ity
 a

cc
um

ul
at

es
 e

no
ug

h 
m

at
er

ia
l 

fo
r t

he
 fu

si
on

 o
f h

yd
ro

ge
n 

in
to

 h
el

iu
m

 a
 p

ro
to

st
ar

 is
 b

or
n 

an
d 

th
e 

st
ar

 b
ec

om
es

 a
 

m
ai

n 
se

qu
en

ce
 st

ar
 th

at
 c

an
 b

e 
pl

ot
te

d 
on

 th
e 

H
/R

 d
ia

gr
am

. 
• 

St
ar

s l
ik

e 
ou

r s
un

 (1
 so

la
r m

as
s s

ta
rs

), 
w

ill
 in

iti
al

ly
 jo

in
 th

e 
m

ai
n 

se
qu

en
ce

 
(f

us
in

g 
hy

dr
og

en
 to

 h
el

iu
m

 in
 th

ei
r c

or
e)

 w
he

re
 th

ey
 w

ill
 re

m
ai

n 
un

til
 th

ey
 ru

n 
ou

t o
f h

yd
ro

ge
n 

in
 th

ei
r c

or
e.

 T
he

y 
w

ill
 th

en
 st

ar
t t

o 
bu

rn
 h

el
iu

m
 in

 th
ei

r c
or

es
 

an
d 

ex
pa

nd
 to

 b
ec

om
e 

re
d 

gi
an

t s
ta

rs
. W

he
n 

th
e 

he
liu

m
 in

 th
e 

co
re

 is
 u

se
d 

up
, 

fu
si

on
 w

ill
 c

ea
se

 b
ec

au
se

 th
ey

 a
re

 n
ot

 b
ig

 e
no

ug
h 

to
 fu

se
 h

ea
vi

er
 e

le
m

en
ts

 a
nd

 
th

e 
st

ar
 w

ill
 sh

rin
k 

to
 b

ec
om

e 
a 

w
hi

te
 d

w
ar

f. 
(S

tu
de

nt
s c

ou
ld

 sh
ow

 th
is

 u
si

ng
 a

 
la

be
lle

d 
H

/R
 d

ia
gr

am
.) 

• 
La

rg
er

 st
ar

s m
ay

 fu
se

 h
ea

vi
er

 e
le

m
en

ts
 a

fte
r h

el
iu

m
 a

nd
 a

fte
r b

ec
om

in
g 

re
d 

gi
an

ts
 u

nd
er

go
 n

ov
a,

 o
r i

f t
he

y 
ar

e 
la

rg
e 

en
ou

gh
 (1

0 
so

la
r m

as
se

s)
 su

pe
r n

ov
a 

ex
pl

os
io

ns
. D

ep
en

di
ng

 o
n 

ho
w

 b
ig

 th
e 

co
re

 is
 a

fte
r t

he
 su

pe
r n

ov
a 

ex
pl

os
io

n,
 

th
es

e 
la

rg
e 

st
ar

s m
ay

 c
ol

la
ps

e 
to

 b
ec

om
e 

ne
ut

ro
n 

st
ar

s o
r b

la
ck

 h
ol

es
. 
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• 
Th

e 
H

/R
 d

ia
gr

am
 e

na
bl

es
 d

iff
er

en
t s

ta
r t

yp
es

 to
 b

e 
re

ad
ily

 se
en

 a
nd

 th
e 

ev
ol

ut
io

n 
of

 st
ar

s t
o 

be
 p

lo
tte

d 
an

d 
ex

am
in

ed
. T

he
 H

/R
 d

ia
gr

am
 h

as
 th

er
ef

or
e 

be
en

, a
nd

 c
on

tin
ue

s t
o 

be
, a

n 
ex

tre
m

el
y 

im
po

rta
nt

 to
ol

 fo
r s

tu
dy

in
g 

an
d 

un
de

rs
ta

nd
in

g 
th

e 
ev

ol
ut

io
n 

of
 st

ar
s. 

  Q
ue

st
io

n 
30

 –
 Q

ua
nt

a 
to

 q
ua

rk
s 

 Q
ue

st
io

n 
30

 (a
) (

i) 
C

ri
te

ri
a 

M
ar

ks
 

• 
A

n 
ex

pl
an

at
io

n 
of

 h
ow

 R
ut

he
rf

or
d’

s p
la

ne
ta

ry
 m

od
el

 a
cc

ou
nt

s f
or

 th
e 

ex
pe

rim
en

ta
l r

es
ul

ts
. 

2 

• 
A

ns
w

er
 in

cl
ud

es
 a

 d
es

cr
ip

tio
n 

of
 R

ut
he

rf
or

d’
s n

uc
le

ar
 m

od
el

. 
1 

A
 ty

pi
ca

l r
es

po
ns

e 
w

ou
ld

 in
cl

ud
e:

 
• 

R
ut

he
rf

or
d 

pr
op

os
ed

 a
 p

la
ne

ta
ry

 m
od

el
 in

 w
hi

ch
 th

e 
el

ec
tro

n 
or

bi
te

d 
a 

sm
al

l 
po

si
tiv

e 
nu

cl
eu

s. 
(H

e 
su

gg
es

te
d 

el
ec

tro
st

at
ic

 fo
rc

es
 h

el
d 

th
e 

el
ec

tro
n 

in
 it

s o
rb

it.
)  

• 
R

ut
he

rf
or

d’
s m

od
el

 e
xp

la
in

ed
 th

e 
re

su
lts

 b
ec

au
se

 m
os

t o
f t

he
 a

to
m

 w
as

 e
m

pt
y 

sp
ac

e,
 so

 m
os

t o
f t

he
 a

lp
ha

 p
ar

tic
le

s p
as

se
d 

th
ro

ug
h 

w
ith

ou
t b

ei
ng

 d
ef

le
ct

ed
 

si
gn

ifi
ca

nt
ly

. A
 sm

al
l n

um
be

r o
f a

lp
ha

 p
ar

tic
le

s, 
ho

w
ev

er
, w

ou
ld

 h
av

e 
ha

d 
ne

ar
 

‘h
ea

d 
on

’ c
ol

lis
io

ns
 w

ith
 th

e 
nu

cl
eu

s, 
ca

us
in

g 
th

em
 to

 b
e 

de
fle

ct
ed

 b
y 

a 
la

rg
e 

am
ou

nt
. 

 Q
ue

st
io

n 
30

 (a
) (

ii)
 

C
ri

te
ri

a 
M

ar
ks

 

• 
Tw

o 
ad

va
nt

ag
es

 w
ith

 th
e 

m
od

el
 c

or
re

ct
ly

 st
at

ed
. 

2 

• 
O

ne
 a

dv
an

ta
ge

 c
le

ar
ly

 st
at

ed
. 

1 

A
 g

oo
d 

re
sp

on
se

 w
ou

ld
 in

cl
ud

e:
 

• 
R

ut
he

rf
or

d’
s m

od
el

 w
as

 u
ns

ta
bl

e 
be

ca
us

e 
th

e 
or

bi
tin

g 
el

ec
tro

ns
 w

ou
ld

 h
av

e 
be

en
 

ac
ce

le
ra

tin
g 

an
d 

w
ou

ld
 th

er
ef

or
e 

ha
ve

 e
m

itt
ed

 e
le

ct
ro

m
ag

ne
tic

 ra
di

at
io

n,
 c

au
si

ng
 

th
e 

el
ec

tro
n 

to
 sl

ow
 d

ow
n 

an
d 

sp
ira

l i
nt

o 
th

e 
nu

cl
eu

s. 
B

oh
r’

s m
od

el
 in

 c
on

tra
st

 w
as

 
st

ab
le

 b
ec

au
se

 it
 a

ss
um

ed
 e

le
ct

ro
ns

 c
ou

ld
 o

nl
y 

or
bi

t i
n 

sp
ec

ifi
ed

 n
on

-r
ad

ia
tin

g 
or

bi
ts

.  
• 

B
oh

r’
s m

od
el

 e
xp

la
in

ed
 a

to
m

ic
 e

m
is

si
on

 a
nd

 a
bs

or
pt

io
n 

sp
ec

tra
 w

hi
le

 R
ut

he
rf

or
d’

s 
co

ul
d 

no
t. 

 Q
ue

st
io

n 
30

 (b
) (

i) 
C

ri
te

ri
a 

M
ar

ks
 

• 
C

or
re

ct
 a

ns
w

er
. 

1 

A
ns

w
er

: v
 =

 h
/m
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= 
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Q
ue

st
io

n 
30

 (b
) (

ii)
 

C
ri

te
ri

a 
M

ar
ks

 

• 
A

 c
le

ar
 d

es
cr

ip
tio

n 
of

 th
e 

D
av

is
so

n 
an

d 
G

er
m

er
 e

xp
er

im
en

t a
nd

 a
 c

le
ar

 
ex

pl
an

at
io

n 
of

 h
ow

 it
 su

pp
or

te
d 

de
 B

ro
gl

ie
’s

 w
av

e 
hy

po
th

es
is

. 
4 

• 
A

 c
le

ar
 d

es
cr

ip
tio

n 
of

 th
e 

ex
pe

rim
en

t, 
bu

t n
o 

ex
pl

an
at

io
n 

of
 h

ow
 it

 
su

pp
or

te
d 

th
e 

w
av

e 
hy

po
th

es
is

 o
r 

a 
va

gu
e 

de
sc

rip
tio

n 
of

 th
e 

ex
pe

rim
en

t 
an

d 
ho

w
 it

 su
pp

or
te

d 
th

e 
hy

po
th

es
is

. 
2–

3 

• 
A

 c
on

fu
se

d 
an

sw
er

 w
ith

 so
m

e 
co

rr
ec

t s
ta

te
m

en
t a

bo
ut

 th
e 

ex
pe

rim
en

t. 
1 

A
 g

oo
d 

re
sp

on
se

 w
ou

ld
 in

cl
ud

e:
 

• 
D

av
is

so
n 

an
d 

G
er

m
er

 a
cc

el
er

at
ed

 e
le

ct
ro

ns
 to

 h
ig

h 
sp

ee
d 

an
d 

th
en

 d
ire

ct
ed

 th
e 

el
ec

tro
n 

be
am

 a
t a

 n
ic

ke
l c

ry
st

al
. T

he
y 

th
en

 d
et

ec
te

d 
an

d 
m

ea
su

re
d 

th
e 

di
re

ct
io

n 
at

 
w

hi
ch

 e
le

ct
ro

ns
 le

ft 
th

e 
cr

ys
ta

l. 
(A

 d
ia

gr
am

 c
ou

ld
 b

e 
us

ed
 to

 su
pp

or
t t

he
 a

ns
w

er
.) 

• 
Th

ey
 fo

un
d 

th
e 

el
ec

tro
ns

 w
er

e 
di

ff
ra

ct
ed

 in
 th

e 
sa

m
e 

w
ay

 th
at

 X
-r

ay
s w

ith
 th

e 
sa

m
e 

w
av

el
en

gt
h 

as
 th

e 
el

ec
tro

ns
, w

er
e 

di
ff

ra
ct

ed
. B

y 
m

ea
su

rin
g 

th
e 

an
gl

e 
of

 d
iff

ra
ct

io
n,

 
kn

ow
in

g 
th

e 
cr

ys
ta

l l
at

tic
e 

sp
ac

in
g 

an
d 

us
in

g 
B

ra
gg

’s
 la

w
 th

ey
 d

et
er

m
in

ed
 th

e 
w

av
el

en
gt

h 
of

 th
e 

di
ff

ra
ct

ed
 e

le
ct

ro
ns

 a
nd

 fo
un

d 
it 

ag
re

ed
 w

ith
 th

e 
th

eo
re

tic
al

 v
al

ue
 

ca
lc

ul
at

ed
 u

si
ng

 d
e 

B
ro

gl
ie

’s
 e

qu
at

io
n 

λ 
= 

h/
m

v.
 T

hi
s e

xp
er

im
en

t p
ro

ve
d 

no
t o

nl
y 

th
at

 e
le

ct
ro

ns
 b

eh
av

ed
 li

ke
 w

av
es

, b
ut

 a
ls

o 
th

at
 th

ey
 h

ad
 th

e 
w

av
el

en
gt

h 
pr

ed
ic

te
d 

by
 d

e 
B

ro
gl

ie
’s

 th
eo

ry
. 

 Q
ue

st
io

n 
30

 (c
) (

i) 
C

ri
te

ri
a 

M
ar

ks
 

• 
B

ot
h 

ca
lc

ul
at

io
ns

 c
or

re
ct

. 
2 

• 
O

ne
 c

al
cu

la
tio

n 
co

rr
ec

t o
r c

or
re

ct
 su

bs
tit

ut
io

n 
in

 R
yd

be
rg

’s
 e

qu
at

io
n 

on
ly

. 
1 

A
ns

w
er

:  
• 

λ 
= 

1/
(R

 (1
/1

 –
 1

/2
2 ))

 =
 1

21
.5

 n
m

 
• 

E 
= 

hc
/λ

 =
 1

.6
36

 ×
 1

0 
–1

8  J 
= 

10
.2

1 
eV

 
 Q

ue
st

io
n 

30
 (c

) (
ii)

 
C

ri
te

ri
a 

M
ar

ks
 

• 
C

or
re

ct
 d

ia
gr

am
, t

o 
sc

al
e,

 w
ith

 e
ac

h 
en

er
gy

 le
ve

ls
 la

be
lle

d 
(w

ith
 e

ne
rg

y 
or

 
pr

in
ci

pa
l q

ua
nt

um
 n

um
be

r)
.  

3 

• 
C

or
re

ct
 d

ia
gr

am
 w

ith
 tw

o 
co

rr
ec

t f
ro

m
 th

e 
fo

llo
w

in
g:

 d
ia

gr
am

 d
ra

w
n 

to
 

sc
al

e,
 e

ne
rg

y 
ax

is
 la

be
lle

d,
 le

ve
ls

 la
be

lle
d 

(w
ith

 e
ne

rg
y 

or
 p

rin
ci

pa
l 

qu
an

tu
m

 n
um

be
r)

. 
2 

• 
C

or
re

ct
 fo

rm
 o

f d
ia

gr
am

 w
ith

 o
ne

 c
or

re
ct

 fr
om

 th
e 

fo
llo

w
in

g:
 d

ia
gr

am
 

dr
aw

n 
to

 sc
al

e,
 e

ne
rg

y 
ax

is
 la

be
lle

d,
 le

ve
ls

 la
be

lle
d 

(w
ith

 e
ne

rg
y 

or
 

pr
in

ci
pa

l q
ua

nt
um

 n
um

be
r)

.  
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A
 g

oo
d 

re
sp

on
se

 is
 sh

ow
n 

be
lo

w
: 

 

 
  Q

ue
st

io
n 

30
 (d

) (
i) 

C
ri

te
ri

a 
M

ar
ks

 

• 
C

or
re

ct
 c

al
cu

la
tio

n.
 

1 

 A
ns

w
er

: 23
7 92

U
 →

 23
3 90

Th
 +

 4 2H
e 

  
 Q

ue
st

io
n 

30
 (d

) (
ii)

 
C

ri
te

ri
a 

M
ar

ks
 

• 
C

or
re

ct
 n

um
er

ic
al

 a
ns

w
er

. 
1 

A
ns

w
er

: 0
.0

3/
93

1.
5 

= 
3.

2 
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-5

 a
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m
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 m
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 ×
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Q
ue

st
io

n 
30

 (d
) (

iii
) 

C
ri

te
ri

a 
M

ar
ks

 

• 
C

or
re

ct
 e

xp
la

na
tio

n 
of

 b
ot

h 
‘n

at
ur

al
’ a

nd
 ‘t

ra
ns

m
ut

at
io

n’
. 

2 

• 
C

or
re

ct
 e

xp
la

na
tio

n 
of

 o
ne

 o
f t

he
 a

bo
ve

. 
1 

A
 g

oo
d 

re
sp

on
se

 w
ou

ld
 in

cl
ud

e:
 

• 
Th

is
 re

ac
tio

n 
is

 a
 n

at
ur

al
 tr

an
sm

ut
at

io
n 

be
ca

us
e:

 
• 

En
er

gy
 is

 re
le

as
ed

 in
 th

is
 n

uc
le

ar
 re

ac
tio

n 
an

d 
th

er
ef

or
e 

it 
m

ay
 o

cc
ur

 s
po

nt
an

eo
us

ly
 

as
 a

 ‘n
at

ur
al

’ r
ad

io
ac

tiv
e 

de
ca

y.
 

• 
U

ra
ni

um
 is

 ‘t
ra

ns
m

ut
ed

’ (
i.e

. c
ha

ng
ed

) i
nt

o 
a 

di
ff

er
en

t e
le

m
en

t i
n 

th
is

 re
ac

tio
n.
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ue
st

io
n 
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C

ri
te

ri
a 

M
ar

ks
 

• 
Ex

te
ns

iv
e 

an
d 

co
he

re
nt

 a
ns

w
er

 th
at

 d
es

cr
ib

es
 p

ow
er

 g
en

er
at

io
n 

by
 n

uc
le

ar
 

fis
si

on
 a

nd
 fi

ss
io

n 
w

ea
po

ns
 a

nd
 li

nk
s b

ot
h 

to
 sp

ec
ifi

c 
be

ne
fit

s a
nd

 
pr

ob
le

m
s f

or
 so

ci
et

y.
   

 
7 

• 
A

n 
ex

te
ns

iv
e 

an
sw

er
 th

at
 w

el
l d

es
cr

ib
es

 n
uc

le
ar

 fi
ss

io
n 

po
w

er
 g

en
er

at
io

n 
an

d 
w

ea
po

ns
 b

ut
 fa

ils
 to

 li
nk

 th
em

 a
de

qu
at

el
y 

to
 so

ci
al

 e
ff

ec
ts

 o
r 

an
 

ex
te

ns
iv

e 
an

sw
er

 o
n 

th
e 

so
ci

al
 e

ff
ec

ts
 th

at
 la

ck
s s

uf
fic

ie
nt

 d
et

ai
l a

bo
ut

 
fis

si
on

 p
ow

er
 o

r f
is

si
on

 w
ea

po
ns

.  

5–
6 

• 
A

 le
ss

 e
xt

en
si

ve
 a

ns
w

er
 th

at
 d

es
cr

ib
es

 so
m

e 
as

pe
ct

s o
f f

is
si

on
 p

ow
er

 a
nd

 
w

ea
po

ns
 a

nd
 th

ei
r a

ff
ec

t o
n 

so
ci

et
y 

or
 a

 g
oo

d 
an

sw
er

 th
at

 c
on

ce
nt

ra
te

s o
n 

co
nt

ro
lle

d 
nu

cl
ea

r p
ow

er
 a

nd
 it

s e
ff

ec
t o

n 
so

ci
et

y 
(b

ut
 fa

ils
 to

 a
dd

re
ss

 
nu

cl
ea

r w
ea

po
ns

) o
r 

a 
go

od
 a

ns
w

er
 th

at
 c

on
ce

nt
ra

te
s o

n 
th

e 
“s

uf
fe

rin
g”

 o
r 

th
e 

“b
en

ef
it”

 a
sp

ec
t o

f t
he

 st
at

em
en

t. 
 

3–
4 

• 
A

 p
oo

rly
 c

on
st

ru
ct

ed
 a

ns
w

er
 th

at
 m

ak
es

 so
m

e 
co

rr
ec

t s
ta

te
m

en
ts

 a
bo

ut
 

co
nt

ro
lle

d 
an

d/
or

 u
nc

on
tro

lle
d 

fis
si

on
 p

ow
er

 a
nd

/o
r t

he
ir 

ef
fe

ct
 o

n 
so

ci
et

y.
  

1–
2 

A
 g

oo
d 

an
sw

er
 m

ig
ht

 in
cl

ud
e:

 
• 

N
uc

le
ar

 fi
ss

io
n 

w
as

 d
is

co
ve

re
d 

ju
st

 b
ef

or
e 

th
e 

Se
co

nd
 W

or
ld

 W
ar

 b
eg

an
.  

• 
N

uc
le

ar
 fi

ss
io

n 
oc

cu
rs

 w
he

n 
a 

la
rg

e 
nu

cl
eu

s a
bs

or
bs

 a
 n

eu
tro

n 
an

d 
sp

lit
s i

nt
o 

tw
o 

sm
al

le
r n

uc
le

i, 
em

itt
in

g 
so

m
e 

ne
ut

ro
ns

. I
n 

th
is

 p
ro

ce
ss

, m
as

s i
s c

on
ve

rte
d 

in
to

 
en

er
gy

 a
nd

 b
ec

au
se

 n
eu

tro
ns

 a
re

 re
le

as
ed

 in
 th

e 
re

ac
tio

n 
th

ey
 c

an
 b

e 
us

ed
 to

 in
iti

at
e 

fu
rth

er
 fi

ss
io

n 
re

ac
tio

ns
, p

ro
du

ci
ng

 a
 c

ha
in

 re
ac

tio
n.

   
• 

D
ur

in
g 

th
e 

Se
co

nd
 W

or
ld

 W
ar

, s
ci

en
tis

ts
 in

 th
e 

U
SA

 d
ev

el
op

ed
 c

on
tro

lle
d 

nu
cl

ea
r 

re
ac

to
rs

 th
at

 c
ou

ld
 b

e 
us

ed
 to

 p
ro

du
ce

 e
ne

rg
y 

in
 a

 c
on

tro
lle

d 
fa

sh
io

n 
an

d 
fis

si
on

 
w

ea
po

ns
 th

at
 c

ou
ld

 b
e 

us
ed

 to
 re

le
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e 
en

er
gy

 e
xp

lo
si

ve
ly

. T
he

 W
ar

 in
 th

e 
Pa

ci
fic

 
w

as
 e

nd
ed

 w
he

n 
th

e 
U

SA
 d

ro
pp

ed
 ‘a

to
m

ic
 b

om
bs

’ o
n 

H
iro

sh
im

a 
an

d 
N

ag
as

ak
i, 

ki
lli

ng
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ve
r o

ne
 h

un
dr

ed
 th

ou
sa

nd
 p

eo
pl

e.
  

• 
Si

nc
e 

th
e 

W
ar

, c
on

tro
lle

d 
nu

cl
ea

r f
is

si
on

 re
ac

to
rs

 h
av

e 
be

en
 u

se
d 

to
 p

ro
du

ce
 

el
ec

tri
ci

ty
 in

 a
 n

um
be

r o
f c

ou
nt

rie
s a

nd
 to

da
y 

ar
e 

re
sp

on
si

bl
e 

fo
r a

bo
ut

 1
0%

 o
f t

he
 

w
or

ld
’s

 e
le

ct
ric

ity
 g

en
er

at
io

n.
  

• 
N

uc
le

ar
 fi

ss
io

n,
 a

s t
he

 st
at

em
en

t s
ug

ge
st

s, 
ha

s b
ee

n 
a 

tw
o-

ed
ge

d 
sw

or
d 

fo
r s

oc
ie

ty
 

br
in

gi
ng

 th
e 

be
ne

fit
s o

f e
le

ct
ric

ity
 p

ro
du

ct
io

n 
w

ith
ou

t g
re

en
ho

us
e 

ga
s e

m
is

si
on

s o
r 

bu
rn

in
g 

fo
ss

il 
fu

el
s o

n 
th

e 
on

e 
ha

nd
, w

hi
le

 b
ei

ng
 re

sp
on

si
bl

e 
fo

r m
an

y 
de

at
hs

 
du

rin
g 

th
e 

W
ar

 a
nd

 th
e 

ar
m

s r
ac

e 
an

d 
fe

ar
 o

f n
uc

le
ar

 d
es

tru
ct

io
n 

af
te

r t
he

 W
ar

 o
n 

th
e 

ot
he

r h
an

d.
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• 
So

m
e 

w
ou

ld
 a

rg
ue

 th
at

 e
ve

n 
nu

cl
ea

r p
ow

er
 g

en
er

at
io

n 
its

el
f i

s a
 tw

o-
ed

ge
d 

sw
or

d 
fo

r h
um

an
ity

. N
uc

le
ar

 p
ow

er
 h

as
 b

ro
ug

ht
 so

ci
et

ie
s a

 h
ug

e 
am

ou
nt

 o
f ‘

cl
ea

n’
 p

ow
er

, 
bu

t w
ith

 a
 c

os
t o

f s
uf

fe
rin

g 
ca

us
ed

 b
y 

nu
cl

ea
r a

cc
id

en
ts

, t
he

 th
re

at
 o

f f
ut

ur
e 

ac
ci

de
nt

s a
nd

 te
rr

or
is

t a
tta

ck
s o

n 
po

w
er

 st
at

io
ns

 a
nd

 n
o 

ab
so

lu
te

 sa
fe

 w
ay

 to
 st

or
e 

ra
di

oa
ct

iv
e 

w
as

te
s. 

• 
O

th
er

s w
ou

ld
 a

rg
ue

 th
at

 in
 re

ce
nt

 ti
m

es
, i

m
pr

ov
ed

 re
ac

to
r d

es
ig

ns
 h

av
e 

m
ad

e 
nu

cl
ea

r p
ow

er
 g

en
er

at
io

n 
m

uc
h 

sa
fe

r a
nd

 fi
ss

io
n 

is
 b

rin
gi

ng
 h

ug
e 

be
ne

fit
s t

o 
en

er
gy

-s
ta

rv
ed

 so
ci

et
ie

s, 
pa

rti
cu

la
rly

 in
 th

e 
de

ve
lo

pi
ng

 w
or

ld
.  

• 
B

ut
 so

m
e 

pe
op

le
 to

da
y 

st
ill

 c
on

si
de

r n
uc

le
ar

 p
ow

er
 to

o 
gr

ea
t a

 ri
sk

 a
nd

 e
xp

re
ss

 
co

nc
er

n 
ab

ou
t c

ou
nt

rie
s w

ith
 u

ns
ta

bl
e 

go
ve

rn
m

en
ts

 u
si

ng
 fi

ss
io

n 
po

w
er

 g
en

er
at

io
n 

as
 a

 ‘s
te

pp
in

g-
st

on
e’

 to
 m

ak
in

g 
fis

si
on

 w
ea

po
ns

. 
• 

Th
e 

st
at

em
en

t t
he

re
fo

re
 is

 q
ui

te
 v

al
id

 a
nd

 re
fle

ct
s t

he
 h

is
to

ry
 o

f t
he

 u
se

 o
f f

is
si

on
 b

y 
so

ci
et

y.
 O

ne
 w

ou
ld

 h
op

e 
th

at
 in

 th
e 

fu
tu

re
 th

e 
be

ne
fit

s o
f f

is
si

on
 to

 so
ci

et
y 

w
ill

 fa
r 

ou
tw

ei
gh

 th
e 

te
rr

ib
le

 su
ff

er
in

g 
th

at
 fi

ss
io

n 
ha

s c
au

se
d 

in
 th

e 
pa

st
, b

ut
 o

nl
y 

tim
e 

w
ill

 
te

ll.
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