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Q8 
Nuclear power workers routinely are checked for radiation exposure when handling 
mainly alpha decay isotopes. Safety limits are approached if they are exposed to 
more than 100 mSv a month. How much radiation energy a worker can safely 
absorb in a month. 

 

 

  

• 𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑑 𝑑𝑜𝑠𝑒 =
𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑑𝑜𝑠𝑒

𝑞𝑢𝑎𝑙𝑖𝑡𝑦 𝑓𝑎𝑐𝑡𝑜𝑟
=

100×10−3

20
= 5.00 × 10−3 𝐺𝑦  (1) 

• Workers mass as 75 kg  

• 𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑑 𝑑𝑜𝑠𝑒 =
𝐸

𝑚
  ∴ 𝐸 = 𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑑 𝑑𝑜𝑠𝑒 ∗ 𝑚  

• 𝐸 = 75 ∗ 5.00 × 10−3  (1) 

• 𝐸 = 0.38 𝐽  
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Q13 
• Bree places a heating element and a paddle-wheel apparatus in an 

insulated container of water. She calculates that the heating element 
transfers 2530 J of heat energy to the water and the paddle does 240 J of 
work on the water. Calculate the change in internal energy of the water.  

 

• Heat is added to the system, so Q is positive.  

• Work is done on the system, so W is positive. 

 

• ΔU = Q + W = (+2530) + (+240) 

• . ΔU = 2770 J 

 



Q14 
• An astatine-219 nucleus is known to decay to a new element through the 

emission of a beta-minus particle. Determine the new element, write its 
symbol and write the decay equation.  

 

 



Q15 
• A sample of the radioisotope sodium-24 contains 4.0 × 1010 nuclei. The 

half-life of sodium-24 is 15 hours. How many sodium-24 atoms will remain 
in the sample after 150 hours?  

 

 



Q16 
• A cancer tumour is exposed to 0.50 J of radiation energy. The absorbed 

dose is 3 Gy. Calculate the mass of the tumour. Assume that all of the 
radiation is absorbed by the tissue.  

 

 



Q17 
• a. Calculate the dose equivalent (in mSv) from various radioactive sources 

if the absorbed dose is 1.25 mGy.  

 

• QF (alpha particles) = 20 QF (beta particles) = 1 QF (gamma rays) = 1 

 

• The dose equivalent, DE = AD × QF. Convert the answer to mSv using 1 
mSv = 1 × 10−3 Sv. 

 

• DE (α) = 1.25 × 10−3 × 20 = 0.025 Sv = 25 mSv 

 

• b Calculate the dose equivalent (in mSv) from a radiation source if the 
absorbed dose is 1.25 mGy and the source is emitting beta particles.  

 

• DE = AD × QF 

•  Convert the answer to mSv. 

• DE (β) = 1.25 × 10−3 × 1 = 1.25 × 10−3 = 1.25 mSv 

 



Q17 continued 
• c Calculate the dose equivalent (in mSv) from a radiation source if the 

absorbed dose is 1.25 mGy  and the source is emitting gamma rays.  

 

• Convert the answer to mSv. 

• DE (γ ) = 1.25 × 10−3 × 1 = 1.25 × 10−3 = 1.25 mSv 
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Q19 
• Calculate the average binding energy per nucleon for the uranium-235 

nucleus in MeV and joules. Use the following data in your calculations: 
mass of a uranium-235 nucleus = 234.993 462 u, mass of a proton = 1.007 
276 u and mass of a neutron = 1.008 664 u.  

 

 



Q20 
• Calculate the number of electrons that flow past a particular point each 

second in a circuit that carries a current  of 0.75 A.  

 

 

 

 

 

 

• Number of electrons = dividing the charge by the charge on an electron 
(1.6 × 10−19 C). 

 

 

 



Q21 
• An 85.0 g piece of metal is heated to a precise temperature 

of 195C in an oven and then quickly transferred to an 
insulated cup containing 175 mL of water at an initial 
temperature of 14.5C. Once thermal equilibrium is 
achieved, the temperature of the mixture in the cup 
reaches 23.0C. Given that heat transfer only occurs 
between the piece of metal and the water in the cup, 
calculate the specific heat of the metal. 

•   
•     Heat lost by metal   =   Heat gained by water 
•    (m c DT)metal   =   (m c DT)water        

(✔) 
•      (0.085 kg) c (195 - 23 K)   =   (0.175 kg)(4180 Jkg-1K-

1)(23 - 14.5 K) (✔) 
•    c   =   425 Jkg-1K-1      (✔) 

 



Q22 
• A 40 L hot water urn is used in the teacher's lunchroom at school to 

provide boiling water for cups of tea and coffee. The hot water urn 
is rated as having a maximum power, when turned up to its highest 
setting, of 2400 W. 

• (a) What current does the hot water urn draw, when operating at 
its highest setting?    (2 marks) 

 

•  P   =   V I             I   =   P/V      (✔) 

•      =   2400W/240V    

•      =   10 A      (✔) 

• (b) What is the resistance of the hot water urn when operating at 
its highest setting? (2 marks) 

•   

•  R   =   V/I   =   240V/10A   =   24 W      (✔) 

•          (✔) 

 



Q22 continued 

• (c) Given that electricity costs 25 cents per kilowatt-hour, find the 
cost of using the hot water urn, at its highest setting, for the six 
hours of a typical school day.   (2 marks) 

•   

•  Cost   =   P (in kW)  x  t (in h)  x  unit cost      (✔) 

•   =   2.4 kW  x  6 h  x  25 ¢/kW-h   =   $3.60      (✔) 

 



Q23 
• Both evaporative and refrigerative air-conditioners use the latent heat of 

vaporisation of a liquid in order to cool down the air that is blown through 
them. 

• The diagram below shows the basic cycle of the refrigerant fluid in a 
refrigerative air-conditioner. 

 

 



Q23 continued 
• (a) Briefly describe what is happening, and why, in each of the 

following parts of the refrigerative air-conditioner.  
       (4 marks) 

•  Condenser: 

•  In the condenser, the refrigerant fluid has been compressed 
and makes the phase change from gas to liquid      (✔) 

•  This phase change is exothermic and heat is released to the 
surroundings, typically the outside of the house      (✔) 

 

• Evaporator: 

•  In the evaporator, the refrigerant fluid has been allowed 
to expand and makes the phase change from liquid to gas      
(✔) 

•  This phase change is endothermic and heat is absorbed 
from the surroundings, typically the inside of the house      
(✔) 
 

 



Q23 continued 

• (b) Draw a simple sketch of an evaporative air-conditioner and briefly 
explain how it cools down the air blown through it. (3 marks) 

 

 

 

 

 

 

 

 

• Hot air from outside is drawn through a moist cooling pad by a fan 
and causes water to evaporate from the cooling pad.   (✔) 

• Since evaporation is an endothermic process, this absorbs heat 
from the air, cooling it before it is blown into the room   (✔) 

 

 

 

 



Q23 
• (c) State one advantage and one disadvantage of refrigerative air-

conditioners over evaporative air-conditioners.   
      (2 marks) 

•   

•  Advantages of refrigerative air-con over evaporative air-con     (✔) 

• can produce larger temperature drops 

• reduces the humidity of the air being cooled 

• still works well in humid conditions 

•   Disadvantages of refrigerative air-con over evaporative air-
con     (✔) 

• more expensive to operate (uses more electricity) 

• can dry out air too much 

 

 

 



Q23 continued 
• (d) When used in reverse cycle mode a refrigerative 

air-conditioner provides 200 J of thermal energy to a 
room for an electrical energy consumption of only 100 
J, giving it an apparent efficiency of 200%. Does this 
violate the Law of Conservation of Energy? Briefly 
explain your answer.     
     (2 marks) 

•   

• No, it does not violate energy conservation      (✔) 

• The 100 J of electrical energy is consumed driving the 
heat pump, which moves 200 J of thermal energy 
from the air outside to the air inside the room      (✔) 

 



Q24 
• A metal saucepan has 2.50 L of water added to it from the hot tap in a 

kitchen, at a temperature of 45 C. The saucepan is then placed on a gas 
cook-top with the flame turned to HIGH, and the water is brought to the 
boil, taking 3.5 minutes to reach boiling point.  

• (a) Find the quantity of heat needed to bring the water in the saucepan 
to the boil.    (2 marks) 
 
 

•  Q   =   m c T   =   (2.50 kg) (4180 Jkg-1K-1)(100 - 45 K)   =   575 kJ  
•       (✔)     

     (✔) 
 
 

• (b) Estimate the power of the gas flame when turned to HIGH. 
   (2 marks) 
 

•  P   =   Q/t   =   575000J/210s   =   2700 W 
•         (✔)       (✔) 

 
 



Q24 continued 
• (c) Give two reasons why the actual power of the gas flame is likely to 

be larger than the value you estimated above.   
      (2 marks) 

 

•  Some of the heat from the gas flame is absorbed by the metal of the 
saucepan as the water heats up      (✔) 

•  Some of the heat from the gas flame escapes into the surroundings 
as the water heats up      (✔) 

 

• (d) In terms of the kinetic theory, describe what is happening to the 
water molecules as the water in the saucepan increases in temperature. 
      (2 marks) 

 

• As the water increases in temperature, the water molecules move around 
faster on average (✔) , and their average kinetic energy increases      (✔) 

 

 



Q24 continued 

• (e) Use your estimate of the power of the gas flame (when 
turned to HIGH) to calculate the rate of decrease in mass of 
the water in the saucepan after the water reaches boiling 
point. Express your answer in g/s.    
     (3 marks) 

•   

•  The gas flame provides 2700 J of heat per second to boil 
the water      (✔) 

•  Q   =   m Lv             m   =   Q/Lv   =   (2700J/s)/(2.26 x 
106J/kg)       (✔) 

•           =    0.0012 kg/s   =   
1.2 g/s      (✔) 

 



Q24 continued 

• (f) In terms of the kinetic theory, describe what is happening to 
the water molecules after the water reaches boiling point. 
       (2 marks) 

•   

•  After the water reaches boiling point, the water molecules 
absorb heat by increasing their potential energy  (✔),  separating 
from one another and moving much further apart in the gaseous 
phase   (✔) 

 



Q25 
• a) Kimberly measures the sound intensity at a distance of 5.0 m from a 

lawn-mower to be 3.0 × 10 − 2 W m − 2. Assuming that the lawn-mower 
acts as a point sound source and ignoring the effects of reflection and 
absorption, what is the total power of the sound emitted by the mower?  

 

• P = 4πr2I  

• = 4 π(5.0 m)2 × 3.0 × 10−2 W m−2  

• = 9.4 W 

 

• b) Explain the idea of the inverse square law in relation to waves.  

 

• Formula for the sound intensity produced by a source 

• Sound intensity it produces is inversely proportional to the square of the 
distance from the source.  

 

• In other words the intensity of sound is inversely proportional to the 
square of the distance from the source.  



Q25 continued 
• c) How can this be used in comparing sound at different distances? 

• When comparing the sound intensities at two distances r1 and r2 from a 
source, it should be remembered that the power of the source is a 
constant. Therefore, this relationship then gives the following useful 
formula: 

 

• If the sound intensity 3.0 m from a sound source is 4.0 × 106  W 𝑚2, what 
is the intensity at (a) 1.5 m and (b) 12 m from the source?  

 


